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OPTINMUM DIMENSIONS FOR AN AXIAL
TORBOMACHINE STAGE
. &
Dy. ALi G. Barakst” Dr. Ibrahim Saleh
ARSTRACT

The main dimensions of am axisl turbomachine stage way be
estimated to have a maximum hyvdraulic effeciency. Design
formulae are obtained by writing the momentum equation fox
the rotor and stator of the machine, and by assuming that
the head producsd at any section is proportional to the
radius. The only wariable has to be chosern iz the mean

vane angle of the statoyr, such thet the hydrauliic effeciency
is maximun, while the other main dimemsions are caleculated,.

INTRODUCTION

An axisl turbomachine stage consists mainly of an axial
rotor and & stator, It is of practical importance to est=
imate the mein dimensions of the rotor, as well as the sta-
tor to cbtain the best hydraulic effeciemcy and performance.
The main dimensions have to estimated are the hub to outer
diameter ratio, the relative and sbsolute velocities angles,
at the mean radius, snd the form and number of vanes for '
both the rotor and stator,, 1] . Herein, the dismeter ratio
and the velocity triangles have been sstimated analyticsally
to have the maximum hudraulic effeciency of the stage. The
design calculations are sssumed for zere whirl velocity at
inlet and outlet of the stage.

FUNDAMENTAL RELATIONS

L For two dimensional flow, the momentum equation, for the
!f rotor and stator cascades, may be writtem as, [2], Fig.l,

roter : PQ(W, - W, = P

stators Qe = 6,) = p S « () (1)

+ Mechanical Power Departement, Military Techmical College,
Kobry EBL Xobba, Cairo,
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: A
" where f is the fluid mass density, W is the relative velocity,

. € is the absoclute velocity, p is the pressure, S is the flow
" ares,and F is the fluid force. The volume flow rate Q is,

Q=8 cm { R Rh) e, )

o

wherse Ca is the axial flow wvelocity, and assumed to‘:;constant
through the pumping stage. The subscribts 1 and 2 are for the
: rotor inlet and outlet, while 3 is for the stator outlet. The
hub mnd @uter dizmeters are Rh and R » :

: Assuming thet the whirl component c g = O, and by using the
geometwrical relations givenm in Fig. -2 equati on (1) may be :
. written as,[3],
O.~2 & o T . £
Py = Py = fo_ tand,. tan (,Bm r‘!) -
2
pB = p2 = /Oca tml(xao tan (ﬁm“ 52) 9 (2)

: where € 1s the glide angle, [2&] . The relations between the
different angles of the stage may be given as, Fig. 2,

tan Bm = { tan ,31 & tan /32) / 2 ’

tan oc = { tan %, + tan 053) / 2 3

tanﬁi = ta.nB% % tanﬁz . (3)
p1 Rotg_r_ Pa Stator P

Fig., 1. Axial Pump Stage
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Fige 2., Velecdity Triangles at Inlet and

Outlet of Rotor and Stator
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The pumping head H for sn e#xial stage is given by,

H=(pjmpj)/f@ b * (4)
fand by using gﬁm 4 and 3, ‘ . |
cﬁ“ ‘ (
B = " tan %, (tan { ﬁm - ey J¢ tan (“m = ‘32)) (5)

MATN DIMENSIONS OF AN AXIAL FLOW PUMP

: The Bverage puming head H for an axial pump stage may be
calsulated in anauming that,

= the flow velocity ¢, i8 constant for all radii,

= the friction luaa@a&are_negligible 28 compared to
pumping head H, and hence the glide angle € ,

= the head is & linear function of the radius R, Tha
me&ns that the sverage pumping hesd is the head
g8nerated at the mean readius R = (Rh+ R )/z.

Then, the average head H is,

ﬂ 53 H {"5&“ } 3"%‘“\// HoRde e ‘ (6)

t

vriting the variables a£ mean radius as B;, E&ﬂ 52, E&e &ndv'

X,y and byzﬁaing Eq.{5), the average hoal is,
c

& . e — -
H =g tani, ( tmn(,@m w E,’)+tan(o‘m -€,)) (1)

whith can be written as,
. .
H =Kc? /g ’ (8)

Where K is constant, that depends only on « m Be

The pump sha e number -~ , and the specific radius A are dofiw

ned asg[3],

—

2 oa wig
(gn)" o B
-~ . _R (en)" ., | (10)
Ja

Substituting for the flow rate @, snd for the aximi velocity

Cp, =WwR / tan 5, e (11)
Eg.{9) gives, '

@

‘where T is the diameter ratio ( T=R. /R }; and XK1 is,

-

T = (¥ «0?) /(g1 4072 ) ' (12) _

L
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Ki = hﬂtan251 / k'3 (13) .
iSimilarly the specific radius may be given as,
: A aK2 (Kt +2%2) /2 (14)
vhere k2 = K'/* J xi(7 . (15)

‘Equation (12) gives the relation between the diameter ratio
T and the shape number - , The relative velocity angle f can
:be given as, (cf. Fig. 2), ' ’

A

tan f, = tan B+ tanc « (16).

CHOICE OF THE ANGLES @ _ , f_

From the previous equations, it is obvious that the diam-
eter ratio T as well as the euter radious R_may be estim-
‘ated if the angles « , and S_ are known. _The optimum
value of 8 _ may be found by a@buming a reasonable value of
_x_, (to have maximum hydraulic effecilency 7h), and by
=reTating the propeller hydraulic effeciency to the vane

angles. :

¢

‘The hydraulic effeciency 7, is defined as the ratio between
the actual pumping head, and the theoretical. head of an

zideal fluid,

tan ( Bm-81)+¢ux(xm-62)

In = ‘
tanﬁm + tanocm

By neglecting the effect of the drag, and hence the angles
'61 and Py the condition for maximum effeciency is,

67/%3; & O
= tanzﬁ - tanzoc + 2 tan_.tanf8 e 2
m ‘m m ]

- | | (17)
and from which the choice of anglesx wand [  is reduced
~to the choicg of x . The anglecr - is Usually "chosen in the

‘order of U45° to hllve the optimull hydraulic sffeciency.

DESIGN PROCEDURE

.For an axial pump, of given flow rate Q, head H and speed n,
the main dimensions may be estimated to have & maximum hyd-
‘raulic effeciency'7h.’ The following procedurs &s used,

1; Calculate the shape number > , Bq.(é). o
2) Choose the angle x_ to be im the order of 4%,
. to obtain the best™hydraulic effecilency. '
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3) For a givsn x » the specific radius -~ as well
as the diameter ratio T pre calculated by using
Eq. (12 and 13). Hence the  wadii R, and R_ are

. (- . 3 . . o
. calculated, , :

L} The vans angle B, is calculated by using Eq.(17).

5) By using Eq.(2 afid 3), the angles 5., g, and«

: ‘ il : 1 2 2
can be celeoulated,

6) Now, the velocity triangles cam be drawn and the
vanes shape can be chosen, [3],

CONCLUSTIONS

Jhe main diwmensions of aun axial pump stage, (rotor and stator)
way be estimated by assuming a linear yalation between the
 pumping head and the vradius of the rotor, &8 a function of
the pump flow ratse, head and speed, Only, the stator mean
vane angle O _ has to be assumed, on base of maximizing the hyd
rauiic effec%encyg The larger the tangent of the angle, the :
best effeclency is obtained. By knowing the main radii and
the welocity triangles, the design procedure' is completed by

- the choice of the vanes shapes amd nuwbers.
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