PO LSk A A KA DEMTIR} N & I K
: INSTYTUT MASZYN PRZEPLYWOWYCH

PRACE
INSTYTUTU MASZYN
PRZEPLYWOWYCH

TRANSACTIONS
OF THE INSTITUTE OF FLUID-FLOW MACHINERY

90-91

WARSZAWA—POZNAN 1989
PANSTWOWE WYDAWNICTWO NAUKOWE




PRACE INSTYTUTU MASZYN PRZEPLYWOWYCH

poswigcone sa publikacjom naukowym z zakresu teorii i badan doswiadczalnych
w dziedzinie mechaniki i termodynamiki przeplywow, ze szczegélnym uwzgled-
nieniem problematyki maszyn przeplywowych

*

THE TRANSACTIONS OF THE INSTITUTE OF FLUID-FLOW
MACHINERY

exist for the publication of theoretical and experimental investigations of all aspects
of the mechanics and thermodynamics of fluid-flow with special reference to fluid-flow
machinery

RADA REDAKCYJNA — EDITORIAL BOARD

TADEUSZ GERLACH - HENRYK JARZYNA - JERZY KRZYZANOWSKI
STEFAN PERYCZ - WLODZIMIERZ PROSNAK
KAZIMIERZ STELLER - ROBERT SZEWALSKI (PRZEWODNICZACY - CHAIRMAN)
JOZEF SMIGIELSKI

KOMITET REDAKCYJNY -- EXECUTIVE EDITORS
KAZIMIERZ STELLER — REDAKTOR — EDITOR

WOIJCIECH PIETRASZKIEWICZ - ZENON ZAKRZEWSKI
ANDRZEJ ZABICKI

REDAKCIJA - EDITORIAL OFFICE

Instytut Maszyn Przeptywowych PAN
ul. Gen. Jozefa Fiszera 14, 80-952 Gdansk, skr. pocztowa 621, tel. 41-12-71

Copyright
by Panstwowe Wydawnictwo Naukowe
Warszawa 1989

Printed in Poland

ISBN 83-01-09017-0
ISSN 0079-3205

PANSTWOWE WYDAWNICTWO NAUKOWE - ODDZIAL W POZNANIU

Nakiad 350450 egz. Oddano do skisdsnia 27 X 1987 r.
Ark. wyd. 27. Ark. druk. 19,5 Podpisano do druku w sierpniu 1989 r.
Papier offset. IV ki B-1 Druk ukoficzono w styczniu 1990 r.
Zam. mr 2/0 K-8/295

DRUK ZAKLAD POLIGRAFI WSP W ZIELONEJ GORZE



HYDROFORUM
KONFERENCJA NAUKOWO-TECHNICZNA
na temat
ZAGADNIENIA HYDRAULICZNYCH MASZYN WIROWYCH

Gdansk-Wiadystawowo, 24-é7 wrzesnia 1985 r.

HYDROFORUM
SCIENTIF IC-TECHNICAL CONFERENCE
on
PROBLEMS OF HYDRAULIC TURBOMAC_HINES)

GdaﬁSk-Wladyslawowo, September 24-27, 1985

I'MAPOP®OPYM
HAYYHO-TEXHUYECKAS KOH®EPEHIIUA
Ha TeMy
ITPOBJIEMBI I'MAPABJIMYECKUX TYPBOMAIIWH

I'nanscx-BranpicnaBoso, 24-27 centabps 1985 r.



PRACE INSTYTUTU MASZYN PRZEPLYWOWYCH
1989

 Zeszyt 90-91

KRYSTYNA NOWATKOWSKA

Instytut Maszyn Przeptywowych PAN, Gdansk {Institute of Fluid-Flow Machirery of the Polish Academy of Sciences, Gdarisk,

Some Results of Analysis of the Flow Past Blade Cascades

Some results of numerical analysis of flow past rotating blade cascades used in axial pumps and

- Wsmmes are presented. Comparisons with other authors’ results and experiment are made. e

- 1. Introduction

* computer code for the analysis of the flow past blade cascades used in propeller

Mmes and turbines was developed and verified in the Department of Fluid Dynamics
" Institute of Fluid-Flow Machinery of the Polish Academy of Sciences in Gdansk.

Wi work was supported by the Government Project PR-8.

. the present paper a mathematical model, numerical results and a comparison

I Soth numerical and experimental results obtained by other authors are presented.
* = scheduled to carry out experimental verification of the code on a propeller

W stand at the laboratory of the Institute of Fluid-Flow Machinery.

