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An experiment of turbocharging mode switching on a two-stage
sequential turbocharging diesel engine
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Abstract: Aiming at the performance deterioration of the turbocharging mode switching process of a two-stage se-
quential turbocharging (TSST) diesel engine, a test of turbocharging mode switching was carried out on a modi-
fied TSST diesel engine test platform to investigate the influence of engine load and delayed opening time of intake
switching valve (ISV) on the switching process. The test results show that the TSST system can reduce fuel con-
sumption rate in the full range of operating conditions, and the switching boundary of different turbocharging modes
is set at 65% load with the goal of economic optimization, which can also be broaden based on the consideration of
emissions and switching redundancy. As the load rises, the amplitude of boost pressure fluctuation increases during
the switching process, and the degree of sudden change in exhaust pressure increases, resulting in the more seri-
ous speed fluctuation of the diesel engine. By delaying the opening of the ISV at the outlet of the high-pressure stage
compressor of the cut-in branch, the performance fluctuation can be minimized. Under different loads, there exists
an optimal delayed opening time of the ISV, which is the time when the pressure before and after the valve is equal
without backflow in the compressor, and the optimal value is shortened with the load increases. Through the opti-
mal valve delay control, the surge and backflow phenomena of compressor are significantly alleviated. The de-
crease of speed fluctuation can be up to 82.47%, realizing the smooth switching of different turbocharging modes.
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Tab.l Main specifications of the two-stage sequential
turbocharging diesel engine
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Tab.2 Main instrument model and precision of test

equipments
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Fig.1 Schematic of the test bench
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Tab.3 Steady state test conditions of the TSST diesel en-
gine in propulsion characteristics
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of intake and exhaust
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Fig.6 Effect of load on the fluctuation of boost pressure
during the switching process
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Fig.8 Effect of load on the fluctuation of diesel engine
speed during the switching process

S P 8 1T IR 71 /3 B iE) 3 1] 35 F2 A 820
PR AR B S B TR AR A Y, 2 AR
kI AR R U0 32 | DU e g Aa Y. 2 i 1] 4 ol
P S PR3 SCUI R X533 ), HESCRE R E8T
Sy ELF AR S LIRS ME AR WAL, Al i D) 48 i 4iE
R FF I B ] AT 5] A 23 32 A3 R SR SR e A T A,
I R AR U 5 [ 1 e S LR S 4, St
38 A A 4 2,

B 97t 65% ffar %A 1992 r/min T0L R A
(7] ] T 43R T e B [ X 4t sl AR 1T O R T e
M), JB T RE 3R TS Bsf [ Ay e AR A48 ) T O o 2 g 22

23

< 160}
B 120p ] Ssemeee
%0 HER SN 0.1 s JER ] 0.3 5
—\ 1200 £
- 4160 =
¥ z N 1120 B
“HER AN 0.9 s FERAFE]Y 1.1 5 <0 ol
g 200
= 160 '_\éf—\/___
B 20} ,
S go LLi ERA I 1.7 s~ P AR FIK 2.3 5
0 2 0 2 4
i} 8] /s
— HRYBEEET o ISR Z)

- = RO R T

9 MIMERFFFE BN ER IR, FEDBRN
Fig.9 Effect of the delayed opening time on the pressure
before and after the valve during the switching

process

B, Y UES Y010 28R TF e Rl e, 1T TR S
JE 2238 K EY AL S HP, (R SR AR, 181
H 5 RIS G AT 2 B e — B [ AR R, 2
i TAER T R, VDA S2 HP, (RS HLE T
JEFTEIAE] HARKE R 0, 19034 2E0E S 2ot
RE IR TCTEI I, IRAHLE & A B RGR. R30 N
W T 1 AT 25 , %o i e 44 s e s Jl AN T 338 11 4t
F. L, PRI R IR T s ] e s K R
T3 A T 4. 4 i ) SE 3R T J B
28 0.9 B, ML A MR 5 503 14 i) 1] BH g 45
K, Y8R e VIS R s IR) P9 Rl R A2 2 H AR

DL 65% t7q7 . 1992 r/min ¥ B, AT
HESR T S B[R]0 U) 46 e R 10 Sl i 82 1 5 i) 20 €]
10 PR, YT TER B HAE 0.1 ~ 0.9 s Y Fl 3 m
B, AL RE S B (B0 /D, BRITTHG L J5 R B
Pt ARRZS. B R R e A R T R btk
AR, e A sl B R R AR, YT TR TS
Bl K, RASAHLA AR RIZ AR, 15 A o 2 HES
REEPC, PP sh IR Rl = 8 K. 7R ] 4E3R i [
H0.9s BRI, F P SR EERER A 2.7 t/min, 5
i 1T RIS AR E 82 T 12.7 t/min.

