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The problem of effective supercavitating (SC) pump is solved, and optimum load distribution along
the radius of the blade is found taking into account clearance, degree of cavitation development,
influence of finite number of blades, and centrifugal forces. Sufficient accuracy can be obtained
using the equivalent flat SC-grid for design of any SC-mechanisms, applying the «grid effect»
coefficient and substituting the skewed flow calculated for grids of flat plates with the infinite
attached cavitation caverns. This article gives the universal design method and provides an
example of SC-pump design.
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YucJeHHoe HCCJIea0BaHHUC
CylnepKaBUTHPYIOLIEro Hacoca
B.A. Kyaarun

Cubupckuti hedepanvHulil yHUBepcumem
Poccus, 660041, Kpacnospck, Ceoboonuiii, 79

Pewena 3adaua 06 s3¢pghexmuenom CK-nacoce u natioeno onmumanvHoe pacnpedeenue HApy3KuU
800716 paouyca JONACMU ¢ YYemOoM GelUdUHbl 3d30pd, CMENneHu pa3eumus KAsUmayuu, GAUsAHUA
KOHe4H020 uucia aonacmeil u yewmpobesicuvix cui. Ilokazano, ymo ¢ 00cmamouHol moYHOCMbIO
MOJCHO NONYHUMb PelerUe, UCNONb3YA IKeusareHmHyw niockyio CK-pewemky ons npoexmuposanus
ar0ovix CK-mexanuzmos, npumerss kodgduyuenm «3gpgexma pewemxuy u noOCmMasiAs nepexoc
NOMOKA, pACCUUMAHHBLIL 0Nl peulemKU NJIOCKUX NIACUH ¢ OGeCKOHEeUHbIMU NPUKPEneHHbIMU
KABUMAYUOHHBIMU Ka8epHAMU. B cmamve u3niodcen YHU8ePCAbHbIL MemMOO NPOeKMUPOSAHUS U
npedcmasien npumep pacvema konempykyuu CK-nacoca.

Kniouesvie cnosa: nepexoonoi xoagguyuenm, euxpeeas meopusi, 6a4308as JTUHUS, MEOPUs
CYRepKasUmupyouwux npouet, IKGUEANEHMHAS peuemKa, dPpexm peuemxu.
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1. Introduction

The one effective application of the cavitation technology are supercavitating pumps (SC-pumps),
which have advantages in variety of industrial processes [1, 2]. The basics for calculation of any
cavitating equipment, working in the presence of developed cavitation, are their geometry parameters
and hydraulic characteristics, i.e. the solution must contain the flow velocity and pressure distribution,
and cavitation bubble’s dimensions. For the given flow rate and net head, the design of the SC-pump’s
impeller requires calculation of its profile’s geometry, the number of blades etc., as well as calculation
of its rotation velocity, axial velocity etc.; but in addition, the design is complicated by generation of

the cavity with required length, the number and size of the cavitation bubbles.

2. Load Distribution

Calculation algorithm of SC-pumps is based on the solution of a supercavitating flow around a
blade’s element or equivalent flat blades grid [3]. In the first stage of the design of a rotary equipment,
the best load allocation along the blade’s radii is calculated. This factor would ensure the required net
head with minimal energy losses.

The best load allocation along the axis of a real SC-pump’s blade is found by the formula obtained
by the method of successive approximations:

dCp 4L(1 — etgB)K,T
g+ K.+1 M

2AP . .
where Cp = P the static pressure coefficient; H = H,,, — H_,, — the pressure generated by the

SC-pump; & =0Cx/Cy = 0,075 + 0,100 — reverse quality of the SC-profile and composition of the
grid (first approximation); K; = K Z(ll, K, Ky, z, ) — amendment to the limited number of blades;
7 = r/R —relative radius of the blade; 7, R — the current and the outer radius of the blade respectively;
B; — the angle of entry of the relative speed with influence of the inductive speed (tgB; = v/w, see
Fig. 1); K. = Fs¢c/Fcy —the relative gap; Fey, Fsc—square of the channel and SC-impeller respectively;
L = L(Kg, A1, 4¢) — the Lagrangian coefficient obtained from the solution of variational problem,

which computed by the formula:

= 2(i/2— 1) @
1+ KAWn[1+ K. +D1/4]
Z+K, +1 (K +1)2
Vo + Wy

Ai = tgfiT = tghily=r = —— e
where Ag = vy/w, — the relative pace at the pump’s inlet; v,, , — the axial and circumferential speed
of fluid relative to an element of the blade at the pump’s inlet; Wgg, Wys — the axial and circumferential
speed at the blades (cm. puc. 1). By integrating these values dC/d7¥ along the radii of the blade, we
find the coefficient of static pressure in the first approximation.

The next step in calculation of the SC-pump is to define the spatial characteristics of the blade grid
for the given radius, which would ensure maximum value of the quality k = C,,/C, for the load on the
radius, obtained in first stage, and taking into account the conditions of strength.

The study dealt with the SC-grid made of the following profiles: flat plate; low wrap profile
f = f/b < 0,03; circle’s arch profile (f < 0,04); concave profile, described by an equation of second,
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third and fifth order (f < 0,06); profile with square load allocation (f < 0,1). Ranges of parameters
for calculation were chosen as follows: relative length of the cavity Lo = Lc/B¢ = 1,5 <20 (length to
width ration); relative curvature of profiles f = 0 + 0,1; relative grid density b/t = 0.5+ 1.5° ; stem
angles gratings 3 = 10 <+ 75°; angles of attack i = 0 + 20°.

