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1. Introduction 

In designing the blading of rotors or stators of pumps or turbines, one 
must consider a three-dimensional flo'w pattern even when assuming ideal 
liquid flow. The problem was solved by C. H. Wu [1], ·whose method 
requires a computing work too extensive for practical cases and is only 
practicable with an electronic computer. 

Consequcntly, there is a need for a simpler method of calculation, giying 

a good approximation. The blading and the approximate velocity distribution 
can be calculated by one of the techniques on the basis of starting a more 
accura tc calculation of velocity distribution. 

This paper deals with design of mixed flow impeller having thin blades, 
the thickness of which is not infinitely small. The investigations were made 
assuming incompressible and perfect liquid. In the calculations the possibilities 
given by the con formal transformation and the method of singularities were 
used. For reducing the calculation work some allowances and simplifications 

should be introduced which can be tolerated according to our experience and 
nevertheless give a good approximation. The stream surfaces whose inter
section with any plane perpendicular to axis z forming concentrical circles 
were regarded as surfaces of revolution and, in analysing the flow on the sur
faces of revolution, the source distribution making a variable layer-thickness 
was considered only according to the integrated velocity means. On the basis 
of related investigations for practical cases by BETZ [2] this approximation 
gives good results. After transforming the surfaces of revolution and the blade 

sections on them into a straight plain cascade, we could determine the blade
curves (blades having infinitely small thickness) by the method of singularities. 
The source distribution responsible for the blade thickness is considered, not 
on the blade-curves carrying the singularities, but only distributed on the 
whole fi~ld, corresponding to the conventional contraction cocfficient. Neyer
theless, when computing the velocity distribution of the blade, the value of 
the velocity-jump is determined by taking the accurate thickness-distribution 
into consideration. In fact, the thinner the blades are, the better is the approxi
mation of the velocity distribution calculated in this way. 
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To determine the blades an iteration process is proposed here. As a 
first step - as approximation of zeroth order - similarly to other processes 
[3) the blade surface of an impeller ,.,,-ith infinite blade numbers are calculated. 
This is necessary, on the one hand, because of the possibility of calculating 
the stream surfaces which are regarded as surfaces of revolution depending 
on the "blade load", on the other hand, because of the starting basis of the iter
ation determining the final blade surfaces. After the conformal transformation 
of the surfaces of revolution into the straight plain-cascades, the blade-curve 
is to be determined by iteration and, after fixing the blade thickness, the 
blade surface and the velocity distribution can be determined. 

The process makes the determination of velocity distribution in the 
interblade channels possible, before and beyond the impeIler, resp. 

The paper shows the design of a pump impeller, but the relations call 
evidently be used in the case of turbines or, by putting DJ = 0, in the case of 
stators, as well. 

2. Symbols used 

H= head 
Qe = fluid mass delivered by the impeller 

:; = number of blades 
r = blade circulation 
w = angular velocity of impeller 

1)" = hydraulic efficiency 
T. 'T.:; = cylindrical coordinates on the impellcr 

.;, I} = coordinates in the ~ plane in the straight cascade 
;;* =';I';~ dimensionless coordinate perpendicular to the straight cascade 

I, b = curved coordinates in the meridional section 
t = blade pitch in the straight cascade 

'Pt = 2:r/z 
'P~ = angle characterizing blade thickness 

ys(s) = vorticity distribution along the camber line, in straight cascade 
y,(~) = vorticity distribution along the coordinate axis ~,in straight cascade 

ii'(~*) = dimensionless vorticity distribution 
, f3 = blade angle 

{}n = blade thickness on the pressure side 
{}s= blade thickness on the sl.lCtion side 

Q, = radius of blade curve in straight cascade 
C = absolute velocity in the impeller system 

Cc = absolute velocity in straight cascade 
cm = component of velocity c in the meridional section 
Cu = component of velocity c in direction u. 

