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THE DESIGN OF THE RUNNER VANES OF FRANCIS
WATER TURBINES

Pan LiaNe-yU CueENG CHE-MIN Tsoon WAaAN-sHIA

Liv Hst Cuvt Ting-Tay Wavne Li-11

(Institute of Mechanics, Academia Sinica)

ABSTRACT

Under Vallander’s assumption the stream surfaces in a Francis water turbine remain the
same with or without the runner vanes. The equation governing the flow in a thin sheen
between two adjacent stream surfaces is

&g . O . 10K 3P _

” L4899 —y
O’ 0z’ A Oz O«
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where ¢ and ¢ denate tue velocity potentizl amd the stcean function, # and 2 ace the trans-
formed coordinates and £ i the thickness of the thin stream snaface shect nnder consideri-

tion.

1

By the transformations, ¢ = J\/iz D and ) =
A
to:

V=0 and VI =y,

if —L(L-al) and (1- _‘;”E_)N are small by comparison with the square of the member of
dz \Ah dz A dz

runner vanes.

The flow around the vanes in a thin stream surface sheet was also treated by Vallan-
der, Kiselev: however, the relation between the flows in-two adjacent stream surfaces sheets
remains as yet unknown. In the present paper, the same relation is adopted to connect the
flows in adjacent sheets as in the Bauersfeld-Voznesensky's two dimensional theory, that is,
the citculation along the contour between any two neridianal planes and outside of runner
vittie 18 constant.

The solution is based on the method of singularities. At the end of the paper, the
vortex distribution function is discussed. It is found that the addition of a term corres-
ponding to the flow about a flat plate results in a definite angle of attack, thereby increases
load near the leading edge of a vane which may be desirable in certain cases. But the dis-
teibution function is necessarily improved further for a good design.

It is worthy to note that the present solution is also applicable for the case that %' is
not constant and small as assumed in Kisclev’s method, and that it would avoid the lengthy
computation as in Vallander’s method. Nevertheless, the Vallander's!' solution is more
accurate.

—— ¥ the pair of equations is reduced




