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Abstract

The present study has tested semi-empirical loss models for a reliable performance prediction
of mixed-flow pumps with four different specific speeds. In order to improve the predictive
capabilities, this paper recommends a new internal loss model and a modified parasitic loss model.
The prediction method presented here is also compared with that based on two-dimensional
cascade theory. Predicted performance curves by the proposed set of loss models agree fairly well
with experimental data for a variety of mixed-flow pumps in the normal operating range, but
further studies considering ‘droop-like’ head performance characteristic due to flow reversal in
mixed-flow impellers at low flow range near shut-off head are needed.
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Table 1 Specifications of HD pumps.
Impeller Vaned diffuser
Pump Parameter* Z Z Ns
Inlet Outlet Inlet Outlet
Diameter 242.2 383.8 411.1 351.8
HD-1 Width 118.9 104.7 119.8 352.7 5 7 578
Blade angle 70.5° 59.1° 66.0° 4.8°
Diameter 280.1 408.8 463.0 436.4
HD-2 Width 171.4 124.6 139.6 133.1 5 7 800
Blade angle 67.0° 59.8° 51.8° 7.9°
Diameter 197.0 252.3 273.5 272.8
HD-3 Width 98.2 104.5 101.9 108.0 4 7 1047
Blade angle 63.4° 60.2° 39.2° 11.8°
Diameter 439.0 564.9 603.7 630.0
HD-4 Width 213.0 234.0 239.3 238.6 4 7 1083
Blade angle 65.5° 59.7° 36.4° 13.7°

(* lengths in mm)
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Table 2 A recommendable set of loss models for mixed-flow impellers.

Loss mechanism

Loss model

Reference

Entrance loss

2
Ahent fent 22,

where f,,, depends on inlet configuration.*

Rathod and Donovan‘®

Incidence loss

Dhine=f e W’“
where f,-nc—0.5~0.7**

Conrad et al."?

Diffusion loss

Ahair=0.05D3U%/ g

Coppage et al.*V

2
dhy=2C,p0
Skin friction loss Jansen®®
where W= Viet Vot Wi +2 Wi +3Wa
8
& Vel 4x [ rt—1rh } ]12 (12)
Clearance loss Ahe=0.6- b, {sz,{Z a7 Vuz Vinim |V Jansen
P o 1 /1-5wake*b* )2 1/22 (13)
Mixing loss Ahmix= Ty s — g Johnston and Dean

Separation loss

* W

Ahser= fsep( W, 14> p

where fsep =0.61

Present (Equation (2))

Recirculation loss

Ahrc frc f'Slnh(35a'23)Df2UZZ/g
where f=8x10"°
frc:0.54

Present (Equation (5))

Leakage loss

QC[UCIUZ
Ahlk“ ZQ g

where
U01:0.816v ZAPL‘I; 0

- PQ*{Vz V= (1 Vi) m}
AP 7,75,

_NTr B‘:b1+bz
2 7 2
QCI:ZTELBUC[

~l

Aungier®

» This paper uses ‘0, 13’ considering the impeller inlet curvature and diameter of four model pumps.

«x This paper uses ‘0, 6" which is a loss coefficient in order to consider the difference of the tangential
components of impeller inlet relative velocities.
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Fig. 3 Comparison of experimental and calculated
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BT e dst ARk
< ofv] gk,

t]

4

slel ke o

2 el

h=}

214 - AR T
30 L) 1 L) T L L T L L] L] L] L] T ¥ L] L] ¥
3 O Experiment ]
25 F b
-
~ 20 - o o -
é - 0 0 o J
v 15} 4
g - -
x
10 | 0 L
[ — ﬁ-w-&ﬂ(ncommonded) .. b
S = fepm0.7(optimum - E
. Sarka fgrpﬂmpdlz)“ .
0 3 3 N | 1 1 I 4 ] N I I 1 .l 1
] 4 8 12 16 20 24 28 32 38
Volume flow (r/min)
Fig. 4 Comparison of experimental and calculated
head for HD-3 pump.
20 L3 1] L] T T L] L] L] L] T T L} L]
L O Experiment |
15F p
o
- | o i
E ° o
g w0} L
T
- 4
S5F —— s-p-om ucommlndod) 1
——  fep=0.55 opﬂmum
R Sarkar(for Impollar E
0 3 4 i i n L d S N | L i )
0 20 40 80 BO 100 120 140

Volume flow (m/min)

Fig. 5 Comparison of experimental and calculated
head for HD-4 pump.
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Table 3 A set of loss models* for mixed-flow
pump vaned diffusers.
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T .
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