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Availability Analysis of Waste Heat from Exhaust Gas in the High EGR Rate
and High Boosted Diesel Engine

Takuya YAMAGUCHI*' and Mitsuteru MATUSMURA *!

Abstract
In heavy duty diesel engine, waste heat recovery has attracted much attention as one of technologies to improve
fuel economy further. In this study, availability of waste heat from the heavy duty diesel engine which is applied
HPL-EGR system and LPL-EGR system was evaluated based on second law of thermodynamics. And then, the
maximum potential of waste heat recovery for brake thermal efficiency is estimated in each single-stage turbocharging
system and second-stage turbocharging system. As a result of estimation, the maximum brake thermal efficiency by
waste heat recovery is 54.8% and 52.2% in second-stage turbocharging system.
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Table 1 Engine specifications
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122x150

Max. engine speed rpm
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Injection system

Common rail system
(Max. Pinj=220MPa)

Nozzle mm

Minisac 0.173%8-155°

Piston material

FCD

Combustion chamber
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Compression ratio

17.0

Swirl ratio
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EGR system

HPL & LPL EGR system

After treatment

LPL-EGR
cooler

LPL-EGR IEI

valve

=

Back pressure
control valve

5 3
8 8
2] o
o 14
Q Q
o w
I g
o o
I a9

Inter cooler

Fig.l Schematic of engine system
(Single-stage turbocharging)
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Fig.2 Schematic of engine system
(Second-stage turbocharging)
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Table 2 Fuel properties for test Table 3 Experimental conditions at full load operation
Category Properties Category Properties Single-stage turbocharging Second-stage turbocharging
Dinsity 15 °C glcm® 0.8279 | Elements C 86.0 Ne BMEP Pb EGR rate| BMEP Pb EGR rate
Kinematic viscosity 30 °C mm?/s 4.147 mass % H 13.9 o o
Flash point < 760 R - rpm MPa kPa % MPa kPa %
Cetane index (JIS K2280) 613 N <04 600 0.85 12.5 19.8 1.42 83.2 202
Cetane number 57.4 Components ~ Saturates 82.9 800 1.24 62.0 25.5 1.85 154.8 27.2
Distillation IBP 180.5 Vol. % Olefins 0 1000 2.08 167.7 25.4 242 230.5 259
deg.C %% | 2125 Aromatics | 171 1200 | 215 | 1794 | 237 241 | 2487 | 230
10% | 229.0 Mono- 15.8
50% | 2875 Di- 10 1400 2.20 201.3 24.5 242 257.9 20.3
90% | 337.5 Tri- 0.3 1600 2.04 183.0 30.6 213 202.4 21.0
EP 362.0 Gross calorific value kJ/kg 45890 1800 1.87 154.8 237 1.89 187.9 218
Suffer mass ppm CI oo 43020 2000 | 170 | 1466 | 206 172 | 1704 | 178
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Fig.3 BMEP and boost pressure with engine speed Fig4 EGR rate and fraction of HPL-EGR with engine speed
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Fig6 Waste heat and availability at turbine outlet Fig.7 Turbine inlet temperature and turbine outlet
with engine speed temperature with engine speed
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Fig8 Waste heat and availability at HPL-EGR cooler Fig9 HPL-EGR cooler inlet temperature and HPL-EGR

with engine speed cooler outlet temperature with engine speed
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