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Thermodynamic performance and exergy analysis of a two-stage
turbocharged Miller-cycle diesel engine
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Abstract: The fourth stage of China’s fuel consumption limits for heavy-duty commercial vehicles has set higher
requirements for the brake thermal efficiency (BTE) . Based on a 7.7 L diesel engine, a one-dimensional simulation
was firstly conducted with experimental verification, and the mechanism of the influence of Miller-cycle coupling
compression ratio on the BTE was explored through exergy analysis. The results indicate that the irreversible com-
bustion loss and exhaust loss decrease with the increase of Miller degree. Under the equal torque conditions, an in-
crease in the compression ratio can reduce the exhaust loss. The use of two-stage turbochargers increases the intake
flow rate and total heat capacity in the cylinder, which helps to reduce the heat transfer loss and the exhaust loss.
Under high combustion pressure targets, compared to the late intake valve closing strategy, the early intake valve
closing scheme increases the heat transfer loss and exhaust loss. Then, an actual engine development plan was
completed based on the above calculation results. Engine test was run under the speed of 1 200 r/min and the torque
of 1200N - m. The BTE increases by 4.0% and the brake specific fuel consumption rate (BSFC) decreases by
16 g/ (kW - h), when the intake valve closing angle is delayed by 40° CA, the compression ratio is increased from
17.2 to 20.5 and the peak combustion pressure is increased from 16.5 MPa to 25.0 MPa.
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Tab.1 Engine specifications
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Tab.2 Comparison of calculation and experimental results
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Fig.2 Experimental and simulation results of cylinder
pressure and heat release rate
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Tab.3 Research schemes
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Fig.4 Transient changes in intake and exhaust flow rates
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Fig.12 Comparison of calculated and experimental results
of the final plan
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Tab.4 Comparison of calculation and experimental results
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Eip/% 15.82 16.86
Eex/% 24.18 23.30
3 & it

(1) 4R FHMR A6 AR, BEE TVC A AE
Je , PR, BRI PR T, S EUL PR R G E
B, AT 3R S FHE H A6 ) R B BRI
e FEBAZN TR + G17.0 + P17.0 4504 F, IVC #E)5
40° CA Xf#i15 BTE B4 T 0.4%.

(2) TERGIE AT, SRADK A 5 <
A, 2 HURSR R 7R BE RRAR T R 5 e 4 e
A LADRAS BRSO s TEAR R 551 T, GCR
(3R A BT NVHE % 5 EAh, FEd T — 20
HIEE T, MR T ol DAREAR IS o, iF— 25 4R TH L
K BT L30 + G21.0 + P21.0 &R (T 5) 1Y
BTE A LK 45.0%.

(3) KRR R G A R R G, AT
TRHE R EE FIHE B B2 s TIZ% L40 + G21.0 + P25.0 J5



2025 4F 3 H

TR WG IR EEIR SSRGS 27k RE K4 135 -

Z (IO 5) SHEFE(TH DM, AFEERRT
105K, HEH 2K & e/ T 6.0% 5 ZEE R H s i
25.0MPa T, AL L40 7752, E40 J5 SR HAM R &
FEHEIN T 0.8%, WA # BIHECRIS/N T 0.5%.

(4) MR ARSI &, AT 5%

FHPIEER, % TVC ZEJ5 = 599° CA, K JF 45
FE 20.5, 42 mBIEE 25.0 MPa; S 45RI45 R
TN RO B, AR BTE $27+
T 4.0%, BSFC F#ILT 16 g/ (KW - h).

SE k-
[1] Mokkapati V, Lin C S. Numerical study of an exhaust

(2]

[3]

[4]

(5]

(6]

[7]

(8]

(9]

heat recovery system using corrugated tube heat ex-
changer with twisted tape inserts[J]. International Com-
munications in Heat and Mass Transfer, 2014, 57.: 53-
64.

V55, 5T AVL-CRUISE [z ¥y i d B2 0% 4 itk
FEVEREICRCOLAL (D). Kb IR KA 5188 T
FREBE, 2020.