Cg, c7) = components of velocity cC 
cmk = velocity cm in the case of infinite number of blades 
cm~ = the correspondent of the velocity cmk in straight cascade 
c,= = basic flow velocity in straight cascade 
ci, = induced velocity in straight cascade 
cP7) = the correspondent of the velocity of rotation before the impeller in straight 

cascade 
ck7) = Ff2t 

Cll = component of velocity ci, along the streamline 
cin = component of velocity ci, perpendicular to streamline 

u. = peripheral velocity in the impeller 
u.7) = the correspondent of u. in straight cascade 



DESIGN OF MIXED FLOW IMPELLER 

It' = relative velocity in impeller w, = the correspondent of the velocity IV in straight cascade 
It'n = relative velocity on the pressure side of blade 
lVS = relative velocity on the suction side of blade 
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H'n' = the correspondent of the velocity ton in straight cascade 
w s , = the correspondent of the velocity lVS in straight cascade 
w[ = the correspondent of the relative velocity on the pressure side of the blade of 

infinitely small thickness, in straight cascade n': = the correspondent of the relative velocity on the suction side of the blade of 
infinitely small thickness, in straight cascade 

3. Fundamental relations. Determination of the impeller element 

With the known meridional curve (A, A) and the knovm breadth 
db (l) in Fig. 1, let us investigate the fundamentel relations required for the 
design of blading of the impeller element characterized by these "dimensions". 

The surface of revolution characterized by the meridional curve (A, A) 
is to be regarded as approximated flowsurface. Now the flowpattern on the 
surface of revolution can be transformed to a flow pattern on the plane C, 
where the blade row of impeller element with a number of blades z, will appear 
as an infinite cascade of blades, with pitch t [4]. Transformation will be made 
by the relations 

and 

zt 
1) = er 

2n 

T 

~ zt S dr 
!; = 2;z; r sin cS 

T, 

(1 ) 

(2) 

In the impeIler system the symbol C denotes the absolute velocity of the 
flow which is regarded as a potential one. Its conformal value on plane C can 
be calculated from the known .celation 

2m 
c,=--c. 

zt 

In the impeller system the continuity can be expressed as 

1 8 , 1 8cu d 
\'c= - - (cmr) ,-- = - cm-Indb 

r 8I r 8rp dl 

(3) 

(4) 

where Cm and c
II 

denote components of velocity c in meridional and rotational 
directions, resp. On plane C the same is 

8Cg 8c7] d vc, = -- + -- = - ce -In db, 
8~ 81') d~ 

(5) 

5 Periodica Polytechnica M. VI!4 
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where c; and cTJ denote components of velocity c; in directions of ~ and lj, 

resp. [4] 
It is evident from differential equation (5) that in straight cascade one 

must consider a flo·w with sources varying in directions ~ as well as 'Ij, because 
of c;(~, 1j). Nevertheless, experiences show, that acceptable accuracy can be 

1 

Fig. 1 

achieved by setting into the differential equation (5) the mean integral values of 

t 

cem (~) = + J cgdTj 

o 

t 

c7)m (~) = + r c') dl7 

in lieu of c;(~,J]) and c'I(~' 'Ij). 
According to [4] 

dQe 
c£m=--

ztdb 

c7)m =f(~) 

(6) 

(7) 

where dQe is the fluid quantity delivered by the impeller of elementary 
breadth db. 

This process holds for blading of impellers with "thin" blades, i. e. 
blades w-ith small thickness. In this case we can achieve a good approximation, 
if the effect of the blade thickness will be taken into consideration by the 
only "contraction coefficient" from the v-iewpoint of continuity. Consequently, 
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using the symbols in Fig. I, instead of equation (6) we calculate with the 
relation 

(8) 

where Cmk is the mean of ~eridional velocities of elementary impelIers in the 
case of infinitely thin blades, Cmk = dQe/2r ;;; db(l - cpg/rpt). 

Fig. 2 

In the straight cascade - in plane , - the flow will be generated in 
the conventional way, as sum of a basic flow and an induced one: 

(9) 

where Ci~ is the velocity induced by vorticity distribution placed on the stream
line carrying the singularity. The velocity of the basic flow - as reported 
[5] - can be determined from the sum of 

(ID) 

where C;m can be calculated from equation (8) and 

r 
c=--E-

fJ7J zt 
(ll) 

",,-here rp = 2rl n ClU and ClU is the component given by the prerotation at 

5* 
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inlet, in the case of infinitely large numbers of blades. Finally 

r 
Ck =--

7] 2t 
(12) 

where 

(13) 

denotes the blade circulation. Velocities of C;m, cp') and Ckry will bc regarded 
as positive ones, if they show (see Fig. 1) in the positive directions of axes 
~ and Yj resp., after the transformation relations (1) and (2) are used. The 
basic flow determined by Equ. (10) meets Equs. (7) and (8), resp. 

The induced flQ"w is generated by the vorticity distribution Ys placed 
on the streamline carrying the singularity (see Fig. 2). Let it be 

ysds = i'~ d~ = ~ y~ d~ = ry~ d~* (14) 
':)2 

where ;* = ~/~2 and I':(~*) are dimensionless values. Using the symbols of 
Fig. 2 and rememberi~g that ds = VI + tan2 f3 d;, so 

r 
,'s = --;:--;-;:::=====:=::::;0- y* (~*) . 