In Fig. 1, 2 and 3 show the hydrodynamic characteristics of SC-grids for flat plates and curved
profiles with a rectangular distribution of pressure along the chord & = s(b /7, Bo, Cy). Here
&= Cx/Cy == f(b/7,Bo.Cy, BisX), Lc = Lc/Be == f(b/7,Cy, B).

Design calculation of SC-pumps is based on the “base line” vortex theory, the theory of SC-grids,
as well as on the method of equivalent SC-grid. The calculation is carried out in two phases. First
determine the optimum load distribution along the radius of the blade on the desired characteristics of
SC-pump: static pressure of Hs, the flow Q, the rotational speed n, or the diameter blade’s outer D (for

a given D the unique value n can be evaluated among the several numbers 7).

3. Profiling

Once the optimum distribution of circulation (load) is found, one proceed to the choice of
structural elements of the blades suitable for this distribution, and profiling in accordance with the

strength conditions and optimum for dynamic quality of profiles.

0,25 +

0,15 +

0,05 |
0,10
a b c

Fig. 2. Reverse quality factors € = €(b/t, By, C,) for SC-grids of flat plates with Lyg — 00, ¥y > yin; Where
a—Po=15%b— L, =30%c— B, =60°
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Fig. 3. Reverse quality factor € = £(b/T, B, C,) for SC-grid made of curved profiles with the rectangular distribu-
tion of pressure along the chord for Ly — o, ¥ = yim; Where a—fy = 15% b— B, = 30% ¢ — B, = 60°

Optimal load distribution along the blade’s radius is found by the formula (1). Expressing the
profile drag by the multiplier (I - €tgf3)), limit of the number of blades by K, and calculating the
Lagrangian L from equation (2) by the method of successive approximations, find the distribution of
load factor along the blade’s radius of a real SC-pump (1).

On the basis of the calculations one can build diagrams to determine the inductive dynamics A, of
optimal SC-pump with an arbitrary gap and the degree of cavitation development for the given finite
number of blades for the stated values of Cp, A, and strength (parameter £) [1].

In the second stage of calculation chose structural elements of blades that provide found circulation
and distribution of the induced speeds. Using the theorem of Zhukovskiy for lifting force on element

of the blade dy = pv,[dr, and the following expression

pvi
2

dy =, bdr

write down the equation for coupling of the blade and the flow:

1
r=>Cb. 3)

Substituting (3) into the expression for the static head pressure lightly loaded SC-pump

R
QHs = vypw frFKu dr

rs

obtain
PVow b
s = Jonrg, *v g ik ®

Taking into consideration that

Wr — Wi, Vg — W

v = =
' cosp; sinf;
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Fig. 4 Universal chart of hydrodynamic characteristics for SC-pumps working under developed cavitation with

Hs = f(Q), Hs = —== = f(H/D ,b/7, x,K.)

pn2D?
then from (3) derive the formula to determine the hydro-mechanical parameter of SC-pump’s blade:

c b Ao sinf; dCp
Yt 2 F2K.K, 14+w; df

U=y

It should be noted that in the charts of hydrodynamic characteristics of SC-grids (see Fig. 2, 3),
one can add the curves of equal values of the parameter C,b/t. Thus, defining for each radius the value
B and parameter C,b/t for a set of SC-grids, one can choose the grid that has the lowest inverse quality
Emin-

Then, using a method of the equivalent SC-grid [1], for known b/t, f;, Lk, find a
factor which takes into account the influence of the “grid effect” without the skewed flow
Jp =Jp(b/7, B, Lg). Similar calculations for grids of curved profiles with arbitrary length of the cavern
show that Jp is the factor influencing the “grid effect” (for grid density b/t > 0.6). But the “grid effect

practically does not depends on the curvature f, profile’s form and the cavern length Ly. The vortex
base line theory can be used to find the stream skew Aa; = Af; near the impeller.

By C, and Jp determine the setup angle of the blade on each radius ¢:

A
Yimp ~— /P o l
sap

where the designation “imp” — impeller; “sap” — stand-alone profile. Writing a; = ¢ - ; gives

c, acy>
7(5)_+s

Therefore H/D = mrtge. For convenience, the calculations of design write down in a table form.

@

Based on the described methods, calculation of the generic diagrams of hydrodynamic characteristics
of SC-impellers can be done.

The Fig. 4 illustrates one such diagram of supercavitating regimes for SC-pump’s impellers
(b/t =1,y =0,25; K, = 0,96; profile is a wedge-shaped flat plate) that are used for simultaneous
pumping and processing of the working fluids [1].
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4. Conclusion

In its current state, this method allows design of rotary equipment, which simultaneously
pumps the medium, and uses effects of cavitation on the pumped medium (SC-pump). The highly
turbulent cavitation bubbles collapse, observed under the developed cavitation condition, have
numerous applications [1, 4]. For the given conditions and working fluids, designer should be aware
of the negative and the positive consequences of cavitation effects, especially for the extremal case

— supercavitation.
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