RN BAILDEFE . 26 P B B 8 20 1 FH A2 A BRAE B
MU Z Ay, AR ik pERE [EB/OL].
http: /fticeri. tju. edu. cn/info/1162/9374. htm, 2022-
06-29.

Shen K, Xu Z, Chen H, et al. Investigation on the
EGR effect to further improve fuel economy and emis-
sions effect of Miller cycle turbocharged engine[J]. En-
ergy, 2021, 215: 119116.

Funayama Y, Nakajima H, Shimokawa K. A study on
the effects of a higher compression ratio in the combus-
tion chamber on diesel engine performance[C]/ SAE
Paper. Detroit, Michigan, USA, 2016, 2016-01-
0722.

Yu XY, WuBY, SuW H. Experimental study on the
approach for improved brake thermal efficiency on a two-
stage turbocharged heavy-duty diesel engine[J]. Fuel,
2021, 305: 121523.

Wang J F, Duan X B, Wang W K, et al. Effects of the
continuous variable valve lift system and Miller cycle
strategy on the performance behavior of the lean-burn
natural gas spark ignition engine[J]. Fuel, 2021, 297:
120762.

Benajes J, Molina S, Martin J, et al. Effect of advanc-
ing the closing angle of the intake valves on diffusion-
controlled combustion in a HD diesel engine[J]. Applied
Thermal Engineering, 2009, 29(10): 1947-1954.
Gonca G, Sahina B, Parlak A, et al. Theoretical and
experimental investigation of the Miller cycle diesel en-

gine in terms of performance and emission parame-

10]

(11]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

[22]

ters[J]. Applied Energy, 2015, 138: 11-20.

TR, SFEM, Faom, & ORRHEE XK
MR SEMALIERE R ARSI, NIRPL RS,
2022, 43(4): 40-47.

Lee SY, Kim C G, Lee S K, et al. Experimental in-
vestigation on combustion and particulate emissions of
the high compressed natural gas reactivity controlled
compression ignition over wide ranges of intake condi-
tions in a multi-cylinder engine using a two-stage intake
boost system[J]. Fuel Processing Technology, 2022,
228: 107161.

e, oL, TKROCIE, SF. PR X S L
PERES i A5 (1] ARMLAE, 2020, 38(2) -
104-109.

Rinaldini C A, Mattarelli E, Golovitchev V 1. Potential
of the Miller cycle on a HSDI diesel automotive en-
gine[J]. Applied Energy, 2013, 112: 102-119.
Miklanek L, Oldrich V, Ondrej G, et al. Study of
unconventional cycles (Atkinson and Miller) with mix-
ture heating as a means for the fuel economy improve-
ment of a throttled SI engine at part load[J]. SAE Inter-
national Journal of Engines, 2012, 5 (4): 1624-1636.
AR, ZITIE, E&. mES A KRR TK
S AL R B K HEBICRE PR [J]. P BRPL 24 4, 2022,
40(1): 10-19.

AR, G, BLF, % RGE AR EE AR
XA S LRI 2 5E P2 (1), ERT&3hAL,
2022(3): 76-81.

Prasad K S, Rao S S, Raju V R K. Effect of compres-
sion ratio and fuel injection pressure on the characteris-
tics of a CI engine operating with butanol/diesel
blends[J]. Alexandria Engineering Journal, 2021, 60:
1183-1197.

GmnH A L. Boost theory (v2016.1) [R]. Graz: AVL List
GmbH, 2016.

Wang Y, He G, Huang H, et al. Thermodynamic and
exergy analysis of high compression ratio coupled with
late intake valve closing to improve thermal efficiency of
two-stage turbocharged diesel engines[J]. Energy ,
2023, 268: 126733.

Rakopoulos C D, Giakoumis E G. Second-law analyses
applied to internal combustion engines operation[J].
Progress in Energy and Combustion Science, 2006,
32: 2-47.

PSPl TS SRR RIIE I SR ) B 5 S A
RO ST (D], KA. WAMRRZAIRE TRE b,
2023.

SR, B, FET. SRR K S LR
WHHARIMI. Juat: Bleahiiiet, 2010 112-168.



