#30% H2 PRHLS B 4 Vol. 39 No. 2
2022 4 4 A INTERNAL COMBUSTION ENGINE & POWERPLANT Apr. 2022

DOI;10. 19471/j. enki. 1673-6397. 2022. 02. 008

X 6 T XHUNHA R A B S EST T RMRL

k', E2W O, 0, M, EAAR
1 ESAROLER)ARNE , L&A FH 262718,
2T L AMIIEE AL ELZRT, LA FE 262718,

3. M ER MRS AELERE, LR By 261061

FEE O 16 T L PSR AILAS L HE IR AN 24 &) P T R, e 57— ZE PR )~ A Y {5 003 BT 4% (R A 25 S 1 it
PR, B A o ) A8 A0 T A8 O SR A A% B U8 T — 2, G A G R AN 2 S0 1, O Bk — 2B Al e A8 7
o DT EIHRERMT  SEUHLA SO A b HE S BT S BOS RO HE T R A AR A I 510 250 5 ]
T T LABIGE A R HE SR AR LS, 25 L A HE IR 22 LU 5T SRR AR ZY 28% 5 i JEHE U 7 58 T LA 4% T
HETHT A 2N, 45 G HEIR B 22 HE IO SRR 2 40% ; BE G 5 A8 SV AR A4, 2 gl AL L il #E S5 8/
JE MR s SR s TR U AT 58 ) A ShAILAS TR A 55 TS L AR — B, 2% BT A R B 22 eI 40% DL L, A5 2%
e A GHER AR S

KRR HR AN I ST s Dk b HE U s R TR HR U HEU T s EeahAR

& 4y 2K 5 : TK422 XEFRE A XERHE1673-6397(2022) 02-0048-07
IR ke, W, X%, 5. X 16 5L R ShAHER R O B B[ T]. RIS 39 A % F,2022,39
(2) :48-54.

ZHANG Jianjian, WANG Xiaoli, LIU Zhen, et al. Analysis and optimization of a 16-cylinder engine with
non-uniform exhaust temperature [ J]. Internal Combustion Engine & Powerplant, 2022,39(2) :48-54.

0 35l

Wi A HILHEOhR HERYT H 574 , NARBILSE BLIK AR HE R A s T Ok MO, — 5 1 o B R AR B AR
SEEIHE , 73— 7 0 N o o DR A Ak PR G 00 TR T N K LA BB AT AN A 25 SR A
S8 AT S B A R 1 o B 4

£ 8 fil K LAbZ L A ST A ad R v, e KW AR AAT A8 Z2 bl 175 58, i e IE A Al A 2 HE <
RIS i & ShHLE SRR RE B4 GRS AP P A S . AL BT T A A X
Z LS ALEE A SRR REM 234 1R PR e A | 488 s U RS A i o e R 04 P 2%
PRS0 s 2R ST T S LA (T T AR 355 R 8 e R 7 2 A S i 5 B Ao 4
FE T SEMHLAS R T AR50 NO, HERC 506 5 5 3 G 252 300 3o Xl D, Ao e 7o R K
I 1 R 2 2 R PR AL S LS R D AR S HE ), ST T 2 BT S LA 1 5 B 5 4
BRI RSB 1) S P T 0 5 B/ N A 5 R M 2 A 22 1 1 o o A B, ST R A O LA
AR, 0 IE DAY 92 1 % A3 45 LA S ME AR, s BTAB SO R GT—Power MR SHLAT B AY , 4347 T
HETAE AN B I 25 SO0 2 I S PR R o

ARSCHER XSRS 16 GV RISEMALH B2 GLHER A 21 38 i — 4R 28 2707 A % G HE AN 3

% A #7:2022-02- 10
EEWH: LA HEH AR B (202060703510)
B EBEN R (1988—) Kk, LAEFLA, TFME, TRF, T EMRAHF A HE DI EZ %L 545 4 E-

mail : jianjian_zhang@ chinakangyue. com,,



%24 s, 4 5 16 R BDHLHHR R 159 HE BT R 1t 49
SIVE A SR 31 0 HE U B o FH v T AR T A AR 7 558, I T A 7 AT ZE A A o

1 HRBEST RARAE

H 16 0 V BUR sl HER KT R 1—6—2—5—8—3—T—4—1, HHh 55 1~4 FTiEHE 1 2k
HESAS 50 5~ 8 LTRSS 2 A STk HESE , B IRk b HE RS 42 1 MR IR RS . Kbl B2 H
ARSEANFE 1 fin,

£ ZPNETERARSH

KL#2/mm £/ mm BOEDIRAW B/ (rominT') i

200 210 2405 1500 i FH & HL

X BRAUE BRI EA T —AE P 2 i 18T 1 7R o R s LRI T R itk HE A S T 3 IR e sh LA
FEAR AR BERY SEPR S BB E s Wl AL RS PRI i ML 5 IR AR R R T LS A ShALIA B ML P05
AR AT RS, F AR SRR Ty B AR v, AR 22 5605 1 S AP IR B30 5 (B BRI R T ) 5
L2 i FEm Bl EE P07 AN AR R BORYE SE PRI bR E , R WoschniGT LRI UL AR 5 1
for FP IR AE LRI fa] PR , R SHLIERE map Kbl o 508 e A Aol i P BRI 0K s

