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Abstract : One of the major engine thermal management system(TMS) strategies for improving fuel economy is to
operate the engine in high temperatures. Therefore, this work performed a numerical and experimental study to examine
the effect of several different STOs(Starting Temperature of Opening) of wax-thermostat, ranging from 85 °C to 105 °C,
of gasoline engine on fuel economy and emission characteristics. In this study, a gasoline car equipped with wax-
thermostat was tested and simulated under FTP-75 and HWFET mode. CRUISE M™ was used to simulate vehicle
dynamics, transient engine performance and TMS. The test results showed fuel savings for both drive cycles due to
higher STO of 100 °C, which is slightly worse than that of 90 °C and amounts between 0.34 and 0.475 %. These
controversial results are attributed to experimental errors and uncertainty. The computational results for three STOs, 85
°C, 95 °C and 105 °C, showed that fuel savings attributed to the application of higher STOs of 95 °C and 105 °C are
relatively small and range from 0.306 to 0.363 %. It is also found that the amount of HC and CO emissions from the
tailpipe tends to decrease with higher engine coolant temperature because of faster catalyst light-off and improved
combustion.

Key words : Vehicle thermal management system(VTMS: 2} 5 & #2] A 2=8ll), Coolant(*Y Z}t<7), Thermostat(=
Z471), STO(7N ¥ =X), Fuel consumption(FC: 15 42H] &), System level vehicle model(A] 2= %) & ¥l X} 2312 2l
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Table 1 Specifications of the test vehicle

Port injection
2,360 cm’ / 143.7 in’

Fuel delivery

Displacement

Bore/Stroke 88 mm/97 mm
Compression standard 10.1:1
Max. power (ps/rpm) 177/6,400

Max. torque (kg.m/rpm) 23.4/3,900
Fuel consumption (km/1) 10.1 km/L
City / Highway combined 8.5/13.4 km/l
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Table 2 Test results of fuel consumption and emissions under FTP-75 mode for different STO

STO / Test mode CO; (6]0) NOx HC CH4 NMHC THC FC
(g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (mil/g)
FTP (1% 354.859 1.16668 0.01085 0.02128 0.00683 0.01452 0.04263 24.878
100°C | FTP (2™ 353.077 1.17780 0.01680 0.02172 0.00664 0.01515 0.04351 24.997
Avg. 353.968 1.17224 0.01383 0.02150 0.00674 0.01484 0.04307 24.937
FTP (1% 353.627 1.26940 0.01292 0.02179 0.00738 0.01447 0.04364 24.948
90 °C FTP (2") 351.611 1.19406 0.01292 0.02709 0.00838 0.01880 0.05427 25.098
Avg. 352.619 1.23173 0.01292 0.02444 0.00788 0.01663 0.04895 25.023

Table 3 Test results of fuel consumption and emissions under HWFET mode for different STO

STO / Test mode Co, co NOx HC CH, NMHC THC FC
(g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (g/mil) (mil/g)

HWFET (1) | 211.624 | 0.865640 | 0.00689 | 0.00684 | 0.00295 | 0.00392 | 0.01371 41.660

100 °C | HWFET (2") | 209.552 | 0.859810 | 0.00716 | 0.00689 | 0.00265 | 0.00426 | 0.01380 42071
Avg. 210588 | 0.862725 | 0.00703 | 0.00687 | 0.00280 | 0.00409 | 0.01376 41.866

HWFET (1) | 209.280 | 0.887720 | 0.00373 | 0.00903 | 0.00434 | 0.00472 | 0.01809 42.115

90°C |HWFET (2")| 209.433 1.09133 | 0.00647 | 0.01613 | 0.00667 | 0.00952 | 0.03232 42017
Avg. 209.356 | 0.98952 | 0.00510 | 0.01258 | 0.00550 | 0.00712 | 0.02520 42.066
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Fig. 7 Thermal management topology for the coolant circuits including heat transfer through the solid structure of the cylinder block
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Fig. 9 Temporal variation of coolant temperature for various STOs
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