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HYDRAULIC DESIGN OF INDUCER

J. Stejskal”

Abstract: The paper deals with hydraulic design of an inducer. The mathematical model based on the
Lagrange coordinates is presented. It is based on a choice of trajectory of a fluid particle in accordance
with the continuity equation. Given the trajectory shape, it is possible to determine the specific energy of
an inducer. The inducer blade is then determined by the family of these trajectories.
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1 Introduction

When designing an inducer, the main criteria are high suction performance, high head rise and a
positive pressure gradient. Currently, the design methods to avoid cavitation in inducers are becoming
a major concern. This article provides relatively quick and easy methodology to do the preliminary
blade design satisfying demanded parameters, while focus is put on suitable specific energy and
pressure gradient. Cavitation in inducers is studied in papers (Rebattet et al 2001; Acosta et al 2001;
Wegner et al 2003). No attempts to improve the cavitation performance have been made here.

2 Liquid Motion on a Helical Surface

Let us consider the helical surface in the coordinate system X = [x4, X, x3], as shown in Fig. 1.
Y3

Fig. 1

This surface rotates around axis x; with angular velocity w. We connect the rotating coordinate
system y = [yq, Y2, V3] with the helix. In the system y; we may write down the general parametric
helical surface as
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y2 = F(aq,a3) cosA(aq, az,a3) ,
y3 = F(ay,a3) sinA(ay, a3, az) , (1)
y1 = G(az),
where aq € (aqi, a1¢), az € (0,aszs) and a, is fixed in the interval (0,2m). The relation between
coordinates x; and y; is easily seen from Fig. 1. It holds that
x5 = cos (wt) y, — sin(wt) ys3,
x3 = sin(wt) y, + cos (wt) y3,
X1 =Y1-
Substituting from (1), we have:
x5, = F cos (wt) cos A — F sin(wt) sinA = F cos (A + wt) ,
x3 = F sin(wt) cos A — F cos (wt) sin A = F sin(4 + wt) , )
X1 =Y1-
Equations (1) define the shape of helix. To describe the motion of a fluid particle on this helix we
choose the Lagrange coordinates, while this particle will be moving in the opposite direction of axis

¥1, see Fig. 2. We will follow the motion of the fluid in time ¢ from a certain point of the helix given
by coordinates a;, as. In general, this motion is described by

y2 = F(ay,a3,t) cos A(aq, az, as, t),
y3 = F(aq, a3, t)sinA(aq, ay,as,t),

y1 = G(ast).
To ensure that the particle follows the shape of the helix against the direction of axis y;, we choose
vy, = F(aq, a3 — Qt) cos A(aq, a,, az — Qt),
y3 = F(aq, a3 — Qt)sinA(aq, a,, a3 — Qt), 3)
y1=G(az —Qt),

Where t € (0, t;) and Q is the angular velocity of the fluid.
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Fig. 2: Velocities and angles between them (U is the moving frame velocity, w is the relative
velocity and vy, is the meridional velocity).

In system x;, the fluid motion must satisfy the Continuity Equation (Brdicka et al 2005), which in
Lagrange coordinates takes the form J(0) = J(t), where
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[0x; O0x; 0xq]

6(11 aaz 0a3
dx, O0x, O0x
J =det|——=2 =2 2|
6(11 aaz 6a3
0x; Oxz 0x;

_6a1 aaz 0a3_

Substituting from (2) and solving the determinant, we get
0F 0A 0G
J@© =F7—=—-—=](0). 4)

da, d0a, 0as

2.1 Important Relations for the Inducer Design

To determine the specific energy we need to know the circumferential velocity componentv,. To set it
down, let us do the time derivative of equations (2). Hence

J'c2:F"cos(A+wt)—F(A+w)sin(A+a)t),
J'c3:F‘sin(A+wt)—F(A+a))cos(A+a)t),

where dot denotes the time derivative. Therefore, we have
Vo = F(d+w), )
v =F. (6)

