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Design of Turbine Runner Bands

With Special Reference to High Speed Runhers—De;ailed
Analysis of Hydraulic Conditions at the Band—Development
of Simple Formula to Determine Angle of Band with Vertical

By JOHN S. CARPENTER

Hydraulic Engineer, James Leffel & Company

HAT a detailed analysis should be made of hydraulic
conditions at the band of high speed runners, Wa}i
suggested some time ago to the writer k;\}/][ F?il;h

B. Fish, chief engineer of James Leffell & Co. Mr. s
believed that the band angle with the vertical shou g
increased quite a little ; he contended further that the ban
when so inclined would discharge more water oyl Teasad
of its outward component. This angle‘, to ehmmaﬁe p;e;
Sure against the band, is coincident with the resE. an g
the horizontally acting centrifugal forces and the verti-
cal pressure forces. 4 ;
geferring to Fig. 1, and considering a slice thia;ea.
4 and thickness dl, we have the following forces ag gto
The velocity head, the pressure head, acceler_atIOnl fl:)?rce
gravity, the pressure below tkile slice, centrifuga )
friction head, and suction head. . 3

In the following formulee, 4 is the area in Square fffsé
7, the specific weight of water per cubic O(I){t’ zéad 3
velocity of water in space in feet per second; Fir, Hh it
feet untransformed into velocity; £, acceleration du¢ e
gravity ; ' and 7/, radii in feet to the point lf}ll queeséllq(:m:
w, angular velocity in radians per second ; e, the m
ica] efficiency.

In this investigation we
than velocities in order to fa
formations.

Due to velocity, we have a force

Fr=A7(0)28)COSQ +voovrrrsrmnarnsarerritrecs
.acting’ yertically.

will consider forces rather
cilitate mathematical trans-

Due to pressure head,
FD= A'VI‘ID ..................................
Due to gravity,
Fw=(Adlv/g)g=Adly ..iccov--: »
Pressure from below,
Te ey, 1) e | B S AR B R L O
acting upwards.
Centrifugal force,
Fo=(Adlyjgyrap® Voo oiiionle s vipslomis gmas aresmen
acting horizontally.

Due to friction, which may be
Pressed as part of the total or static head, Hs, WD)
Tt Ay H S ) G R it o v ¢ 0 SRR

Due to suction: Due to the centrifugal force generated
by the runner, especially at the band, the water 1s drawn

conveniéently ex-

into the runer with an artificial pressure which may be
expressed as a force of

Fa=[ (" w2 g)—(rl w2 g Jldvis o3 sabanii i (VII)
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Fig. No. 1

The total horizontal force is that due to centrifugal;
force

Eh: Fc:(ldl‘)’/g) Vl‘ll’)a ....................... (VIII)
and the total vertical force equals
Sv=Fv+ Fn + Fw—Fvr—Fr+ : Ky e BRI IS (IX) !

The tangent of the angle then, that the resultant of
the horizontal and vertical forces makes with the vertical’



