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Effects of the Balance Hole Diameter of an Automotive Closed Type Water
Pump on Hydraulic Performance and Axial Force
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Abstract : The aim of this paper was to investigate the fluid dynamic behavior of the automotive closed type water
pump with balance hole in order to evaluate and justify its overall hydraulic performance and, in particular to analyze
the effects of the balance hole on the reduction of hydraulic flow force of it. The analysis has been peformed by
applying the commercial computational fluid dynamics (CFD) code, Fluent, to the solution of the 3-D turbulent flow
fields of automotive closed type water pump. The reliability of the employed analysis was demonstrated by the
comparison between numerical result and experimental data. Although, hydraulic head of the closed type water pump

with 3mm diameter of balance hole decreased by 1.1%, axial flow force was effectively reduced by 13.3%, comparison
of it with no hole at design point.

Key words : Closed type water pump("2 #| & 9 & H ), Hydraulic performance(=2 4 5), Balance hole("2 2
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Nomenclature T :torque, N'm

Z :blade number, ea

¢ :tip clearance, mm ‘
D :diameter, mm 1 :ethiciency, %
F :force,N .
G :flow rate, //min Subscripts
H : hydraulic head, m a :axial
L :power, PS h :hole
N :rotational speed, rpm i :inlet
v : specific weight, kgf/m’ o :outlet
o :severity factor, - v :volute
t :thickness, mm s :seal leakage or shaft
w . water
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Fig. 1 The closed type water pump impeller with balance hole
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Table [ Basic specifications of the closed type water pump

No. ltem Unit Value
] C mm 0.46
2 D; mm 444
3 D, mm 54.2
4 Z ea 7
5 t mm 1.8
7 he mm 7
6 hy mm 13.5
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Fig. 2 Geometry of the closed type water pump with balance
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Fig. 4 Schematic diagram of test rig
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Fig. 5 Hydraulic performance for the balance hole diameter
(N=7, 140rpm, G=165 //min)
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Fig. 6 Axial force, flow rate into the balance hole or the seal
leakage for the balance hole diameter (N=7, 140rpm,
G=165 //min)
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Effects of the Balance Hole Diameter of an Automotive Closed Type Water Pump on Hydmulic Performance and Axial Force

(a) No hole

(b) H=3.0mm
Fig. 7 Static pressure(Pa) distribution on the hole center plane
(N=7, 140rpm, G=165 //min)
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(b) Hi=3.0mm
Fig. 8 Relative velocity vector(m/s) distribution on the hole
center plane (N=7, 140rpm, G=165 //min)
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Table 2 Severity factor for water pump balance hoe diameter
Hg 2.0 2.5 3.0 3.5 4.0
o 0.182 0.172 0.246 0.160 0.0
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Fig. 9 Hydraulic performance predictions for the closed type
water pump with balance hole (N=7,140rpm)
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