~2 VI + tan2 f3 
(15) 

The element of d; breadth of the straight cascade - it is in the fact an 
infinite vortex row of d r intensity which lies parallel to axis Yj and is charac
terized by coordinates of ;' and Yj' - induced velocity components of 

in point P(;, Yj). In the ahove expression <Jj and 1Jf are influence functions 
expressed [6] as 

2:r ~-E' 
_ e 1 sin 2n Yj - 1)' 

<Jj = ---------------
? ~-E' 
-"-1- 1]-1]' 

1 - 2e cos 2n - + e 

(16) 

t 
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and 
4;r!-;; 

e t -1 
p=---------------------------------- (17) 

2(1- 2e2'"'<~;' cos2n 17- 1]' 
~e 

Taking relation (14) into consideration the components of induced yelocity, 
parallel and perpendicular to the cascade, can be calculated in point P(~, 17) 
from the integrals 

1 

Ci~ = r J y!(;*')(/) ( ; ~;' I} - 1/ ) d~*' (18) 

4*'=0 

and 
1 

Ci7] = ~ J y!(;*') P ( ~ ~ ;' I) - 1/ )d;*' (19) 

;"=0 

An iteration process can be suggested for determining the streamline 
carrying singularity. To set up the process we wish to take two items of the 
process proposed by CZIBERE [7]: 

1. Approximation of order i + 1 can be obtained from that of order 
i in such a way, that the streamline of i + 1 will be computed as if the singu
larities were placed on curve i, then the streamline of i + 2 will be computed 
with singularities transmitted to the curve of i + 1, and so on. 

2. We prescrib e rela tions of 

(c·t)·ds. = (c .. ) .. ds·, 1 1 I I II [,.). IT 

and 

bet\,,-een the components (Cit)i and (Cin)i (relating to the arc element dsi as 
tangential and normal components) of velocity induced by singularities placed 
on the curve of i on one of the points of that curve, and, the correlate compo
nents of the induced velocity relating to the arc element dsi+! of the approxi
mation of order i + 1. 

CZIBERE prescribed the second relation only for the 'eigeneffect' 
- for velocities iuduced by their OVt'D. vortices of the investigated blade. 
However, no essential error can be made by extending the mentioned process 
to complete induced velocity for the sake of reducing the computation work. 
Consequently, payiug attention to the relation of ds = VI + tan:! f3 dg we 
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can write 
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1 + tan2 Pi 
1 + tan2 P'+l 

(20) 

(21 ) 

where Pi and are, respectively, tangent angles of approximations of order 
i, and i ...:.- 1 with axis ~. 

'7+--~~.f-;-~ 

'7,-t----:s:~ 

Fig. 3 

Denoting H,; = lJ. 2r=rjzt and taking into consideration, that i)i'i-l < 0 
the streamline equation will be (see Fig. 3) 

or hy taking Equ. (21) into consideration 

(22) 

(23) 

where (c;;L and (Cf'); are values computahle from the integrals (18) and (19) 
resp., at the point pertaining to the same value ~ of the streamline obtained 
as a result of the preceding iteration step. The streamline of order i 1 will 
be given from the integral 

l)f+1 J tanp;+1 d~ = ~2 J tanPi+1 d~* 
o 0 
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As an approximation of zeroth order we accept the streamline relating 
to the blading with infinite number of blades. In this case (Ci;)i=O and 

form can be used, or 

and finally 

(Ci7])i=O(~*) = ~ S Y'! d~* - c,,~ 
o 

- C fJ d-* 1li=o = £"2 J tan i=O ;-'. 
o 

(25) 

(26) 

(')"') '" { 

Using relations (25), (26) and (27) the streamline resulting in the zeroth 
approximation can be calculated. As soon as the singularities (the Ys distri
bution) will be placed along the mentioned curve, the approximation of first 
order can also be determined with the aid of expression (18), (19), (22) or 
(23) and (24). \Vhen transmitting the singularities to the curve obtained as 
the approximation of first order the iteration can be continued as long as the 
difference in approximation values of ordcr j and j 1 are negligible. 

