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Abstract

An optimal design code for centrifugal pumps has been developed to determine geometric and fluid
dynamic variables under appropriate design constraints. The optimization problem has been formulated with a
nonlinear objective function to minimize one, two or all of the fluid dynamic losses, the net positive suction
head required and the product price of a pump stage depending on the weighting factors selected as the design
compromise, The optimal solution is obtained by means of the Hooke and Jeeves direct search method. The
performance analysis is based on the mean streamline analysis using the present state-of-the-art loss
correlations. The optimized efficiency and design variables of centrifugal pumps are presented in this paper as
a function of non-dimensional specific speed in the range, 0.5 < N, 51.3. The diagrams presented herein can

be used efficiently in the preliminary design phase of centrifugal pumps.
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Fig. 1 Meridional cross-section of centrifugal pump
impeller.
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Fig. 2 Flow diagram for design optimization,

Table 1 Variables and design specifications,

Design specifications
Q. H,N,

Design variables
D,,,/D,, ’ Dlz/Dz ’ Ds/Dz ' Dw/Dd ’ b!/bl ’ ﬂzt;' ® '
Z’Vu:/Uz

Dependent variables

D, =D, +0.03D,

¢l =0.010+0.001(D, - 6),
where cland D, are in inches.
L, =0.05D,

t, =0.006D,

1, =0.018D,

g2, =0.016D,

1, =0.016D,
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Fig, 3 Relationship between product price and impeller
volume.

Table 2 Design constraints.

Geometric variables
(1) 03sD,/D,<07% (10) 60°< B, <73°"

(2 04sD,/D,s08" (1) 5£Z <129
(3) 0.045b,/D, €02?
#) 12<D,/D, 513

() 075D, /D, $085
©6) 1.25b,/b,52.0

Fluid dynamic variables
(12) 025v,,/U, <06
13) w,/w, 14"

M 25° <P <s45° (14) Ah, 20
(8) 65° 5B, s80° (15) Ak, 20
® B,sB,sB, (16) Hy,, -3 Ak, 20
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Fig. 4 Specific speed and specific diameter diagram.
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Fig. 5 Pump efficiency versus specific speed.
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Fig. 8 Optimum design variables of centrifugal pumps.
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