T
~ 16§54 I
= €143 | -
E ot ! 114 =i
= ! 7112
il sl ®9.1 1
E ! 6.3
= A
= i 58
= 1 Gl .
w4 29 1 748
¥ SR
0 1 1 1 1
0 0.5 1.0 1.5 2.0

HEA Y45 1R L3R TT 5 I 18]/

E 10 1 1ER IS B R X Y14 2 5 i iR shiE A Y S5 0

Fig.10 Effect of the delayed opening time on the ampli-
tude of fluctuation of speed during the switching
process

Tty xS R B AU S 3R 7 /3 B 1) B 5 )
11 AR fer b4 T 11T SB35 s TR0
I VR J5 s ARSI [B) R0 72 R SEE 3R T S B
N TN YA AR E R E R =S Y 2
FOEMEMIZRAET 5 SOZE i LI 1 AR T I ) 1]
At , B

M:iMﬁ )

s A, Ry FEAHLICAE i ik A 1 1) 43R T J5 N 6] 5

SR HE S T J IR S LG A A R
VR IR THE R T i (e % D) AR L RE U Bh

AIREROCR , SIS A R, /I

24



2025 4F 7 H

PR T4 AR AR R S AL e U 6

£ 295 -

Ar=i_Ar=0
v v
Ar=0
v

e 0 N ARSI T TR A TR S R A i 2
BE s At IR TRER FF SR ] 5 22 SR 11T AR T I s
[E) Ar Sy i s B 18 5 I8 ST

e 0 KR T A 38 T i B[] Sy e AL A A5 3 5
PRSI AL, FEfee U I T T AE 3R T B ] A s il
A 58 4t o TR ASHL A& AR i PR -5 803 0 XURS: . SR, 5K
BRaLFE ) SV T 2 — 2 R TE] 1D () 37 308 1
PR L E R TR, B 11 () 5K 11 (), 7E
AV I AR T B Rl F R L, FRASLA

n

R= |XNM% (5)

A Z 5, WP A S iR e TAERIRE g . R,
YIS 3 RSN RS S ST A B 1R 4 %, 1T D i
Jei 6 R A B B ) B . et MR 1 i 3R T e st i)
H T TEES TN, 75% TaFir T A fe A0 3 i ] B
G, B 50% T g 0.17 s, FESF YIRS R
0.9s FFJERF, 50% ffmf s 65% ffar N &4 S HLE
WIS, M 75% B far b F e R AR R, FRSLE
Az Wi, DRI FR ) B3R T i e [ 5 AR U4 i R
ERIE G

AR IR I AR

P12 g ANTR] S0 X fie DG R T T SEE 38 I I s ] 5
M. HERE R BEH T 0 T N, HE U i T

s 7] /s

0.8 |

0.6 |

0.96

50

65

75

i T

= L1f :

3 0.9910.98

I L . 10.

& 10 0.96. T+, 095 (094 0095
= : 0,96 T % 096
< 09}t 1 0.94 .

R 0.87 I

]—‘i |

iz 08 F ' . "

) | B e Midk
= o1} . \
= 0.67 D AL I AR T i ]

06 1 L 1 1

0.5 1.0 1.5 2.0 2.5
EA I 18 4E 3R T e R) /s
(a) 75%@21?%

\(ﬁ T
= 1.1 !
= 1.0311.02 ¢, 1.03 104
2 g0} T 03
@& 0.97 1101 1.02 :
E |
= 09t !
]: |
= osl 082 : ‘ .

. | B e Midlk
B o7} ! i i
= P I AR FF )
= 0.65 N L L

0.6
0.5 1.0 1.5 2.0 2.5

HEACTT 48 8 S 3R TT S I (1] /s

(b) 65% fiifif

1%

B 12 fafaxta o TER I /A i A B S0

Fig.12 Effect of load on the optimal delayed opening time

Bl 13 SRR T BRI RESR T 5 s () 6 )48 )
TR SPIHE R W52, B T i T, ek
B Sl 3 U AR X 7 1 ) 1] 9 R T s[RI 46 .l
TR I R RS AR s, SEBR I
W) ZEAR s E] s /N F e AR 0.1 ~0.2s. 3 Mg R,
AR T 2ER FF G BRI ) R 97E 67.00% LA
b HE 65% ey T AT I, 0.9 s BRRIT T AR B[R] X6
RIS B SCRE 82.47% . 1 ok S V)46 R 4T
IRFFIA AEE], FTORIE Y 8 & S L AR e 18 1T

v T
= L 13 a2 LM
E 11f i1.12 113 1.13
=z ml| :
# 10 101/ !
g / i
E 0.9 | / :
/
i | 0.83 ! - N
S 08 / ! I o MR
B o7} / '
- v I B TR T 1
E o L067 o X .
0.5 1.0 1.5 2.0 2.5

HEACY) 8 1R A 3R TF S (1] /s
(¢) 50% fafi
B 11 AREfARETEITERFEHREXBEIE. FEN
GEE= kAl
Fig.11 Effect of the delayed opening time on the moment
of equal pressure before and after the valve under
different loads

100 FURF/%
.0.9s ——50
< 8o} . .
§+ % 2075 1%, :gg
E 60 - —
=
7'}?
o 40f ¢
# 0t
0 . . . .
0.5 1.0 1.5 2.0
18] 1) 4 3R FF- g Bsf [ /s
B 13 FERTE TR TR TS 8 R 5 R sh 1% =

B

Fig.13 Effect of the delayed opening time on the inhibit
ratio of fluctuation of speed under different loads
3 5% i

(1) T HGE R P RARIE I RS LIRS 5 2,
TR T ARG A 2 TR ARG oT 5 ARAEIA
I ERAL 225 I DU ) 5 79 20 8 s 2 P B AR 2 A X



+ 296 -

#l

az
=

i B3 Bal

(U SO R 65% Tl

(2) R T g 3 Ul R 1k RE S K sl 5

W, 5 50% SARiAR L, 75% B B 3 HAE = )4 7
A e TR i R 22 IR 7.96% , HE R AR
FEHER 101.41% , 6 ik 2 I EE R 81.63% .

