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Contribution to Axisymmetric Flow through Turbomachines

By St Pmrovid and V. Simowovid

Tntroduction

A1 analysis has been made of incompressible axisymmetrie How in turbomachines. The
flowficld is developed for a preseribed velacity distribution along one arbilrary streamline. Fach
cariable is expressed as a series in Lherms of the steeam funelion and fourth order terms are
retained to give an accurale solulion, The equations of blade surfaces are deduced. Tor the ease
of conslant intake energy (hey are reduced Lo a parlial differential equalion which can be casily
solved as an ordinary dilferential equation, The flowtickl is illustrated in an example.

Development of the Flow Equations

liuLek's equations in Lame’s Torm [ot the steady [low in terms of axisymmelric coordinates

are
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where 7 and £ are radial and axial coordinales, ¢, and ey velocily components in Lhe /- and -
dircctions respeclively, e, tangenlial velocity, ¢ densily, and F,, I, and I, are lorces acling on
Lthe particle of fluid. In sleady axisymmetric flow, Lhe continnity relationship is Lhe necessary
condition lor the cxistence of a stream function g and the assumplion of irrotational flow in
meridian planes insures thal a velocity polential ¢ exists. Lel ¢ and y be the independent variab-
les and the Jacoptax of the iransformatiou is nol equal 1o zero in the region of interest. The
continuily cquation, the condition of irrotational flow, and [Kqualions (1), €2) wund (3) may b
wrilten as
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where ¢ and g are Lhe coordinates, ¢, metidional velocily and d ils direction (the angle between
the velocities o, and &), 1t is desirable that these coordinales have unils of length, and therefore
new coordinutes & and # are introduced, which are defined as follows {1]
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In these equations ¢, , is the meridional velocily distribution along the reference line r = F(z),
and €y, = constant whose unit is lengthjtime. By transforming Egquations (4)—(8), the form
becomes
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The equalion of the blade surfaces for axisyummelric flow may be writlen ns
(15) wE ay — K8 — ),

where (8, ) s any function, K is a constant, and €y —= conslant delining one blade. The forees
of blades are
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where A(E, 1) Is any [unclion of & aud .

The energy equalion is
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where o =~ constant showing the angular velocily of the runner, and @(y) funclion of j; only.

From Equations (i(}]—(W) by c]mmnlmo’ the blade forces Fe, g Fy aud pressure p, and
inltroduecing the dimensionless variables
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where I - conslanl represenling any radius, becowes
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To oblain a solution of the differeniial equations (20) and {21) cach of the unknows will be writlen
in terms of series
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The omission ol higher order terms lmplu{"; that the flow \arlableb can be deseribed by fourlh
order polynoms. This is hased on the physical situation, and justification can e abtained hy
comparison with experimental resulls.

By equaling Lhe cocfficients of like powers of i, 1he fullowing are found:
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The initial bowndary condilions are specilied on Lhe relevence streamline 4 — 0 with 7 — £,
¥ — o, I - oy and § = (5. Fo oblain Lhe solulions of other variables, Kquations (22),
(23} nnd (24) are Lo be solved. Yor Lhe case ol conslanl intake energy @0y - 0, the syslem of
equalions is reducid to
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Fauation (31} is sutistied when fis any Tunction of geouly, £ - fize). Then the system of equalions
s reduced Lo Rgualion (32), which can be inlegraled as an ordinarvy differential equation.

Meithod of Solution

The dimensioniess cqualions (203—(28) ave expressed ws functions of fp, F, and their
derivaiives wilh respect Lo £ For Lhe given houndary condilions, Hy and F are preseribed.
These Tunclions are represented by polynoms wilh coefficienls delermined by the square root
method, Streamnlines are given by conslanl values of 5. One s free to selecl a particular value
for 3 und Lo solve Lhe equations for F and 2. using Lhe values of the coclficientls previously
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IMiwe. 1. Banulary copdilinns Fig. 2. Flowfield
determived. This varyiog Lhe & values gives, Lhe streamline }
for whichy = constanl. This meLhod has been programmed
for an cleclronic digilal ecomputer. e
I
Resuelis gi
The Mowlicld has been computed for the prescribed ;
funclions as given in Fig. 1. The results ol calenlation are
shown in Figs. 2 and 3. Apn ELLIOTT 803 ecomputer in i ok om ,aL,
- - TR . L] - . — —Gs -
the Computer Cenler of “lnergoprojekt”, Belgrade, has * »? <
been used for all caleulations. Fig. 3. veloeity distribution
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