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A Study on the Volumetric Efficiency Improvement by Variable
Induction & Exhaust System in a Turbocharged Diesel Engine
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Abstract : In this study, a variable induction and exhaust system is applied to turbocharged diesel engine to

improve the volumetric efficiency, especially, in a low and transient engine speed range where much of the

pollutant matters are expelled out. The volumetric efficiency is known as one of the most important factor

which affects significantly engine performance, fuel economy and further emission and noise level. As the

torque increase with the engine speed up, the gas flow in an exhaust pipe become pulsating and then has an

effect on boost up capacity of air charging into the cylinder and expelling capacity to atmosphere

simultaneously. But at a low and idling speed, the pulsation effect was not so significant. Accordingly,

resonator was employed to compensate their loss. The variable induction system consists of the secondary

pipe, resonator, intercooler, and torque variance were examined with extended operating conditions. In the mean

time, for interpretation and well understanding for the phenomena of wave action that arising during intake

and exhaust process between turbocharger and variable intake system, the concept of the combined

supercharging was introduced. Some of results are depicted which deal with a pressure history during valve

events of induction process. Consequently, by the governing of these phase and amplitude of pulsating wave, it

enables us to estimate and evaluate for the intake system performance and also, designing stage of the system

layout.
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Table 2 specification of Turbocharger

Turbo model TDO3L-06G (Mitsubishi)
Turbine area 4.0cm’
Matching parts 4.8cm’

Blower rpm 205,000rpm

Table 3 Dimension of intake system

tistel 1 we) 7 1-?_.540 =9 e A Item Diameter(mm) | Length(mm)
Table 4 Fig.ol AH&E FAdol & YErRTH Resonator: 2460 cm” 48 440
Inlet of T/C blower 59 1700
. 360 + 410
ExH, GAS OUT ‘ Secondary pipe 59 360 + 290
o o | Primary pipe 39 354
Plenum: 2060 cm’ 97 280
Exhaust pipe 39 300
Table 4 Legend of intake system
Item Acronym
Non Air Cooling NAC
Air Cooling AC
Aii"' 10 s L Secondary Long pipe L
. - Secondary Shot Pipe S
I s Resonator Shut S
w 1 21 Resonator Open O
With torque 36.9N-m T3
1. Diesel Engine 2. Dynamometer With torque 56.5N-m S
3. Dynamometer controller 4. Primary pipes
5. Plenum(Manifold) 6. Secondary pipe - _
; 3. NEZEW U T

. Resonator 8. Controller

9. Intake surge tank 10. Laminar flow meter
11. Diff. transmitter for flow meter

12. Inter—cooler 13. Exhaust manifold
14. Exhaust Gas Turbo charger

15. Silencer 16. Exhaust surge tank
17. Rotary encoder 18. Terminal block

19. DAQ(PXI) system 20. Digital Thermometer
21. Flow meter for F.O.

B : Pressure transducer [ ] : Thermo-couple

Fig. 1 Schematic diagram of experimental apparatus

Table 1 specification of test engine

Item Description Specification
Type 4 stroke DI
Swept volume(cm”) 2591
Bore x Stroke 100 x110mm

Charging method Turbocharged with intercooled
Number of cylinder 3
Power 35kW(at 2600rpm)
Compression ratio 176
EVO 133 deg / EVC 375 deg
IVO 345 deg / IVC 576 deg

Valve Timing
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Fig. 2 Variation of measured volumetric efficiency
with engine speed and variance of 2nd. pipe

length, air cooling, resonator and torque
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Fig. 3 Variation of measured volumetric efficiency

with engine speed and 2nd. pipe variance
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Fig. 5 Variation of measured volumetric efficiency
with engine speed and air cooling, short

2nd. pipe variance coupled to resonator
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Fig. 6 Variation of measured volumetric efficiency
with engine speed and torque, air cooling
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