SrFaHEetw & - B AL =2F, Vol. 4, No. 2, pp. 61-65 (2014)

Copyright © 2014 ICT
ISSN : 2233-8667

Flow Analysis of Water Pump for Clean Disel Engine Application

Dongju Lee * Taeyoung Kim * Mun Soo Chon’

Dept. of Energy System Eng., Korea Nat’l Univ. of Transportation, 50 Daehak-ro, Chungju-si, Chungbuk 380-702, Korea
(Received 2014. 11. 07 / Accepted 2014. 11. 24)

Abstract :

Pressure distribution around rotating impeller blades in centrifugal pump has been main issue for design of

efficient and high performance automotive water pump. In addition, pressure losses of inlet water pipes should be

considered to reduce additional pressure drop and design high performance engine cooling system. In this paper,

pressure distribution inside water pump and pressure drop between inlet and outlet of water pump are investigated

numerically to design plastic water pump for clean diesel engine application. And the inlet geometry of water pump was

considered to analysis the effect of inlet water pipe geometry on pressure distribution around impeller blades and outlet

pressure. The prediction results are compared with experimental data to validate and determine optimal operation

condition without water pump cavitation. Major design parameters such as blade angle, volute geometry, system

pressure, and coolant flow rate are considered to confirm applying possibility of plastic blades to the clean diesel engine.
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Fig. 1 Geometry of impeller blades and a volute for the
flow analysis of an automotive water pump
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Fig. 3 Geometry of inlet pipes for flow analysis

(b) Case 2
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(a) Case 1
Fig. 4 Geometry of assembly pump

(b) Case 2

(a) Impeller blade (b) Voulte
Fig. 5 Computational mesh inside the water pump

(a) Case 1

(b) Case 2
Fig. 6 Computational mesh of the inlet water pipes
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Table 1 Working conditions of coolant

System pressure 0 bar
Coolant temperature 90 °C
Coolant water

Table 2 Properties of coolant

Liquid density 965.3 kg/m’
Liquid viscosity 0.001 Pa's
Vapor pressure 3,610 kPa

Vapor density 0.0245 kg/m3

Air contents 2.3x107 mass fraction

Bulk modulus 2.15x10° Pa

Table 3 Operating conditions of the water pump

Engine speed (rpm) Flow rate of coolant (L/min)

2,000 243.9
3,000 265.7
4,000 279.8
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Fig. 7 Streamline and pressure distributions along the inlet
water pipes at the engine speed of 3,000 rpm

Table 4 Flowrates and pressure drops along the inlet water
pipes at the engine speed of 3,000 rpm

Flowrate Pressure drop (kPa)

(L/min) Case 1 Case 2

Radiator 122.2 7.5 4.1
EGR/Oil cooler 54.9 12.4 2.7
Heater core 353 7.0 4.7
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Fig. 8 Comparison of pressure distributions inside inlet
water pipes (left: case 1, right: case 2)
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(e) 350 L/min

() 400 L/min

Fig. 10 Comparison of pressure distributions along the
volute with variation of coolant flowrates
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