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Abstract : Cold start driving cycles exhibit an increases in friction losses due to the low temperatures of metal
components and media compared to the normal operating engine conditions. These friction losses are adversely affected
to fuel economy. Therefore, in recent years, various techniques for the improvement of fuel economy at cold start
driving cycles have been introduced. The main techniques are the upward control of coolant temperature and the fast
warm-up techniques. In particular, the fast warm-up techniques are implemented with the coolant flow-controlled water
pump and the WHRS (waste heat recovery system). This paper deals with an effect of fast ATF (automatic transmission
fluid) warm-up on fuel economy using a recovery system of EGR gas waste heat in a diesel engine. On a conventional
diesel engine, two ATF coolers have been connected in series, i.e., an air-cooled ATF cooler is placed in front of the
condenser of air conditioning system and a water-cooled one is embedded into the radiator header. However, the new
system consists of only a water-cooled heat exchanger that has been changed into the integrated structure with an EGR
cooler to have the engine coolant directly from the EGR cooler. The ATF cooler becomes the ATF warmer and cooler,
i.e., it plays a role of an ATF warmer if the temperature of ATF is lower than that of coolant, and plays a role of an ATF
cooler otherwise. Chassis dynamometer experiments demonstrated the fuel economy improvement of over 2.5% with
rapid increase in the ATF temperature.

Key words : ATF warmer/cooler integrated with EGR cooler(9] 7] A|<=3k W2h7] A A8 A5 47 2 714 7]
/Y87Z¥7), Fast warm-up(5 & 918 <), Waste heat recovery system(¥ & ] 4= A2~ ¥l), Fuel economy improvement
(A9] &)

Nomenclature T/S : thermostat

. . . WHRS : waste heat recovery system

ATF  :automatic transmission fluid W/
. . . water pum

EGR  :exhaust gas recirculation putmp

LPM : liter per min, /min L=

—_

Temp. :temperature, °C
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Water cooled ATF cooler
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Fig. 1 ATF flow diagram of conventional system

Heater core

Fig. 2 Coolant flow diagram of conventional system
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Fig. 3 Schematic diagram of water cooled ATF cooler
experimental setup
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Fig. 4 Schematic diagram of EGR cooler experimental setup

Table 2 Experimental conditions of water cooled ATF cooler

Fluids Flow-rate Inlet temperature
ATF 3/7/10/15 LPM 110°C
Water 10/20/30/40 LPM 80°C

Table 3 Experimental conditions of EGR cooler

Fluids Flow-rate Inlet temperature
Exhaust gas | 60/80/100/120 kg/h 500°C
Water 10/20/30/40 LPM 80°C
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Table 4 Specifications of the test vehicle

Items Specifications
Engine type V6 E-VCT(EURO-4)
Displacement volume 2,959 cc
Transmission Auto, 6-speed
Vehicle weight 2.03 ton
Max. power 180.1 kW

:Differenﬁzlpressuretransducer| Auto transmission |

(T) : Temperature sensor (RTD)

—: Coolant flow

---»: ATF flow
By pass
[Wr TS g
1 Engine
o @ ©

Fig. 5 Schematic diagram of vehicle experimental setup
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Fig. 6 Performance of water cooled ATF cooler (rig test)
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Fig. 14 ATF pressure drop of ATF cooler (idle)
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Fig. 15 Test condition (FTP-75 mode)
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Fig. 16 EGR gas temperature of EGR cooler (FTP-75 mode)
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Fig. 19 ATF temperature of ATF cooler (FTP-75 mode)
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Table 5 Test results at FTP-75 mode

System NO, (g/km) |CO; (g/km) |Fuel economy (km/¢)
Conventional | 407 | 2167 12.399
system
New system 0.305 211.2 12.7151
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