With the aid of the above shown iteration process the streamline carry
ing the singularities - the blade curve i.e. the bladc of infinitely small 
thickness - can be determined along the surface of revolution (A, A) (see 
Fig. 1), that is along that approximate flow surface. The blade profile elcment 
can also he determined in the kno·wledge of function qJ;;/qJt = f(l) taken from 
relation (8), only the angle of qJ{}/2 is to be plotted on both sides of the blade 
curve. 

But the blade elemcnt determined by the above ShO\Hl method ·was 
related with a given - predetermined ( !) - surface of revolution and a given 
velocity distribution Cmk(l). On the basis of prac tieal experiences one can 
categorically assert, that either the meridional curve (A, A) (see Fig. 1), or 
the velocity distribution cmk(l) should not be taken by a "set of trajectories" 
assuming the potentional flow pattern. It is conceivable, that stream surfaces 
could make surfaces of revolution only when the blading is an infinitely dense 
one (or in a bladeless space). However, in this case the distribution of singular
ities cannot be discrete and surfacial, but continuous and spatial one. Inasmuch 
as the'said distribution has the feature containing vortex vectors with compo
nents perpendicular to the meridional plane, which is usual, so the surfaces 
of revolution (as approximate flow surfaces) are to be determined by con
sidering these components. Consequently, as an approximation of zeroth 
order the impeIler ",-ith infinite number of blades must be determined. 
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4. Approximation of zeroth order. Impeller with an infinite number 
of blades 

As a starting point of the iteration process (as an approximation of 
zeroth order) an infinite number of blading will be used. In conformity- with 
the task (Q, H, n) and the assumed vorticity distribution ')l, and further, by 
allowing the determination of stream surfaces regarded as approximate sur
faces of revolution, those as functions of the blade loading. 

Principal dimensions for the impeller can be taken in the usual way 
[8], [9], [10] for the accumulated experiences of engineering practice, which 

Fig. 4 

allows the determination of these dimensions even by the conyentional 
methods. 

With knovv-n principal dimensions we will determine the impeller with 
infinite number of blades, which gives the approximation of zeroth order. 
In the course of the processing we shall determine the vortex components 
perpendicular to the meridional section of the impeller with an infinite number 
of blades, on account of the meridional curves (surfaces of revolution obtained 
from the step of order i and of the distributions cmk(l) and further, from the 
obtained values we will compute the meridional curves of order i + 1 and the 
distributions cmk(l), resp. This iteration is to be continued as long as a negli
gible tolerance is reached. 

At first the impeller ,..-ill be disintegrated to partial channels (see Fig. 4) 
by meridional curves taken as is usual [11], in the meridional section of the 
impeller. At the same time the velocity distributions cmk(l) will also be deter-
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mined. With known meridional curvcs (I, H, IH, IV) defining the surfaccs 
of revolution, the transformations can be made by relations of (1) and (2) 
and, after fixing the functions of cpa/cpt = f(l) and I't(~*), the "blade curves" 
can be computed by relations of (25), (26) and (27). If the points of blade 
curves 'were computed for the same ~* values in the case of each surface of 
revolution and, if the computation were made with the same functions of 
1'[ (~*), then the points pcrtaining to the same ~* value lie on the same 
vortex line. In Fig. 4 one of these vortex lines is drawn (g). From this diagram 
one can see, that the component perpendicular to the meddional scction can be 
computed from relation 

b cos (0 + I,) .( _ , ) , 
F(I, )= - " tan E: 'V >,c b! 

cos I. 
(28) 

where the symbols arc those of the diagram. Here the vortex vector V X c 
lying on the blade surface has a component of (V X C)b placed in the meri
dional section, and directed perpendicular to the meridional streamline (H). 
The component can be determined at any point of the meridional section 
between the leading and trailing edges. This is the value of vorticity distri
bution, which affects the meridional flow pattern. In Equ. (28) the value 
I (V X ch I is that of the continuous vorticity distribution on one of the 
surface of revolution, which was prescribed by us when taking the function 
of 1';'( ~*). According to this 

':(\" . r z~ t 1'1 XC)b'=- --
I ~2 4n2 r2 

(29) 

where yi is the function of ~, consequently that of r on one of the meridional 
curves. With the aid of relations (28) and (29) the values of the function 
F(Z, b) at the various points of the meridional section can be determined as 
soon as the distribution yt is known. 

