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A Study on the Response Performances under Transient Operating
Conditions in a Turbocharged Diesel Engine
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Abstract

This study describes the response performances of actual engine speed, turbocharger speed, air
mass flow rate through engine, boost pressure ratio, exhaust temperature and combustion
efficiency for a six-cylinder four-stroke turbocharged diesel engine during the change in operating
conditions by using the computer simulation with test bed. In order to obtain the transient
conditions, a suddenly large load was applied to the simulation engine with the several kinds of
inertia moment in turbocharger and engine, and engine set speed. From the results of this study,
the following conclusions were summarized. The inferior response performances was mainly
caused by turbocharger lag, and air mass flow rate and boost pressure ratio were closely related
to the turbocharger speed. A reduced moment of turbocharger inertia resulted in less transient
speed drop and much faster recovery to the steady state of the engine. The increase of moment
of engine inertia reduced cyclic variation of engine speed. When a large load was applied to the
engine at high speed, the engine could be fastly recovered. However, when the same load was
applied to the engine at low speed, the engine was stalled.
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Fig. 1 Schematic representation of simulation model

2ol 4
71 e AAHYTF g

(5) F7|win L5
2wt K FHon,

Heck 10% =k

21 E7|gt 7t™

7)o dAzide] A=A5E s A8
€ A4 A F - elo] Alaweld b,
=, &%) vl S 228%& s, 7
ol 713 Ay dolH 3% o] &3t AF A4
Sefell Ao Z1Rd5E HA A F 44 o
A

E4HY 2AL AE A%Y $424 FEASL
Tahofof e,
2 Aol del e 4AY Hd4EE ¢

ol Z1oll 10°KPag] #3517} z2H8-319& 724,
gqte-g 101.3KPa, &7 4=u& 1.013,
71gt5 & 110KPa, =% 206K, vi7] &= &
500K, A+ &E82 100%, 21249 4538 0, o
84 YA+ A Ro] 27 AAAHY e
A8t @
g=9.25X10"*X Nc+0.185 (1)

o714 New 7\3he] 27] slA& 5 o)},

HeAes EHAE o]l&3te s 2 F
Hapr) A (2) ok ol Alzkel whe} HE3l=E A
stod A4b3ATh @

I%W__l%
DL

£ )N ofy

Py= X Ty+ P; (2)

AA HEse F3(Pa),
., Pre UF A AAF
S5 7k(sec), Tre 13
€ AlZelth & AlE ol dANE

Za7| 7ol 225% 7]3HE time stepo.2 A (3)
o, ALHe F3ot vE A

A A Q) #AAU] e

3714, Pae 73l

1y

It
3
1
5
N

A71A New, Neze S22%9)
Ze 4%H 4 o=,



s daslde s

() 714 El’ﬁﬂ

o\m

JMEEaE 71HEY
939 A=A 713
s Hez 344"

)

(=]

p=]

7,200(L:—La)
nZ ]E+]L)

NEZ—/;VE12+

7 e,

714 LgLate 7]

olx, [p& 713

F3oll web Folx)

472 A% AL

ETEPPIENENES P
Le—Li=K (P;— P;,—Pa)

4714, ] BF Fags, P sl £
*4%*’ P A4 Al HEE G
2 A(2)elA -‘H&D}. K2 o ot=s3 g
Aot
2) A"y 37 %
E Al Edlel oA W
3lPemg gt g-‘,L_Q. 9}
Zotz Bgton, %7]&@3 3] o
Ay o7 ex R 70K,
%J‘Ei—‘?—u]' 10% &=, i7]ﬂ]
7Hst e, whebA Abel &
F FABINIT a2 o
_ KNP PoVaZ.
" R(T+4T)
714 P 9bE7] ¢hEv),
713 gHE o,
AeHE e d8H 919 sB
Sz A of7)AE A (8) 7 7o) AatEly

R

L

T

P!

rlo

foboax

el e o oo

v
Lo

P& Z%4H, Ne

A

CERESS

R 5 9’1
o},

=K

120 (8

714 ¢gv A8 A, KT A5oldh

1577

dmbf

_B[ dmw‘] +(1 B)[def]

(mbf)p=1—(1“2'bc"’)cm
(Mmor) a=1—€xp(— Car* 0,°%2)
AN mpe Aad A,
Zbola, Ha p de AEF A
m, fE AAdieo] bl JEF
fs]-l:}-

e

e AR ALAR, x
W7 ol A oA g24 BAlzuls
1% HA%so] ek 4PAoz HAE *0—7—01
W, e A dEgEA FrdR6l B
FAEZRH w7y sof Faigich, ©

