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GEOMETRICAL CONSTRUCTION OF BLADE PROFILES

Summary. The paper deals with possibility of the curve simulation of define
aerodynamic profiles proceeding from synthesis of the plane mechanism based on display
equations method. The influence of parameter analysis on profile shapes enables us to write
the catalog of basic curve types used by the optimizing methods.

GEOMETRYCZNA KONSTRUKCJA PROFILOW LOPATEK

Streszczenie. W pracy przedstawiono konstrukcje krzywej powstatej z pewnego
przeksztatcenia okregu, ktérej ksztatt moze przybliza¢é spotykane w pratyce profile
aerodynamiczne, np. fopatek turbin. Przeksztatcenie daje sie zrealizowa¢ za pomoca prostego,
ptaskiego przyrzadu. ldee takiego przyrzadu (schemat kinematyczny) autorki przedstawity na
jednym z rysunkéw ilustrujagcych prace. W zaleznosci od doboru 4 parametréw
wystepujacych w przeksztatceniu krzywa moze przybiera¢ 24 (liczba kombinacji tych
parametrow) ksztatty. Dla celéw praktycznych, wykluczajac rozwigzania zawierajgce punkty
urojone, liczba ta ogranicza sie do 12. Autorki sprecyzowaly wymagania stawiane czterem
parametrom dla uzyskania rozwigzan praktycznie uzytecznych.

INTRODUCTION

In the paper we present a mathematical expression of a blade profile obtained by a
transformation of a circle. The function of a blade profile is an algebraic biquadratic equation
of two variables with four coefficients. We refer to a geometrical construction of profiles
constituted by the above mentioned transformation. Further we make an analysis of the
parameters effect on the form of the generated curves together with the restriction of the
domains of the parameters for a set of basic types of curves.
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GEOMETRICAL CONSTRUCTION OF AERODYNAMIC PROFILES

Universal n-dimensional mechanism to creating curves of aerodynamic profiles has
general invocation for various blade profile forms that are requested by technical practice.

Geometrical construction of curves of aerodynamic profiles proceeds from the
transformation of a circle, an ellipse or another curve according to the following procedure.

Let us cut the set of rays with the center in the point O, that project the point order of the
base curve (e), by the line (m) or by another line of the m-th degree (Fig.l). The point orders
on the curve (e) and (m) are control or determining formation of resultant curve of the
finding shape. The rays of the corresponding points of control curves cut into finding curve of
aerodynamic profile.

The form and the size of the profile depend from the mutual positions and the forms of
elementary curve (c) and curve (b), and also from the ray direction.

Mathematical expression for this profile of blade is the function:

F(x,y)=0 (1)

Let us choose in the plane two orthogonal coordinate systems (O; x,y) and (0;",q), that
centers are coincident and nevertheles it is agreed:

Xx*£andy =7 (2)
b dy y-7
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Fig. 1. Design of geometrical construction
Rys.l. Szkic konstrukcji geometrycznej

Let (e) be a circle with the radius ¢ and with the center 0,(a,d) in the coordinate system
(0;£,,r]). It is the first spine curve and its equation is:

®

The straight line (m) parallel to axis x in the distance b is the second spine curve.
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Fig.2. Geometrical construction of profiles
Rys.2. Konstrukcja geometryczna profilow

Let B(”,4) be the arbitrary point of the circle (e). We assign the point B to the point
A(x,y) of atracking curve. According to Fig. 1 we have:

£ i (4)

and therefore

Setting (2), (5) into (3) and after editing we obtain an algebraic equation of two variables x
and y:

X2y 2- labxy+b2y1- 2b2dy+a22- b2c2+b2d2 =0, (6)

where a,b,c,d are real coefficients.

Equation (6) express the curve of blade profile. The geometrical construction of this
profile is illustrated in Fig.2. We can obtain mechanism for creating aerodynamic profiles by
mechanization of this geometrical construction Fig.3.

We can express the function (6) also by means parametric equations with respect to the

angle qx

,a-Cccos
p 3 ccose

X = )

a +csmep |
y =d +csu\(p, (8)

where e <0°,360°> for closed curve of aerodynamic profile.
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Fig.3. Kinematic scheme of plane mechanism
Rys.3. Kinematyczny schemat mechanizmu ptaskiego

ANALYSIS OF THE PARAMETERS EFFECT ON THE PROFILES FORM

The mentioned mechanism create various curves depending upon the mutual proportion of
all parameters a,b,c,d and their changes. They are curves of aerodynamic profiles or blade
profiles.

If a=0 then mechanism generate symmetric curves. In the case when d=0 or c=d an
generated curve has imaginary point and the curve is not closed. Practically meaning of this
blade profile is only in the case if it is treated in the domain of the imaginary point. Therefore
the parameters b,c,d must satisfie to condition:

O<c<d and b*0 9)

for real closed curves.

We can proporcionaly increase or decrease the profile size if we mentam the relation
between individual parameters and the profile form is not changed.

The set of basic style curves forms 24 profiles. This number corresponds to all possible
combinations (4!) of mutual proportions of parameters a,b,c,d. Only 12 profiles are without an
imaginary point. It is possible to restrict the domains of individual parameters of closed
curves according to (9) Fig.4a,b.

The changes of the parameters may lead to the transition of one type of curves to the other
one provided that parameters of one domain transit to the other one. We can bring near the
curves of the blade profiles used by technical practice by an optimal change of parameters in
individual domains.
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Fig.4a,b. Domains of parameters for basic types of profiles
Rys.4a,b. Obszary parametréw dla podstawowych profilow

Fig.5. Illustration of basie profiles types
Rys.5. Rysunek podstawowych typéw profilow
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Abstract

In the paper it is analyzed a plane mechanism with 4 parameters which point A created the
curves similar to the forms of the blade profiles of steam or gas turbines and compressor
blades.

The analysis of the mechanism parameters effect on the form of the created curves and a
definition of parameter domains for real curves forming is one of the basic requirements
conditioning further solution. These bounded domains are used the zero approximation
methods as the zero approximation of the initial coefficients estimation.



