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FLOW RATE OF IMPELLERS WITH RADIAL DISCHARGE
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Abstract: 4 new mathematic model for the flow rate of the impellers with radial discharge was de-
duced due to the methods of dimensional analysis. Through experimental determinations the general
calculation relation was particularized for the case of the Rushton turbine. Research results are pre-
sented by graphics, depending of impeller’s parameters: speed, diameter and width of blades. Ex-
perimental data are used for establishing a general relation of impeller flow rate, taking into account

the liquid density and viscosity.
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1. INTRODUCTION

The resultant motion of liquid in a cylindrical vessel
with rotational mechanical impeller can be decomposed
in an axial flow, a radial flow and a tangential flow, in
accordance to the rectangular system with the vertical
axis in direction of the vessel revolution axis (Fig. 1).

Usually, in the aim of axial and radial flow intensifi-
cation, is decreased the tangential current through the use
of baffles [1]. Thus, the fundamental studies considering
the mixing in vessels with baffles directed to the two
types of impellers: impellers with radial discharging flow
pattern and impellers with axial discharging flow pattern

(Fig. 2).
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Fig. 1. The resultant speed v and his components: v, - axial

speed, v, -radial speed, v, - tangential speed.
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Fig. 2. Flow pattern of mechanical rotary impellers:
a - tangential; b - radial; c- axial.

But apart from the circulation flow of liquid, must be
tacking into account the turbulence which is created
through the impeller action, this turbulence being charac-
terized by highly cutting tensions. So, because the aims
of mixing processes are very varied, the impeller must
chose in such kind that to assure an optimum ratio be-
tween circulation and the turbulence [2, 3].

With this end in view, the impellers were classified
depending on the size of ratio among the power number
and the pumping number N, / N, :

N

Ny=—7F—. (1)
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in which: ¢ is the impeller’s flow rate, n — speed of im-
peller, d — diameter of impeller, p — density of liquid and
N — power input.

The impellers with a big value of ratio N, /N, are

so called “cutting impellers”, for instance the disc-turbine
and the impeller with six right blades which present a
radial discharging flow pattern.

The impellers with a small value of ratio N, /N,

are so called "recirculation impellers", for instance the
propeller with six blades and the six 45° — pitched blade
turbine which present an axial discharging flow pattern.

2. THEORETICAL

Within the framework of installations from the indus-
tries of process are frequent used different types of im-
pellers with radial discharging flow pattern. These impel-
lers are used specially for the operations which require
high degrees of turbulences, such as, the emulsions ob-
tain, or the dispersions of gases in liquids obtain [4, 5].

Due to high performances of these impellers, they
constituted the object of numerous theoretical and ex-
perimental researches. Thus, has been establish numerous
relations for the calculus for the impeller power input, for
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the speed of discharged liquid and for the flow rate of
discharged liquid, depending on the impeller’s form and
the impeller’s geometrical parameters [6, 7].

Thus, Sterbacek and Tausk [8] showed as, generally,
the radial flow of an impeller can be expressed through
the product among the area surface generate of the
blade’s peaks of impellers on the rotation move and the
radial speed of fluid:

g=n-d-h-v; 3)

in the previously relation d is the diameter of impeller, %
— width of blades and v - the radial speed of fluid.

In the same time, analogously with the pumps cen-
trifugal machines, they proposed for the calculus of im-
peller’s flow rate with radial discharging flow pattern the
relation:

g=n"-d*-n-h 4

in which 7 is the speed of impeller.
After Nagata [9], the radial flow rate of an impeller
with arms is expressed through following dependency:

g ~D"Y .d% . p-z%7, (5)

in which z is the impeller’s number of blades.

With all diversity of the range of types known in the
practice, yet, is can appreciated as most frequently used
impeller from these category is the disc-turbine with six
blades, which is meet in the specialty literature below the
names of "the Rushton turbine" or "the opened tur-
bine"(Fig. 3). Researching the behaviors of this type of
impeller, Bowen [10] arrived at the conclusion as his
radial flow rate has the expression:

q=62-D.d* .n-h. (6)

According as he arises from one presented, usually,
the radial flow rate of an impeller is presented as be de-
pendent on speed, as well as of a series of geometrical
parameters: the diameter of impeller, the diameter of
vessel, the width of impeller’s blades etc.

But do not is considered the effect of working liquid.
However, he is obviously the influence of his density and
viscosity about the hydrodynamic regime produced in
reactor. For this reason, in the frame of this work the
author he proposed, in first the stage, to establish a gen-
eral calculus relation for the radial flow rate of an impel-
ler, which holds the account of the working liquid prop-
erties.

Because of the complexity of hydrodynamic process
which is in progress in vessels with mechanical mixing
devices, the deduction of the mathematical model has
been realized with help of the conventional method of
dimensional analysis, completed then through experi-
mental determinations.

Thus, faithful to the Buckingham method, which is
based on the produces theorem, anything complete rela-
tion

fl4,4,,45..4,)=0 (7)

between the physical sizes 4, 4,, 4;...4, which cause a

phenomenon, can be writhed in the form:

(p(nl,nz,n3...np_m)=0 ®)
or

ny = k() (13)P ol p ) ©

where my,my,n3..w, 4 are dimensionless produces,

free between they, realized with sizes 4;, 45, 43... 4,, and
m is the degree of dimensional matrix.

Tacking into account the results published in the spe-
cialty literature is can asserted as the parameters which
can influence the flow rate of the impellers with radial
discharging flow pattern are: n —speed of impeller, d -
diameter of impeller; 4 — impeller’s width of blades, - -
dynamic viscosity of working liquid; p — density of
working liquid; g — gravitational acceleration.