2. Flow Model

e numerical results presented in section 4 were obtained using a numerical
wich had been developed on the basis of the potential flow model of ideal
I I 1s assumed that the three-dimensional flow through a rotor can be appro-
st by a set of two-dimensional flows on axisymmetric stream surfaces (in the
Wl 2m axial rotor -— cylindrical surfaces), which divide the rotor channel into
Wi channels. Conformal mapping of the chosen stream surface onto complex
wzasforms the partial rotor into a straight cascade of profiles. The auxiliary
abtzined in this way, can be considered as an infinite series of congruent
M O, each of them containing an isolated element of the cascade K (Fig. 1).
P emmination of the flow field within the framework of the potential theory
¥ %o finding a solution of boundary problems of the elliptic (Laplace) equation.
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Fig. 1. A straight cascade in the auxiliary plane -

Consequently, two mathematically equivalent‘ Fredholm integral equations of
first and second kind for the velocity component tangential to the contour of a pr

are obtained [1,2,3]:
2 2
1 T
;t— j ct((pl) L((P, (P') d‘P’ =2 [cmxj’((p) —Comy x(‘p)] + C,,((P) = E C,,((p')K((p, (P’)d(P',
0 °
2 - z:
1 1 »
(@) J‘ c(9)K(9,9)d0" = 2[cp, X(9) +Cmy (@)1 —— cx(@)L(o, ¢)do,
) ?

where c,, ¢, — absolute velocity components tangential and normal to the
¢,, = (¢c; 4 ¢,)/2 — mean velocity of the flow, ¢ — angular parameter of the
contour; ¢ varies from 0 to 2x, while % = dx/de and y = dy/de.

Integral kernels are given by:

K(9,9") = R(o, 0} y(0)+ (9, 9) %(0),
L(9,9) = R(9,9)5(9)~1(0,0) 5(9),

n sinh {27/t [x(¢)— x(¢")1}
t cosh{2x/t [x(9)—x(¢")]} —cos{2n/t [y(¢)—y(¢)]}’

Ko, 9') = __n Sin{Zﬁ/t [y(q’)“."((o’)]}k
: ~t cosh{2n/t [x(¢)—x(¢)]} —cos {2n/t [y(9)—y(¢)1}’

where ¢ denotes the cascade pitch. :

Equations (1) and (2) describe the most general case of flow past a cas
tangential component of velocity is directly equal to vortex intensity dis
along the profile contour, while the normal component of velocity is directly
the intensity of sources modelling the movement effect of the cascade. In
a stationary cascade c, = 0, while t — oo is an assumption made in Eqs (5) and
case of an isolated profile.

R(o,9) =
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If the blade cascade rotates it is more convenient to use a coordinate system
*=iated to the rotor with the assumption that the contour of a profile is a streamline
W the relative flow. Hence, the normal component of the relative velocity is equalled

@ 0 at the profile and two followmg relations hold

N\

v s )

Substxtutmg relationship (7) into Eqs (1) and (2) results in the following equatlons
2n

-11; f w (@) L(p, 9")do' = 2[c,,, y(0)— cm#«o)] + u..(co) -

5 : 2n L 2n -

~%f u(¢)L(p,9")do’ —% J u,(9)K(e,9)do', ®)
0

0
2n

W,((P) —"T!C— J‘ Wt((P')K((P, (P') d(P, =2 [':mxx((p) + cmy y((p)] = ut(q)) =

0
2% 2n

: —% J u,(¢') L{@, 0')do’ +% J u(¢)K (0, ¢)do". ©)
-0 0
‘n practice equation (9) is used to analyze the flow past profile cascades. Given
‘s sssumption of constant peripheral velocity in the chosen cylindrical cross-section
W un axial rotor and some properties of integral kernels [3], equation (9) reduces
W e equation valid for a stationary cascade:

2 -

W:((P)—%J W(P) K(@, 9)d9" = 2[Wys X(9) + Wy, (0)]. (10)

0

‘ The above equation is solved for the relative velocity component tangential to
‘mefile contour. Pressure distribution is obtained from Bernoulli equation.

3. Numerical Method

‘izgral equation (10) is solved by superposition of solutions of the homogeneous
‘W non-homogeneous equations with appropriate conditions [4]. The quadra-
bmethod is used to reduce the problem to solving a system of three linear equa~—
. \ar discrete unknowns w,m“’) Wi o)y Wep 2%

Z wtm(O) Knm = 05 (11)
=1 -

W Ko =2Mx, = %1

to,
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(1

(n = 1, M; M — the number of points on the profile contour used for calculati
with the following conditions:

M
2 th(Z) Knm = 2Myn
m=1 5

wtm(O) = 19 f

et

& {1 & (2
Z Wim ) = Z Wim )=0
m=1 m=1

which are added to each of the equations of an appropriate system (11)-(13)
the exception of the first equation. To solve the systems of equations Gauss elimi
tion method was applied. The determination of K,, matrix elements was based
the following relation:

