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Optimization of Engine Thermal Management System by Simultaneous
Application of FElectric Water Pump and Variable Flow Oil Pump

Heungsoo Yoon * Minyeol Ryu * Sungjin Park
Department of Mechanical Engineering, Hongik University, Wowsan-ro94, Mapo-gu, Seoul 04066, Korea

Abstract : In cold start driving cycles, the use of the electric water pump and variable flow oil pump for diesel engine
saves fuel and reduces emissions. The electric water pump and variable flow oil pump allow the engine coolant and
lubricant system to select the optimized operation condition. In this study, electric water pump and variable flow oil
pump are designed for engine warm up system based on GT-Suite simulation. Also, the designs are compared based on
the practical flow and temperature conditions of WLTP driving cycle.

Key words : Electric Water Pump(%1 7] 2] €] €] 3Z), Variable Flow Oil Pump(7} A+ %3 2 Y HX), VIMS
(A5 22 #2] A 2~ #), Engine Warmp-up(1 7 9-
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Fig 1. Overview of integrated VITMS model in GT-Suite
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Table 1 Engine and vehicle specification

Engine type 4 cylinder Diesel(Turbo charged)
Mass 1659 kg
Rolling resistance coefficient 0.02
Drag coefficient 0.36
Frontal area 2.6l m’
Maximum power 136.71 kW
Maximum torque 40.5 kgf'm

2.2. VIMS 22
22.1. 7|4 QEEE D

2712 $1¥ 3 Z(Electric Water Pump, EWP)
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Fig 2. Overview of electric water pump model in GT-Suite
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Table 2 Control strategy of Electric water pump

coolant temperature | coolant temperature
<86C 286C
200rpm 450~2000rpm

Pump speed
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Fig 4. Overview of coolant circuit model in GT-Suite
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Table 3 Control strategy of PCV(Pressure Control Valve) in
variable flow oil pump

Low flow mode
coolant < 0il (C)
on

Normal mode
coolant = oil (C)

PCV
Oil flow rate

Low flow rate
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Table 4 Control strategy of FCV(Flow Control Valve) in
variable flow oil pump

coolant < oil (C)
off

on

coolant = oil (C)
on

off

#1

FCVv
#2

Oil flow direction To oil cooler | Bypass oil cooler
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Table 5 Warm up time of coolant

coolant temperature 23 ‘C—>85C
Base 753s
EWP 620s 133s]
PCV Os -
FCV 839s 133s 1
EWP+VFOP 650s 103s |
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Fig 8. Heat transfer between coolant and oil in oil cooler
over WLTP driving cycle (ambient temperature = 23°C)
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Table 6 Oil temperature variation relative to base system

il temperature variation

EWP Up to 2°C  increased

PCV Up to 0.8°C decreased

FCV Up to 4°C  increased

EWP+VFOP Up to 7°C  increased
4 4 B

2 AFANAE A ¥zt
3 5gGARl Aloje] g3
& FHEH I Al EHIA &
]B-O]-Oi 2.0literg &% ¢

% S EWP, EWP+VFOP, PCV, Base,
A gl

WP+VFOP, FCV, EWP, PCV,
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