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Design of Turbine Runner Bands
With Special Reference to High Speed Runners — Detailed 
Analysis of Hydraulic Conditions at the Band—Development 
of Simple Formula to Determine Angle of Band with Vertical

By JOHN S. CARPENTER
James Leffel & CompanyHydraulic Engineer,

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

Fs= [(r"2w*l2g)—(r'W /2g)]Ay

'T' HAT a detailed analysis should be made of hydrau ic 
JL conditions at the band of high speed runners wa 

suggested some time ago to the writer y ran v 
B. Fish, chief engineer of James Leffell &■ _ • 1 r- _
believed that the band angle with the vertica s ou 
increased quite a little ; he contended further that the band 
when so inclined would discharge more water y rea 
of its outward component. I his angle, to e lmina e p 
sure against the band, is coincident with tie iesu an 
the horizontally acting centrifugal forces an ie ver
cal pressure forces. . ..

Referring to Fig. i, and considering a s ice •
A and thickness dl, we have the following forces act ng 
The velocity head, the pressure head, acce era ion ue 
gravity, the pressure below the slice, centr uga ’
friction head, and suction head. . r f.

In the following formulae, A is the area m square tee ,
y, the specific weight of water per cu lc °T ’ ’ .
velocity of water in space in feet per secon , p, <
feet untransformed into velocity ; g, acce era i n

the point m question,
second ; e, the mechan-
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W+<gravity ; r1 and r11, radii in feet to 
to, angular velocity in radians per 
ical efficiency.

In this investigation we ,
than velocities in order to facilitate ma hema 
formations.

P Kw -Awill consider forces rather T\z\ H
\fforceDue to velocity, we have a

Ft = Ay(v*f'2g)cosQ ...........
acting yertically.

Due to pressure head,
Fv — AyHv.............................
Due to gravity,
Fw = (Adly/g)g= Adh ■■■■ 
Pressure from below,
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X—. \>■(iv) AFb = —Adhy .... 

acting upwards.
Centrifugal force,

Fig. No. 1

The total horizontal force is that due to centrifugal(V)Fe = (Adly/g)rw' .............................
acting horizontally.

Due to friction, which may be convenient v ex 
pressed as part of the total or static head, n«,

Ft = —AyHs(i—e) ..............................................
Due to suction : Due to the centrifugal force generated 

by the runner, especially at the band, the water is drawn

force
2h = Fo = (A dlr/g) r'w3 ..............

and the total vertical force equals 
2v= Fv + Fp + F w—F b—F r + Fa
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The tangent of the angle then, that the resultant of 

the horizontal and vertical forces makes with the vertical