A7 A o=

=

L

KX
15

{k5—1)/xs
Pr=yrnisCos T5| 1 — [%] :l . (14)

4714 A 5,6

ERREEE
Aereast 7
A%t FUE Aol gle
sb 7ol EAHE

Bl Q7 278 A

o} gk 7))ol Al 2]
oz o, Has s
=2 3 41923y o

0 r &](m—l)/m_— ]
— fn—1 L{P] 1T
ra= s | P \(Fs=1)iks (15)
Nre ¢ ko1 -1—<?5> ]Ts




1578 A -

A7 A 12e ¢4F7]) 479 £7E el

o, 71, gce B 9 4E7)e SdE2e A
oli, (P/P), (B/B)¥e &7 ot=vlel gul
Y Zu) o]},

2 dTedAE 45719 L] g 1.40,
B8l 7o vyl g 1.3022 7FAFg e
Lol &xule P4l HUEEFE g 4

ol_g__a_}_oq E]HJ j_% %X&‘/ﬂ}_i“?‘a '?.—6_}'91;}'-

U_ NT.

X

ol P: (ks~1)/ks ] [1/2 (16)
sfecarli (AT

g7l Ue Edleol=d &5, Ce wWri7st& &4

2y dA34£= R HulY 9, Nre 3F

7 HA4Eodh,

2) #4371 A&

HF7) 5ol A&l 44 Ear oy ¥R
o k7] o wlej®] uhAtel 4% Eaete] A2
A ohg Alst Zo] FAlEH,

Ny _

dr (17)

%%(LT—LC—LM)
9714 It 37 BYERERZ SPHS5o| T,
L= 882983, L 4%7] §553, Ly
£ wjoied 8 ob EAE Aol

webd, Fu A Fe] 2gs] HA SEE e
o2 AR,

NTZ=NTI+'—3—?—(LT_LC_Lbf) Ty
Tir

F271% EAebe B/LEe A5e 4EA] &
pg aAged 437 2 2

R R i R
Tk
Tr= Tl[l +%[%“H”“’—1ﬂ (19)

AN Tk 57 7LE,
2xole,

d, 437154 HUEA A2 oy
AN ozt thest o] EAh,

(e1—1)/ k1
) _1]_1_
7e

T 457 87

P2

Pe=mCnTh (?1 (20)

o144
24 x#7|9 BESH

(1) 454 94

2 A7l AEH 247k wdA 2472 o
29 45 /B9 87 HALEe A4 P@E

=she] Aol ulelehe B42A g3t ol EA
e}, o

d 1 el
= B Na=No) + K —g (21)
A7 e &7 A4, Ke A4, & A=

g YA elet,

3. ¥g J|u
2 A7 Ax sl HE3 AL A
F¥ 35715 2 4397 AT JBozA 7
# 9 AF719 F8A49L Table 13 2o},

4.1 7| 4 3g7ie I ME

Fig. 20| A Fig. 574#]& 1800 rpme 2 AHA-EA
Z<l vl BEAF A el F3E 0.1 MPad
A 1MPaz# 2tz7) "3 3E A, 7133 3
7] 3A4E, Fxeqhde], Frlae A=A

ol g A4 H Ad A3E ek Aol

L

o] Axgolld B ule} o] A=A} A4t
H¥ch 25 o7k A FAEF Haged, o
Fapagel] og dAEA A Aoz 4%
22

Fig.2e] #7]
Al 7ke] Fig. 39] 712
=, Fig. 3¢ 7|¢ 34
F743 "dolxctrt e 1
Zshe] wjek 3zelA 44

Fig. 4¢] H~E g}y
o 124d= AHA F F7F s gled,

42 nZ7| AMIHES Fa|

Fig. 6ol4 Fig. 97421 71 sAdE=71 1800



Hazg HAsige A= Ad4 SEATl 3 A7

1579

Table 1 Specifications of engine and turbocharger

Engine model
Combustion chamber

Four storke, turbocharged diesel engine
Direct injection

Number of cylinder 6

Bore(cm) 12.5

Stroke (cm) 15.0

Piston displacement (cc) 11040

Compression ratio 15:1

Fuel injection timeing[BTDC] 2471

Fuel injection pressure (MPa) 24.520

Initial trapped pressure (KPa) 101.325

Initial trapped temperature (K) 296

Moment of engine inertia (kg-m?) 4.88

Moment of turbocharger inertia (kg.-m?) 4x10™*

Governor gain constant 0.085
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