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Hyeon—Seok Shim*f

Key Words : Meanline analysis(*H 751 S141%), Centrifugal pump(&+E32), Specific speed(P]<E), Loss model(£=4 2 g), Design
of experiments(& %72 5)

ABSTRACT

This study presents an improved one-dimensional meanline analysis for predicting the hydraulic performance of a single-stage
centrifugal pump. The basic model for the meanline analysis is derived from the Euler equation, defined by the velocity triangle
and the Wiesner slip factor. Empirical coefficients from the loss models proposed in previous studies are listed and selected
as variables for calibration. Latin hypercube sampling is employed to generate multiple sampling points to calibrate the
coefficients in the loss models. Three centrifugal pumps with different specific speeds are selected, and the relative errors of
the head and efficiency values obtained from experiments and the meanline analysis are calculated to quantify the prediction
model's accuracy. The optimal combination of loss model coefficients that minimizes the mean square error between the
experimental values and the meanline analysis is determined from the sampling points. The reliability of the methodology is

demonstrated by showing that the predicted values for head and efficiency are within 5% and 10% error ranges, respectively.
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Table 1 Selected loss models and coefficients

Loss model Equation Coefficient
Incidence loss A wi, ¢
(Conrad et al.'V) ine = Cine g e
Lz ’U)Z
Ahg = A -
of Dy; 29
Skin friction loss where ) — Cyf c
(Zhang and Li"?) Re*® v
Db Dyb,
Dy, = }
Impeller W= b, +7wD, ' Zby+wD,
loss ;
Ahy = ¢y
Blade loading loss
(Coppage et al."?) where o
ppag : b . 0.75g H,y/u
70wy (wy/w)l(Z,/7)(1— Dy /D,) + 2D,/ D,]
Internal Wake mixing loss 1 T—e, . — b\ v?
2 Ah = wake 2 Eoute
loss (Jonston and Dean™) "M 1+ tan’ey €unke 29 "
Meridional dump loss .
. ARy = Cpap Vi ¢
(Aungler(3)) d iPU3 md
2
T3V3u 1 .
Ahy = cigp " (1 SPZ),SP>1
Tangential dump loss ryv3 1
. Ahy= N (- —5)%8P<1 an & ¢
Volute (Aungier®) = ewr, S0 ) o e
loss where 5P = —2
T4V
Skin friction loss Ah Lp((vy+v,)/2)° c
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. & ¢
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External loss kpa . { (T )5}
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Preparation of dataset
pump model and performance curves

Problem formulation Design of experiments
Euler equation, slip factor, selection of design points using LHS
geometric parameters and initial loss model
_ Loss calculation
Define internal loss for head |4 | using Euler head and selected coefficients
set empirical coefficients and their ranges T
1‘— Verification of solution
. calculation of MSE in comparison with
Define external loss for efficiency | |, experimental data
set empirical coefficients and their ranges
| —
Final solution

| Yes

Fig. 3 Calibration procedure of empirical coefficients in loss

models
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Table 2 Specifications of centrifugal pumps

B RES 24 5 9

Model A | Model B | Model C
Volumetric flow rate [m*/min] 2 3 4
Head [m] 43 27.8 212
Power [kW] 20 17 14
Rot. Speed [RPM] 1,780 1,780 1,780
Specific speed 150 255 360
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Fig. 5 Comparison of predicted performance curves with
experimental data: (a) Model A, (b) Model B, (c) Model C
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Fig. 6 Variations of MSE with number of sampling points
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Table 3 Ranges of loss model coefficients and calibrated values
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Volute | Cu 0 025 | 050 | 0.4
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Cra 0 35 | 70 26
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