The 

and 

In the coordinates r, cp, z (see Fig. 4) 

(V'xc) = e _r _ --" . 
( 

OC OC. ) 
<P <P OZ or 

OCr OCr ~ OCr. ~ -- = - --COSu - --Slnu 
OZ 01 ab 

OCz = oCz sin 0 _ oCz cos 0 
or 01 ab 
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or by putting Cr = C sin band Cz = - C cos b 

(\-xc) =-e --+c-( 
ac ab) 

'P 'P ab al 

But from Fig. 4 it is F(r, z) = - (V' X c)q;, and so the vorticity of the meri
dional flow can be described by the differential equation 

ac 
ab 

ab 
c = F (r, z) 

al 

(see Fig. 4), or, along a preferred orthogonal trajectory b 

(30) 

(31 ) 

where H(b) = (ab/al)(b). Iteration process seems to be reasonable for deter
mining the meridional streamlines and velocity distribution cmk(l). To deter
mine the function F(r, z) 'I-e have to start out from the flow before 
and after the impeller, the set of meridional streamlines and the distri
bution Cmk (l) taken from conventional methods. Regarding this as an approx
imation of zeroth order of the meridional curves pertaining to the func
tion F(r, z). Kow, along the approximate orthogonal trajectories the approx
imation of zeroth other Ho(b) of the function H(b) can he considered 
as. known, and we mnst soh-e hut the differential equation 

Thc solution is 

or, because of 

dCmk I H () F ( ) 
dbTCml: ob = b 

- /Hdi. 
cm!; = e 

i. ;, 
b S H.,p - S Hd/. I' eO Fdi. + cmko e c, 

B b 

I' ( G) S Hdi. 
cm!;o J r I - ~ e 0 db 

, Tt 
o 

(32) 
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on the external streamline 

where 

and 

B 

~- Sr(b)Al(b)A~(b)A3(b)db 
2;,; 

o 
Cmlio = ----B;O;-----------

0' 

I' r (b) Al (b) A3 (b) db 

b -s H(l)di 

A] (b) = e 0 

311 

(35) 

(36) 

Along the orthogoual trajectory - or trajectories - the velocity dis
tribution Cmk can be determined by Equ. (33), (34), (35) and (36). Now the 
liquid mass distribution is given by the integral 

b b 

V' (b) = J r (b) Al (b) A~ (b) A3 (b) db -:- cm"o J r (b) Aj (b) A3 (b) db, (37) 
o 

Knowing this, in the case of partial channels of number k, the intersection 
points of the orthogonal trajectory and the stream-lines disintegrating the 
partial channels for delivering equal partial volumes .::lIp Qe/2;-rk, can easily 
be plotted. After carrying out the computation along several orthogonal trajec
tories, if we know the conditions of the potential flow before and after the 
impeller,* the meridional streamlines could be plotted and, after taking new 
orthogonal trajectories, the new functions H(b) could he determined. The 
process is to be iterated as long as no essential difference in values of the 
initial and the computed distributions appears. Thereafter, ·we have to check, 
·whether the values (28) of function F(lj b) do not essentially vary, otherwise 

the 'whole computation work is to be repeated. 
Arriving at the end of the iterations the meridional curves and along 

these the velocity distributions Cmk (1) are known, consequently those surfaces 
of revolution are available, which can be regarded as approximate flow sur
faces. In addition the approximation of zeroth order of the "blade curve" 
is also known on each surface or revolution - and on the transformed straight 
cascade. All data are available to determine the final blading. 

" .More general conditions of this kind, having the basis of measurements and experiences 
will be published in a future paper. 
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5. Determination of hIading. Computing velocity 
distribution 

After the approximation of zeroth order is available, the blading of the 
"impeller elements" pertaining to the surfaces of revolution can be determined. 
The course of computation was already mentioned in Chap. 3. In connection 
with this we have still to deal with the difficulties connected with the integrals 
(18) and (19). In both cases, at the point ~ = r i.e. ~* = ~*' integration of 
a discontinuity function takes place, for the influence functions in the said 
place are discontinuity ones and of infinite value, and for I't =1= o. 

In some ~* point the integrals will be computed by disintegrating them 
to sections. Let it be 

and 

where 

and 

or 

and 

r [ . c;~ = -r J 
o 

r [ , c;7) = -t- J 
o 

11 r f -. *' cr;; = -t- I'r lj)d~ 
=*_ .d;-* 
.,. 2 

r f YT 1Jf d~*' . 
!. Lf~· 
':>-2 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

Integrals (40) and (41) can be computed directly. When computing 
integrals (42) and (43) one must take into consideration, that if 2:r{ $-nit 
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and 2:t( ry-17')Jt were of small value, then 

- t tan I 

2n 1 + tan 2 f.1 ~ - ~' 
(44) 

and 

1 1 
----- (45) 

