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Effect of Supercharging using the Turbo Charger on the Increase of Pumping Loss
in High Boosted Single Cylinder Diesel Engines

Takuya YAMAGUCHI™

Abstract
In this study, an experiment is conducted using a high -boosted single cylinder diesel engine in which an externally
supercharging system is used to realize high boost pressure. This is a peculiar way of raising the boost pressure, unlike
the method employed for a practical multi-cylinder diesel engine with a turbo charger system. This study examined the
possibility of achieving high boost pressure using a turbo charger similar to a practical diesel engine. The results of one-
dimensional simulation revealed that high compressor and turbine efficiency is required to realize high boost pressure
using the externally supercharging system without a remarkable increase in pumping loss.
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Table 1 Engine specifications Table 2 Engine operation conditions
ificati Intake
ltem Specifications Ne q BMEP | P, P, A EGR e | e
Engine type DI single cyl. 4 valve temp. Ti, | rate
Displacement cm® 2004 rpm | mm®/st| MPa | MPa| kPa.abs °c %
Bore x Stroke mm 135%140 1000| 240 | 1.96 [200| 4313 [24| 20 0 |20]22
Max. engine speed rpm 2000

Common rail system

Injection system (Max. Pinj=220MPa)

Piston material Steel (Monotherm)
Compression ratio 22.0
Aspiration Externally supercharging
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Table 3 Calculation condition of compressor work

x—1
<%> o 1] Comp. inlet Comp. inlet Comp. outlet Gas Mass flow
W= 1 . R T, : temperature T: Pressure P, temperature P, | constantR | rate m.
B e K kPa kPa kJ/kg-K kg/s
(1) 295.7 95. 1 431.3 0. 288 0. 058
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Fig.4 Calculation result of compressor work

5.2 HRE2-ECHEOHE

CITHEHBERFI Y Y Y ORESIERBNEOFMFICBIT 2 EBRERE D LI12, BARZ Y Y VORI ANET 5L
ANVEDPS BRIV ELRT Y T Ly FOBEI 2R Y — C o W, & LTI I 2 EDSTRED &S b, ZOHET
YUY NVEBAE L. ¥ AR RCr 5k K5 ITRT L) PR Y — E Y AR B HER T A Okl
FHESR Y =R — v FIZ BT 5 EEBRFEE R 5 2015 2 Wtk %2 JANAF table® & ) ke 72,

VI/T =Mex " N1 ° (hiﬂ - haut) (2)

T/, BOEIRICBUT PR — € ADImER Tu=627. 4K, A7 A E &= (X m.=0.058kg/s Th 5. X6
PSS —E Y MEREDOZL L & — ¥ VIR OZLISH T AP —E W O~y 7 TH L. BUIROHAT -

=05 -
1.0- ! 1:=0-6 Turbine
! Work W kW
25
h;, [kg/s]
T, [K] & 0.8 20
>
o
H
2 15
me, [kg/s] £ 06
[}
W, =22?[kW] £ 10
=]
T oo04f
5
houe [ke/s]
Tout [K] 0.2 . ) 0

300 350 400 450 500 550 600
Turbine outlet temperature T, K
|

327 277 227 177 127 77 27
Temperature drop AT = (T;, - T, ) K

Fig.5 Schematic of exhaust turbine work calculation

Fig. 6 Calculation result of turbine work
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Fig.7 Single cylinder diesel engine model by GT-POWER
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Fig.8 Cylinder pressure of experiment and calculation result Fig.9 Cylinder temperature of experiment and calculation result
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Fig. 10 Calculation result of engine performance
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Fig. 11 Single cylinder diesel engine model with turbo charger by GT-POWER
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Fig. 12 Compressor map
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Fig. 14 Calculation result of engine performance with turbo charger model in the ideal condition
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Fig. 15 Total efficiency in the ideal condition
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