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ABSTRACT 

The ai4 dimensions of an amial turbomachine stage may be 
estimated to have a maximum hydraulic effeciency pefsgn 
formulae are obtained by writing the momentum equation for 
the rator end stetor of the mashine v  and by assuming that 
tae head Droduced at any section is proportional to the 
radius. The only variable has to be choser. i the mean 
vane emgie of the stator, zuch that the hydraulic effeciency 
is maximum, while the ather main dimension are calculated° 

INTRODUCTION 

An axial turbomachiT:e stage consists gminly of an axial 
rotor and a stator, It is of practical importance.to est-
imate tbe maim dimensions of the rotor r  as well as the sta-
ter to obtacin the test.hydrauli effeciency and performance. 
The oain dimensions haYe to estimated are the hub to outer 
diameter ratio v  the relative and absolute velocities angles, 
at the meafl radius, and the f rn and number of vanes for . • 
both the rotor and stator {' 	erein, the diameter ratio 
and the velocity triangles hale been estimated analytically 
to have the maximum hudraulic effeciancy of the stage.' The 
design calculations are assumed for :were whirl velocity at 
inlet and outlet of the stage. 

FUNDAMEWTAL RBLATIONS 

For two dimensional flow, the momentum equation v  for the 
rotor and stator Cascades, may be written aa v  [21 2 	.19 
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where j is the fluid mass density, 	is the relative velocity, 
is the absolute velocity, p is the. pressura, S is the flow 

area,and F is the fluid force. The volume flow rate Q is, 

S 	=fT ( 

be 
where c is the axial flow velocity, and anA;umed tocontant  a 
through the pumping atage. The subsoribte 1 and 2 are for the 
rotor inlet and outlet, while 3 is for the stator outlet. The 
hub and outer diameters are R and R 

It . o 

• Ast.Eming that the whirl component c 	= 0, and by using the 
geometrical relations given in -Pig. 	equation (1) may be ; 
written, a 
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; where cis the glide angle,[4]. The relations between the 
different angles of the stage may be given aa, Fig. 2, 
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Fig. 1. Axial Pump Stag 
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Fig, 2, Velocity Triangles at, Inlet and. 

Outlet of Rotor and Stator 
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The pumping head 

 

h foz. an axial stage is given by 

=( 	p) //Gg 	 ( 4) 
and by using 	2 and. 3, 
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(X 	c 2)) (5) 
kt&IN DIMENSIONS OF AN AXIAL FLOW' PUMP 

The average puming head H for an axis.). pmmp stage calculated in assuming. that 

the flow velocity e is constant for all radii, 
- the friction lossasare. negligible as compared to : 
Pin g 'head H, and hence the gilds angle 

- the head is a lin ar function of the radius R. That 
Kial*arat that the average pumping kLee,d is the head 
generated at the me an 1.-adita;,,,  R 7., (Rh+ R0 )/2. 

Then the average head H is, 
,. R o  

g. 	1..t iii 	1 	1 Isp In -- r a44041.indR 	 (6) R j Rh  
*riting the variables t mean. radius as 	sl X III  and by using Eq,, (5) , the average hea is, 1)72' 	a . c z 

H 	::: ------ tan T-i-  ( tan( 4-  g 	2 ( 	ra - c 	x _ , 
1)+tn( 	(7) 

ilOiliCh can be written as, 

= 	c2  / g a 

where X is constant , that depends only on. C 	j3 . 
The pump shape number-c- a  and the specific radius -A- are defi-ned as ?- 

• 	(9) (gHi3/4  

R (g 
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S 	 tituting for the flow rate Q, and for the eaial velocity 
a = :4)R / tan /6'. / 	 '( 1) 
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P is the dialneter ratio 
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• • 	• 

X1 	= 4,fitan2  / K 	 (13) 

'Similarly the specific radiva may be given as 

= K2 ( R i --a 2 	) 	/ 2 	(14) 

Where 	K2 = 1/4 	/ rT-- 	 (15) 

'Equation (12) gives the relation between the diameter ratio 
T and the shape number . The relative velocity angle Acan' 
!be given as, 	(cf. Fig. 2) 
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CHOICE OF THE ANGLES (Y m 	/3 m  

previous equations, it is obvious that the dialer 
io T an well as the °Jiter radious R may be estim- 
the angles x , and 	`are known. The optimum 
)6 may be found by aWsuming a reasonable value of 
ha
in 
 ve maximum hydraulic effeciency ?h.), and by 

tae propeller hydraulic effeciency to the vane 

:The hydraulic effeciency q h  is defined as the ratio between 
the actual pumping head, and the theoretical'. head of an 
ideal fluid, 

tan ( 6 m  a. c ) 

tan 13m + tan cc 

By neglecting the effect of the drag, and hence the angles 

-1 and 
c2, the condition for maximum effeciency is, 

ar05, 

tart2 cx. m  • 2 tan cal m tan f3 	— 2 

(17) 
and from which the choice of angles u• and 	is reduced 
to the choice of a' 0 The angle (x is Wsually chosen in the : 
:order of 43°  to have the optimal hydraulic effeciency. 

DESIGN PROCEDURE 

For an axial pump, of given flow rate Q, head H and speed n, 
the main dimensions may be estimated to have alp: maximum hyd— 
:Taulic effeciency h

. The following procedure As used, • 

1) Calculate the shape number -a' Eq.(9), 
2) Choose the angle tx to be in the order of 45°, 

to obtain the best"hydraulic effeciency.. 
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For a EkViain c 	the specific radiueeeas well 
as th diametell ratio T are calculated by using 
Eq,, 02 and 13). Hence theeradii 1R 	R are 
calculated. • 
The vane angle t.3 is calculated by using Eq.(17)0 
By using Eq.(2 sand 3)w-the angles.5-1 , 6,  2  andce2  
ean be calculated. 
N6WT  the velocity triangles can be drawn and the 
vanes shape can. be chosen ,[3]. 

CONCLUSIONS 

	

waIla di 	ions of an axial pump etage, (rotor and stator 
'may be estimated by assuming A llhear relation between the 
pumping head and the radiva of the rotor, as a function of 
:the pump flow rate, head and epeed. Oulyp the stator mean 
vane angle cx 1  has to be essumedj on base of maximizing the hyd-
raulic effevienoy. The larger the tengent of the angle the 
pest effeciency is obtained. By knowing the main radii and 
the velocity trianglee, the design procedure is completed by 
the choice of the vanes mhanea and numbers. 
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