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Abstract: A new method of designing of spiral meridional section and spiral spatial shape is introduced
in this contribution. The method originates from differential geometry principles and the
solution is performed in the curvilinear orthogonal net. The spiral spatial shape is based on
the meridional velocity field. The aim of presented solution was achievement of proper
hydraulic characteristics. This is ensured due to fluent change of the instantaneous speed of
the particle. The fluency is especially endangered in the passage between the spiral and the
volute throat. The spiral outlet meridional section shape smoothly changes into circular
pipeline section shape in the outlet of volute throat.

1. Introduction

The spiral design presented below is part of
centrifugal pump design based on the
differential geometry principles in the
curvilinear coordinate system. The efficiency of
the complex depends on high-quality design of
each of its parts. There is also requested
interconnection and reciprocity between
components of designed pump. That is based
on the assumptions of flow in early stages of
design. The results are expected to be good
foundation for further pump design performed
in some CFD program or for rapid prototyping.

2. Design philosophy

The spiral meridional section does not have a
universal shape. Nearly every spiral belonging
to a specific type of pump has its own unique
meridional  section. This variability in
applications is kept with defining of meridional
section as Bezier surface. Equations (1) and
(2) determine the Bezier surface.
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u=(0,)

v=(0,1) @)

The dimensionless vectors u, v determine
roughness of Bezier surface.

Fig. 1 Meridional section of spiral, [1]

Consider curvilinear coordinate  system

u,ve(0l;w=pe(0,27) [2]. g, denotes the

vector tangent to appropriate coordinate curve,

see Fig. 1. The calculations within the
mathematical model require mutually
orthogonal vectors g.. Nevertheless

coordinate curves are not generally orthogonal.
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Such orthogonalization can be performed by
following equation, [3]:
ng

Initial assumptions and boundary conditions,

[3]:

du
dt

2.8,
2,8,

cfr)= [gl - (3)

(4)
(5)

cg, =0

v=v,;u=0

3. Meridional section

There were considered three assumptions of
flow for designing of impeller meridional
section in [3]. These were the potential flow,
the rotational flow (Francis method) and the
quasi-potential flow assumptions. Only one of
them is applicable for spiral. It is essential for
centrifugal pump impeller design to achieve
uniform distribution of meridional velocity at the
outlet for any flow assumption. Thus, there is
always uniform distribution of meridional
velocity at the spiral inlet. Such premise gives
priority to application of Francis method and
also ensures interconnection between design
of impeller and spiral. The design of meridional
section as Bezier surface to meet requirements
of rotational flow assumption is presented in

[3]:

1,1, 3 1’ 2’ 3
o) ), el
(6)
Fl)=— 2 (7)
27rj 7 g—ldu1
0 £

Equation (6) determines the system of
coordinate curves for potential flow. Function

F(uz) can be determined with method of
progressive selection.
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Fig. 2 Meridional velocity field
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4. Spatial shape

The plane y crosses the meridional plane in
the intersection points A and B for the flow
rotary symmetric to the plane x and limited with
the steady surfaces a and b, see Fig. 1, [1]. It
is possible to determine absolute velocity
vector v in every point of the plane vy, [1]. The
vector v is decomposable into circumferential
and tangent direction to the junction of points
A, B, [1].

X2

X3
Fig. 3 Plane x

Fig. 4 Plane y
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Meridians determine streamlines of meridional
velocities. Parallel circles are determined with
streamlines of absolute velocity vector
components in circumferential direction. The
streamline of absolute velocity (v) vector is
represented with curve k. This curve
determines the characteristic shape of spiral
solid on plane x. The tangential vector g,
determines the direction of meridional velocity
(vm). The tangential vector g, determines the

direction of circumferential velocity (vy). u' is
selected to g, 1 g, 1 g,. Regarding to these

relations between surfaces a and b, the
geometric net on the meridional section is
interconnected with velocities array. The spiral
casing is in accordance with original flow
assumption and hydraulic losses are
minimized.

The curves u, of the outlet meridional section

of spiral represent the borders of particular
meridional sections, see Fig. 1. A fine
adjustment of these borders provides
possibility to conform to some external design
limitations. The spatial rotation of the particular
meridional sections creates general spiral
spatial shape. The commonly used methods

V,.an =const. and rv, = konst. are applied.

mean

The equation of rotation of meridional section

for v =const. method in curvilinear

mean

coordinate system, [1]:

uZ
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The equation of rotation of meridional section

for rv, =konst. method in curvilinear

coordinate system, [1]:
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5. Volute throat

The circle ¢ represents the virtual trajectory of
the centre of the last volute throat section. The
circle L represents trajectory of the point M. Its
part determines the guiding line of the centre of
the volute throat. The circles are tangential.
The flow direction changes in the inflexion
point i. The change of the instantaneous speed
of the particle is fluent, thus hydraulic looses
are minimized. The centre of the last volute
throat section is crossed with the vertical spiral

axes. Its coordinates are [x, Vs z] = [0,0, Z, L].

Yo=TL
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Fig. 5 Guiding line of the centre of the volute throat

The spiral defined by the angle of rotation o is
determined with equations:

Yor =" (10)
Zo, = — L (11)
tano
®
= 71N (12)
2( : —1)
sin o

The spiral defined by the height of the outlet
pipeline inlet z,_ is determined with equations:



o= atanLrLJ (13)
0
2
zy, O
== —— 14
I o 4 (14)

The above presented equations represent the
common spiral spatial shape. The alternative
forms, as tangential spiral, are available
through entering of appropriate values of o and
Zo.. It is also possible to move with the outlet of
the volute throat regarding to the spiral solid.
The shifts of particular volute throat sections
on x axes are performed with interpolation of
cubic spline. The shifts on y axes are
performed with addition of appropriate Dy
value into (10).

Fig. 6 Result of spiral design performed in software
based on the presented mathematical model

Fig. 7 3D model of fluid within the designed spiral
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6. Conclusions

There was introduced the mathematical model
of spiral design in this contribution. The design
is based on the differential geometry principles
in the curvilinear orthogonal net. The
fundamental geometric assumptions were
performed according to keeping the optimal
flow within spiral. The design of outlet
meridional section is based on rotational flow
(Francis method) assumption. The reason was
common distribution of meridional velocity at
the centrifugal pump impeller outlet. It is
possible to anticipate similar distribution at the

spiral inlet. The curves u, of the outlet

meridional section determine other spiral
meridional sections. Thus the spiral spatial
shape is obtained via rotation of the particular
meridional section. The volute throat design
was performed in a way that kept fluent
instantaneous velocity of particle. The spiral
outlet meridional section passes fluently into
circular pipeline section within the volute
throat. The design results are exportable into
one of existing 3D designer programs. The
sample of 3D fluid model is presented at the
end of the contribution.
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