2n 1 + tan2 f.1 ~-f 

t ~ - ~' 
p""" - ---------

2n (~- n2 + (17 - r7')2 

With this 

d~*' 
(46) 

and 

d~*' 
(47) 

After substituting into Equ. (38), (39) and (46) or (47) Equ. (23), which 
gives the streamline, the form obtained is 

(48) 

where Cu can be computed from the integral 

~* - ~*' 
(49) 

The computation of the latter can be made without any difficulty. Because 

and .0;* is small, it is sufficient to consider the first three terms, and so 



314 O. FUZY 

The "blade sections" can be computed for any surfaces of revolution 
when starting out for the approximation of zeroth order. Knowing these, the 
very blade is also known and its vane pattern sections (i.e board and radial 
sections) can be determined 'without any difficulties in the usual way. 

,-,do: 

Fig. 5 

In the folIo'wing we shall deal with the method of determining velocity 
distribution. 

As a first step, we have to determine the velocity distribution around 
the blade of infinitely small thickness. With the symbols used in Fig. 3 the 
projection in the plane, of the relative "mean" velocity (when U'l = u2r:rjzt 
and Pi+! < 0) can be expressed as 

or taking into consideration Equ. (20) 

(50) 

where the positive sign refers to the suction side, and the negative one to the 
pressure side. In the following let us denote the first by w~ and the second 
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by 10:. Fig. 5 shows the element of a transformed blade section, which was 
sectioned out of the curvature centre of the curve carrying the singularities 
over an angle da. By determining the blade curve of infinitely small thickness 
on the plain ~ and plotting the measure of L1'i) = zt CPfl/4;r on both sides 
of the curve, the airfoil of the transformed blade section could be determined. 
There are kno'V-:tl or there can also be determined 17n(s), 17s(s), d 17n(ds, d {}s) ds 
and e~(s). Now, when these are known, the velocity distribution along the 
blade can already be determined with a good approximation. 

Considering the absolute flow as being a potential one \7 X w = - 2(0 or 
the component of vortex vector perpendicular to the surface of revolution is 

1(\7 X whl = 20) sinG. 

then 

If we prescribed the transformation 

2r;r 
w,=--w 

zt 

, . ( 2r;r )' ~ IV'Xwd = 2wsm6 -,.,-
~t 

(51) 

also holds and it can be determined along the curve carrying the singularities 
as well as along the profile. 

For the points S, P and LV resp. in Fig. 5 let us introduce the symbols 

resp. With symbols in Fig. 5 equations 

'd d 1 (: - I lV- S - 10 . S = - -\ xw,'p 
• n(. n 2' I 

and 

can be set down. After putting the values ds = Qc da, 

dSn = Q, da V(l -17 n/Q,r + (d{}nlds)~, dss = rh da. V(l + 17s/QJ~ + (d{}s!dsF, 

din = Q, da (1 -17n/2Q,) {} n 
and 

we obtain, that 

(52) 
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and 

(53) 

On the surface of revolution, that is at the points correlate with point 
.LV and S (see Fig. 5), the velocity on the pressure side can be computed from 
equation 

zt 
Wn = --U!n' 

2rn 

and the velocity on the suction side from 

zt 
10s = .. _- ws, -

2rn 

(54) 

(.55) 

The reported process affords easy way to determine velocities in whatever 
point of whichever surface of revolution: between the blades or before and 
downstream of the impeller. 

Velocities referring to any point P(~p,ljp) can be determined by putting 
in the Equ. (16), (17), (18) and (19) of; = ;P and 17 = ljp and the components 
ci;P and Ciryp of the induced Yelocity can be computed from Equ. (18) and (19) 
resp. Knowing these, can be determined without difficulties the components 
of absolute velocity, as 

zt 
Cup = -2--(cpr, + c"r, + Cir,P) 

r7C. . 
(56 ) 

and 

(57) 

as well as those of relative velocity, as 

(58) 

and 

(59) 
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Summary 

Paper presents an iteration process for designing mixed flow impeller or stator with 
thin blades, assuming the flow of an incompressible perfect fluid, Approximation is good and 
computation is relatively simple. As an approximation of zeroth order the blade surfaces of 
an impeller with infinitely numerous blades will be determined, then, preserving the flow 
surfaces of rotational form depending on the blade load, the blade sections ",ill be computed 
using the singularities method after conformal transformation. After the blades had been deter
mined, the velocity distributions along the blade, between the blades, or before and after the 
impeller could be calculated ,vith good approximation. 
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