Among these parameters don’t included the number
of blade of impeller, because the researches were limited
about impellers with six blades. So, taking count of pa-
rameters which can influence the studied phenomenon is
can formed the following dimension matrix:

g d h n p p g

L3 11 0 -1 -3 1
) (10)

M| 00O O 1 1 0

T|-1 0 0 -1 -1 0 -2

The degree of matrix is m = 3, because the determi-
nant of the three order formed of the elements of the col-
umns 5, 6 and 7 is non-zero. As initial sizes are selected
u, p and g, and on their basis drew up the four one di-
mensionless produces (p —m=7 -3 =4):

b c
m=p'tpt-g g
n,=p? - p2.g2.4 an

— 9. b3_ c3 h
Ty=p-"p--8
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Further on, for the determination of exponents of di-
mensionless produces is necessary to obtain firstly the
dimensional equations:

LOMOTO — L—alMalT—alL—Sblel LclT—2c1 L3T—1
LOMOTO = [[2 )02 92 L—3b2Mb2 €2 T—Zch
LOMOTO — [BABT 3 L—3b3 Mb3 163 T—2c3L
LOMOTO = [N T % L—3b4Mb4 4 T72c4 T—l

(12)

and the finally forms of dimensionless produces are:

soos 1 2oz 1
T[l:u 3.p3.g3.q;7‘[2:u 3.p3.g3.d (13)
2 2 1 1 1 2

Ty =1 3.p3.g3.h;7[4:u3.p 3.g 3.}1

Taking into account the expressions (13), the relation
(9) becomes:
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whence results, finally, the relation of calculus for the
radial flow rate of impellers:

q=k-d® -n®-n-p°-p’ g, (15)
where
e_—Za—2b+c+5_ _2a+2b-c-5
3 3 (16)

. a+b—-2c-1
—

3. EXPERIMENTAL PROCEDURE

The relation (15) represents the general expression of
flow rate for the impellers with radial discharging flow
pattern, which is the same for all type of impellers.

The particular forms of this relation depend on values
of coefficient k& and of exponents a, b, ¢, d, e and g,
which will be experimentally determinate for the re-
searched type of impeller, respectively the disc - turbine
(the Rushton turbine) (Fig. 3). For the touch this aim has
been used the experimental set-up presented in Fig. 4.

Seeing that in the case of a radial flow pattern the ab-
sorption of the liquid is done in the axial direction, so to
the upper part and to the lower part of vessel, the impel-
ler has been located between one two sections (2 and 10)
of a draught tube. The liquid pumped of impeller in ra-
dial direction raise one in the vessel 10 and, finally, pour
out above the edge of vessel 10 and is collected in the
gutter 3.

By means of the pipes 7 and 9 is done the supply of
impeller, as much to the upper part and to the downside.
For the avoiding formation of central vortex were foresee
the radial baffles 5, as much for the draught tubes 2 and
10, and for the vessel 8.

The flow rate of liquid pumped of impeller is deter-
mined measuring the volume of liquid evacuee through
the pipe 4 in the clock unit.

Fig. 3. Disc - turbine impeller: d; = 0.75-d;
a=0.25d;s=0.5 mm.
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Fig. 4. The experimental set-up: 1- impeller’s shaft;
2- upper draught tube; 3- gutter; 4- drain pipe; 5- baffles; 6-
impeller; 7- supplying pipe; 8- vessel; 9- liaison pipe;
10- lower draught tube.

In the frame of experimental determinations has been
used five constructive variants of impeller presented in
the Fig. 3, with the width of blades /# = 15, 20 and 25 mm
and with diameters d =D /4, D/ 3 and D / 2, where the
diameter of the vessel D =0.250 m.

4. RESULTS AND DISCUSSIONS

The purpose of experimental researches has been the
identification of influence for all parameters from rela-
tion (15) about the radial flow rate of impeller. Thus,
were varied the speed of impeller, the impeller’s diame-
ter and the width of blades, but in the same time the oth-
ers parameters were maintained constantly. The values
determinate on this path were represented the chart in
logarithmic coordinates just as is showed in the Figs. 5 —
7.

The graphical processing of results from these dia-
grams put in evidence the following proportionality rela-
tions:

g~n; qg~d’; q~h (17)

In this way has been founded the exponents a, b and ¢
from the relation (10): a = 3; b = 1; ¢ = 1; the others ex-
ponents can be deduced with the help of equations (16): e
=-0.6606; f=0.666;i=0.333.

Through the assemblage of results is obtained follow-
ing relation:

0.666
q~n.d3.h~g°-”3.(3J . (18)
1)

Confronting the experimental results with the values
obtained through the application of relation (18) he ar-
rived at the conclusion as the average value of coefficient
kis 7.5 10™*. Thus, the final form of this equation is:

0.666
g=7510"%n-d*-h.g"» (ﬁJ . (19
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Fig. 5. Influence of impeller’s speed about radial flow rate of
disc - turbine impeller:
1-d=D/2;2-d=D/3;3-d=D/4.
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Fig. 6. Influence of impeller’s diameter about radial flow rate
of disc - turbine impeller: 1 - n = 500 rot/min;
2 - n=300 rot/min; 3 — n =100 rot/min.
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Fig. 7. Influence of blade’s width about radial flow rate of disc
- turbine impeller: 1 - n = 500 rot/min;
2 - n =300 rot/min; 3 —n = 100 rot/min.

5. CONCLUSIONS

On the strength of the methods of dimensional analy-
sis he deduced a new mathematical general model for the
flow rate of impellers with radial discharge [relation
(15)].

With help of experimental determinations this general
relations were personalized for the case turbine - disk
impeller [relation (19)].

Must did the specification as the relation proposed is
valuable just if are respected the conditions of geometri-
cal similitude, as well as the scale-up rules, in the case
her applications to industrial equipments.
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