M
Z ‘Kmn =
m=0
Hence: :
M
Km,'M—m e z Ku,M*m
p=1

For m = n the diagonal elements of the matrix were determined according’
Jacob’s suggestion using the following formula [5]: :

Kmm = E [4(Km,m—1 + Km,m+ 1 + Km-l,m +Km+ l,m)_

_Km m— Z_Km m+2—"Km 2% m"" m+2, m]_M

The profile geometry was represented by two smooth curves which were &

polated by cubic spline curves [6]. For the profiles analysed in section 4 the

parametrization with respect to parameter ¢, was used:
n—1

1 <
=5(1+cos<p,,)l, n=—M—n, | =1, M

where x, — the discrete value of the profile contour x coordinate, | — chord

4. Numerical Examples and Conclusions

Blade cascades of pumps and turbines as well as airfoils were analysed
various operating conditions by means of a numerical code which had been
loped on the basis -of the mathematical model presented herein. Some n
results concerning isolated aerofoils and rotating profile cascades NACA
NACA 0021 and NACA 2412 are shown in Figures 2a, 2b and 3, res
In each case the pitch/chord ratio is t/l = 1. The obtained distributions of
tive velocity or the pressure coefficient along the profile coincide well with
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NACA 4442
ol -8 p=-20° NACA 0024
t/L=1 5% Pp=-20°
t/1=4

"l I Relative velocity distribution along the NACA 4412 (a) and NACA 0021 (b) profile contours
in the case of a rotating cascade and an isolated aerofoil

de, foil (@ —after [7], o— after the author)
Ce
NACA 2442
! oLy = T4, ph0°

t/=1

Fig. 3. Pressure coetticient distribytion along the
NACA 2412 and NACA 0021 profile contours in -2+
the case of a rotating cascade and an isolated

aerofoil
= 34
— ————= cascade, (after the author), ——————— aerofoil
izzlculations by [7] and the author), —o— aerofoil (experi-
mental results after [7]). . -4

purted in [7] (Fig. 2a, 2b, 3). The numerical resuits concerning the NACA 2412
peniioil are also in satisfactory agreement with experiment (Fig. 3).

%s the next step it is scheduled to analyse the flow through an axial pump by
sas of the computer code and then to compare theoretical results with experiment.
I s end a special model pump was designed and built, and an appropriate test
i s being under construction.
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(0) pev?nych wynikach analizy przepiywu przez palisady lopatkowe

Streszczenie -

Opracowano i zweryfikowano oparty na metodzie rownan catkowych program numeryczny ans
przeptywu przez palisady fopatkowe pomp i turbin osiowych.
W pracy przedstawiono model matematyczny w zarysie oraz niektére wyniki numeryczne. Dokos
poréwnania wynikow wlasnych z' wynikami teoretycznymi uzyskanymi przez innych autorow &
-z wynikami doswiadczalnymi (rys. 2 i 3). Poréwnanie wskazuje na dos¢ dobra zgodno$é wynikow s
tycznych z doswiadczalnymi (rys. 3). -
Przewiduje si¢ przeprowadzenie weryfikacji doSwiadczalnej opracowanego programu na stanows
pompowym w laboratorium Instytutu Maszyn Przeplywowych PAN w Gdansku.

(0) HEKOTOPBIX pPe3yjibTarax aHa/IN3a TeYeHHs Hepes JIonaTo4MHbIC pemem
Pezrome

PaspaboTasa u IpOBEpEHA OCHOBAHHAS Ha METOJIE MHTETPATHHBIX YPABHEHMHA TMCICHHAS PO
aHaJ/I3a TEHEHHs Yepe3 PEilETKH JIONATOK HACOCOB M OCCBBIX TYPOUH.

B paboTe MpeACTaBIEH OYEpK MATEMATHYECKOM MOJETH M HEKOTODBIE PE3YIbTATHI UM
pacuéroB. IIpoBeneHbl CONOCTABICHNS: COOCTBEHHBIX PE3yAbTATOB C TEOPETHYECKUMH DE3yIbTZil
JOCTUTHYTBIMH JPYTHMH aBTOPAMH, 2 TAKXKE C Pe3yJbTaTaMH U3 KCIEpHMeEHTa (puc. 2 --3). Cpas
YKa3bIBa€T Ha JOBOJBHO XOPOLIYIO CXOAMMOCTb TEOPETHYECKHX M IKCIEPHMEHTANLHBIX DE3yiss
Hccienosanni (puc. 3).

IMpexycmaTpuBaeTCs NPOBENEHHE IKCIICPHMEHTAIBHOM NPOBEPKH pa3paboTaHHON Iporpa
CTeH[e JUIS HCCIENOBAHMSA HACOCOB B 1a6opaTopuy HucturyTa nporounsix MamuH [TAH B [z