(3) d A AN [ T 8 2 AU 48 R A8 47 13X

B KB, B URRIT JHE IR TS B 8] DA Hs WL G I
VR F 7 RS A I a] 5 Bl B0 (9 T, i dmef
{EL4 A 5 AEtR AR A EE YR R SE R P T, it 7
P AL 0 R0 W 1R 4 o 1) A 0, 2 3k 30 8l R
%, SEBAIE RS RF D] 6.

Sk
[1] De Bellis V, Malfi E, Lanotte A, et al. Development

(2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

of a phenomenological model for the description of RCCI
combustion in a dual-fuel marine internal combustion
engine[J]. Applied Energy, 2022, 325: 119919.

Lu D, Theotokatos G, Zhang J, et al. Parametric
investigation of a large marine two-stroke diesel engine
equipped with exhaust gas recirculation and turbocharger
cut out systems[J]. Applied Thermal Engineering,

2022, 200: 117654.

B, OREE, B, S5 SET R RIS LAY i B
FEHARBIFEI]. AL AR, 2022, 43(1): 94-100.
B, PRIERT, 5em, 55 ARFSmBLIm S R
AREFEBR D). HEHE A, 2020, 41(11) @ 2438-
2449.

Xia F, Schlosshauer A, Tidau F, et al. Parallel
sequential boosting for a future high-performance diesel
engine[C]// SAE Paper. Warrendale, PA, USA,

2022, 2022-01-5005.

PR, B, SKSCE, S PSR SEIm AL
PERES A A5 (0] ARLAER, 2020, 38(2) -

104-109.

XIRIN, skARAS, XUEbk, &%, mik semm L gy
JEF RO AR 5 R R H 1], & s TR,

2019, 16(1): 82-88.

BRAL, W, Rl T gUE RS S EGR RN
Xof oK 47 25 S b HL P RE R 2 e (0], £ Kk AL,

2019(4) : 1-7.

Shi X, Wang T, Ma C. Simulations of the diesel engine
performance with a two-stage sequential turbocharging
system at different altitudes[J]. Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, 2014, 228(14) : 1718-1726.

L10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Schmitt F. Powerful turbocharging system for passenger
car diesel engines[J]. MTZ Worldwide , 2014 ,
75(3) : 12-19.

Dziedzik P, Danilecki K. The concept of determining
the control function of turbochargers in sequential turbo-
charging[J]. TOP Conference Series: Materials Science
and Engineering, 2018, 421(4): 042017.

Zhang Z, Deng K, Wang Z, et al. Experimental study
on the three-phase sequential turbocharging system with
two unequal size turbochargers[J]. SAE International
Journal of Fuels and Lubricants, 2009, 1(1): 1181-
1186.

FEITAE, W%, BIMEsE, 5. PIZARZENS Xt Seimpl
I 70 A P B 52w A LA F 5 (00, R R Sh AL,
2022(2) : 35-39, 66.

fpgsk, ERE, TR, %AV RESmPLION
TR FEHE AR ARG T D BRI T 7 [T]. AL T
£, 2013, 34(2): 12-17, 23.

Stoffels H, Wojahn J, Brinkmann F, et al. Vehicle
application of a parallel-sequentially turbocharged gasoline
engine, equipped with switchable exhaust valves[C]//
The 13" International Conference on Turbochargers and
Turbocharging, London, UK, 2018: 595-609.
KR, FEALE, wARmE, 45 MEAISEMPLA K
AU TOUR PR AR T 7 [T]. AL, 2022,
38(5): 1-8.

Toda K, Goto S, Ogura S, et al. Improvement
technology for non-visible smoke during ship transient
operation[J]. MTZ Industrial, 2018, 8(1): 14-21.
Galindo J, Climent H, Guardiola C, et al. Strategies
for improving the mode transition in a sequential parallel
turbocharged automotive diesel engine[J]. International
Journal of Automotive Technology, 2009, 10: 141-
149.
Qiu H,

investigation of combustion characteristics analysis and

Leng L, Song Y, et al. Experimental
optimization during the turbocharging mode switching
process of diesel engine with advanced turbocharging
system [J]. Applied Thermal Engineering, 2023, 223:
119992.

JASCAS, REICAR, I, % BETHPRERE IR
SMAURRARSS T Ul R RIS (0], R ShAL,
2020(6) : 1-6.

Leng L, Qiu H, Li X, et al. Effects on the transient
energy distribution of turbocharging mode switching for
marine diesel engines[J]. Energy, 2022, 249: 123746.



