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The Energy Analysis of High Expansion Cycle
in the High Boosted Diesel Engine

Taro SUGINO*!, Takuya YAMAGUCHI*!

Abstract
Geometrical compression ratio € and excess air ratio A are the important factor for brake thermal efficiency. In this
study the effect of geometrical compression ratio €, excess air ratio A and Miller cycle on brake thermal efficiency in the
high boosted diesel engine were conducted by heat balance analysis based on first law thermodynamics. As the result of
heat balance analysis, geometrical compression ratio € was the optimum around e=22~26. And excess air ratio A might
be optimum around A=2~3
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Fig. 1 Engine process (e = €. and Miller cycle)
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Table 1 Engine specifications

Item Specifications
Engine type Dl single cyl. 4 valve
Displacement cm® 2004
Bore x Stroke mm 135%x140
Max. engine speed rpm 2000

Common rail system

Injection system (Max. Pinj=220MPa)

Nozzle mm Minisac 0.177x%8-150°
Piston material Steel (Monotherm)
Combustion chamber Shallow dish
Compression ratio 18, 22, 26, 30

Swirl ratio 1.4

Aspiration Externally supercharging
EGR system High pressure loop

&

Fig. 4 Appearance of the high boosted disel engine Fig. 5 Hydraulically variable valve timing system
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Fig. 6 Shape of combustion chamber
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Table 2 Engine operation conditions (.= &)

——Intake (¢,=¢,) ==Intake (¢,=18 £,=22)
Ne Q EGR soc|evo|eve | volve =|ntake (¢£,=18 £,=26) Intake (¢,.=18 £,=30)
€ A rate €€ | a —==Exhaust
rpm | mm®/st % | deg | deg | deg | deg| deg 14 |
[ 18] 18] 18] 1.0 12 7 \
[22] ., _ 22| 22] 1.0 £10 —]
1200 120 &2 4] O | TDC| 180 | 361 | 361|540 261261 10 58 ’ \ |
30 30| 30| 1.0 = ’ \ I \\
2 6
3 | |
- / \
Table 3 Engine operation conditions (Miller cycle) 2 i T \\
0 —
Ne Q EGRIsoc |Evo |Eve | vo | Ve 0 180 360 540 720
€ A rate €| €| a TDC BDC TDC BDC TDC
3
rpm | mm>/st % | deg | deg | deg | deg| deg Crank angle deg
1 18] 361 | 361 | 540 181 1.00
22 361 | 361 [ 599 22|1.22
1200\ 120 |5e12~4| 0 | TDC | 180 o rasrei 18 eT T ag Fig. 7 Valve lift curves
30 361 | 361 | 628 30(1.67
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Fig. 8 Brake thermal efficiency
(e=e., A=2,3,4,e=18, 22, 26,30)
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Fig. 9 Heat balance in e.= &, Fig. 10 Exhausr gas temperature

(e=e, 4=3,&=18, 22, 26, 30) (e=e., A=3,&=18, 22, 26,30)
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Fig. 11 Averaged in-cylinder temperature
(e.= e, 2=3,e=18,22, 26, 30)
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DS TIE e=18D 5 DIL. 5% IZHARL 8% L T 5. ZTHUEKIIRT &) 12, RITEMI z & o &R
FTAHZEIZL VPR AMENME T § 25720 Th 5. LLEOERIY, AT OB RIZHE > THESIE R IS 2
bOO, BMTHMEILE e=225 D) bKRE T2 L@GHHRLIIIMN U IERBRZRIMET T2 2 L2, FREMe & F
MR e DFE LW A 7 )V TIRZEGGEFIER 1= 3, RMEHIL e =220 54 TR O IERBGIEN R o T2 EE
AHN5.

5.2 IT7—HYAU7IIIHITHIERER

BlI21E 3 7 —H A 7 )VIZBT 5, EMERI T 2 BB (BTE) 23§, IERBGDERIZZ BRI A= 3,
BATHEREIL e =228 X WM e=260 5 T4 4% b E <, e=18DFRMTD39.8% 2L 6%F\>. T 72, ARIEM
e EAMBRL e DF LT A 27V EFERIZ, EORMEMGILIZHB VT ZBLUBRER A= 3 DR TILRARH )
El b, EBABFIE A= 4 DFRMETIE, BMEMILZ e=228 ) PR L T EIERBRIRPRE (T L, 1ER
BAPHILRITEHGL e = 30D 5 Tld e=18D 5 & D H\38.7% & % o 72,
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Compression ratio €
Fig. 12 Brake thermal efficiency 0%
(Miller cycle, A=2, 3, 4, e=18, 22, 26, 30) =18 £=22 €=26 =30

Fig. 13 Heat balance
(Miller cycle, A=3, =18, 22, 26, 30)
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Fig. 14 Averaged in-cylinder temperature
(Miller cycle, A=3, e=18, 22, 26, 30)
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MZBWTO YR Dy OBRBEEOREZ D722 L2 L 2MEI O R SV ORI L o THEBEAEML T b
EEZOLND., 3T A7 IVTIE, IERERIEISRAIEMGIL e =260 5128 VT4 4% L 2 ), @EDOF A 7 )iz
0. 9% 5 < 7 1) AL e =220 LR UME E e o 72, ZHUTANEIRIL e # A30EHiLe. LD HRELT S
TEICEY, ENTEE Y AREAMET LCREOY A 7 VI ARG EIRIA2. 3% A L 72 2 & R MR LSS 0% KT
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100% r 100% r
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Fig. 15 Heat balance (=2, 3,4, e=22)
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Fig. 16 Exergy balance (1=2, 3,4, e=22)
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Fig. 17 Heat balance
(A=3, e=22)
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Fig. 18 Averaged in-cylinder temperature and in-cylinder pressure
(A=3,e=22)
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BRIEKE V.

(3) HATEMEILE =180 e=22108L 38, ARERIL e % IKT 5 2 & TIEBRBMFEOYUENSMHRTE /2, #
e % e=22L VR E C LA, WHEBRCHESIRN, HMIRL L SIS 5 2o EREG T s h
v F7e, BEBEIEEEO D LS HIRRIER S NS SHERIRR R WA RSN T 5 720, BEGBREIE A=
350 M0 T b IERBRRICHE RBE RO NGt o 72 BITERI e =300 X 9 2 8\ BT M 0 45 T U,
HHUEAA NS 2 5 72O IERBGIF Y E SNV 2 L5, BRI ¢ 222500 2 ORAA LT L b RS,
NROYEICEDN D LIRS W LA 5o 7.
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