Now we determine the blade angle 5. According to Fig. 2, we get

" gu - 8t gu - 8t
CoS = COoS ==,
g g llgullllg:ll

- , 7
Igallgel )

where g, is a vector in the direction of the moving frame velocity and g; is a vector tangential to the
fluid particle trajectory. Obviously,

0 G
gu = |—FsinAl, 8. =|FcosA—FAsinAl-
FcosA FsinA+ FAcosA

Substituting these into (7), we obtain
FA

cosf = — , 2
JGZ +F2 4 (FA)2 ®

from where
G% + F?
G? + F2 + (FA)Z’

sin?f =1—cos?f =

which implies

VG2 +F? ©)

tgf = —
gB i

2.2 Pressure

The pressure field can be determined from the Euler equations, which in Lagrange coordinates take the
form (Brdicka et al 2005)
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0%x, 0x, 0%x, 0x, 0%x30x3  Op

=——,  k=123. 10
P otz 9a, " P ot% 9a, P ot? da,  day (10)

Using equations (2) in (10), we obtain equations describing the pressure field as

(O 9G . OF ;. o o\ A, . 2..]
Tar _p[aak6+6ak (F-F(A+w) )+6ak (2FF(A+w) + F2A)|. (1)

3 Results

The inducer blade for the following parameters was designed:

L=006m Q= 6,94&, n=1450min~!, D, =0,08m, D,=0,04m,

where D; and D, are inner and outer diameters, respectively. Other quantites are as follows:

T, ) . Q m 2nn rad
S:Z(Dl —D2)=O,OO377m B ‘Um=§= 1,84?, a)=a= 151,84- T

Resulting blade surface is in Fig. 3.
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Fig. 3

Blade parameters in the mean region are:

m m ]
Vy1 = 0?, Vyp = 1,7?, Y = 7,84k—g , Hyse =0,5994m,

where H;so, is the head at efficiency of 75%. To compare these results, numerical computations by
the singularity method were performed. Results were obtained for 20 blades of zero thickness as an
approximation to the infinite number of blades. It gives

Tmin: Ap = 2770Pa, H;59, = 0,2614 m,
Tmean: Ap = 6202 Pa, H;59, = 0,5851 m,
Tmax: Ap = 10996 Pa, H;5¢, = 1,0368 m,

This is a good approximation to the theoretical result.

As another example, the following inducer was designed (see Fig. 4):
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1

Lmax = 0,14 m, Lmin =0,111m, Q =616-, n = 2980 min_l,
S

D, = 0,306 m, D, = 0,150 m.

Resulting blade surface is in Fig. 5. Assuming the infinite number of blades, the head is

H75% =38m.
= \ g
<
' L Lmin
1
Lmax

Fig. 4: Meridional section.

A

AT

il

[ -

[ —L—‘—ﬂ
i

RN
[ N
AN

,&m

LT
&

Vi

DA

L

\

AR

0
g
W\

\/

L
[

AN

=]

VL

ERRE
ARRREEE

L]
l| ™7
|\I\|

1
t

AU W W WL W W W Y

N

HFERERRRRRRRRRY

7

Lo
Ly
1

I\

=
N

[ ]
o
{

Fig. 5

Fig. 6

From Fig. 7 we see that this inducer was designed with zero angle of incidence along the leading edge
(Pochyly et al 2011). Head H = 23,18 m. The blade loading is in Fig. 8, from where the pressure
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difference between pressure and suction side of the blade can be seen. A value of the pressure in a
point has no meaning, only differences are meaningful.
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Fig. 7: Relative velocities at 20%, 50% and 80% span between hub and tip.
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Blade Loading at 20% Span Blade Loading at 50% Span
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4 Conclusions

This paper presents the methodology to design an inducer blade. It is based on Euler equations
together with the continuity equation in Lagrange coordinates. It can be used to perform the
preliminary blade design and to predict its parameters (specific energy, pressure gradient, etc.).
Several inducers were designed and compared to numerical computations. It was shown that these
numerical results are in good agreement with the presented theory.
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