Bl RAL— %y AR

FT AL — 4 05 BT R L Sh LY BE O SR e 27 b, SR AN 2 R

_2B0p ik —m- B il e TR
T 2707 50
=
T 260
o L
~ 250 sy
o 240 g 40
o L -
> 230+ ¢ 44
= 220} 30
2
2]0 Il L | J 25 Il 1 1 J
500 1000 1500 2000 2500 500 1000 1500 2000 2500
i kW W

a) LLilAE b) ZHRLE



50 PAHIL S B e 202244 1 %39%

700 -

w7 15 el 57

600 -
&
=
i 500 -
=
= 400 b

300 | | | |

500 1000 1500 2000 2500
TR W

) i HTHRR

507 e Tl TR

HREEC

40 |

r
H
o 30 |
<

iy

20 | | | J
500 1000 1500 2000 2500

TR kW
d) R AR

B2 #AFHERL KSR
H1P 2 W R S L AR A 1, & ShL GG Rt HRER e R SR A R L B A5 R S 5
IMZE R A TR SRR AR AR RAXRZZ/INT 5% b w22, I arHRR A= R e 05 RS
IIRAEAIEARHIR , T J5 R BT A T UL N — S, O AR R S B R R TR

2 SEHRL

2.1 HERAHEMEEBE S

D & ShHL T AR FE R AR, LA 1 ~4 4
FBIIEAT ARSI S 438, 2 shALET 4 i &
KMFF Ry 1—2—3—4—1, FHor 55 1.2 fi1 i il
A AHRR 180° 58 2 .3 KL AHRE 270°, %8 3 .4 &I
AHBE 180° i 2H 4 LA 1 LAY i il % £A AUH B
90°, £ fiT HEA T 2 i B B ORI A) . A 1~ 4
B HES T B L an & 3 Frow . &l 3 AT
H A GTHE RS TR L 5 4 RS 1
FLZ BAEE B B HES T HESE B ML N
250° 55 1.2 HL LA KR 3 4 S HES EE MY
k1 60°,

BEEES 1 GLANEE 4 G 52 B A HE S R kAT
GIMIT, £ T R s HE S5 I M A B HE R
e 4 s . /4 0] RS R 2400 ~
300°0F, 55 1 &1 A T HE S R L 5 4 Gk T
HHEACR B, 55 1 BLHEACBE 3258 4 L HER
SZR U S, 78 dh % A R 220° ~ 30006, 56 1 6T
HAE T BT .

FHEGE B E T, 8T AR
FLHESAR Y, AR T OUT , 4% 60 <5k AY 2 8chn
F5 fi. FES AT 50 1 GRS Ay R AL
B, 5. 0% ~8. 3% ;45 2 5T IR S 5% 4y 280
AR, R 1.5%~4. 2%, BRARESME ST
— AN TAEAE P v o i 0 A a2, 5 BT IS I
AR AR AR WA T, & FEHHERRE
THE .

HES ) S1/kPa

08 o ==<EBI{L == 52— = -HI3liT= = <554fiT
RN ANEINAS AN
0.6 1 I\ 1 I\
P N A} ]
] \ F oy % ¢ A
04 L g s ! \
\ [} I » \ 9 [N )
\\ ] 2\ \ s ?
02 F ( ! \ \ ]
"\ ,l \‘ O N\
[ \\ 4 \ 4 \ \\ '
0 80 160 240 320 400 480 560 640 720
b s (o)
B3 FI1~4unBFARneaRriET TR
& e 55 | ], e S5 D], s £ 3] e 5 AT
SRR o= i == o520 = = 43T = = i afiT
350 1 116
320 | 9 s
=
290 =
oS PN 51 8 myj
L ~ Y
260 S/ S \\\ ,/ i
4 Y oo S U4 104 E
230 F~¢ s =T S 7 .mJ
I, b I, \~ ’.\ =

140 190 240 290 340 390 440 490
i fa/ (o)
B4 F1~4u8BAE0EZIBR AT REHE

10 - —e— S = 520 —a—fR30 —m—2f54 0T

PSR FE%

500 1000 1500 2000 2500
/W

B5 BRAEsFEHK



2 KA, 55 - L 16 SLA SIHUHRE A K 2 M5 i KAk 51

55 1~ 8 GLISHIHF R IR 2 s . i3k 2 AT 565 1.8 Gy A HF R R, Horh 2 8 ey i
BUHE R Bk, 0 72365 °C 5505 2.7 GLHF I BIR, b2 7 GLHE IR R Ak, 9 664. 95 °C 5 & ik
A AR 22 (R HE UL 5 B HE IR 2 22 ) 2078 58.70 °C fRR A I PERR . 26 1 ~4 G i
i D B 50 R 5 1.3 .4 2 6, S FRIE AR KX LU Z R —E

x2 F1-8ERMHSKIEE <
55 LT 5 2 4K 55 3 4L 5 44 EURN 55 6 it 557 4T 55 8 il

720. 15 671.65 709. 45 688. 25 685.25 698. 95 664. 95 723.65

2.2 AR

w1 LS M n] R, e S HILAS L A O 1] B 2 S LR Bk bR U B T, L[R]3 B0 sh LR 2 Uin
HEUZ BN WL 0040, T3S R A sh LA L HR AN 23 o i i S B ke sh LAY S WY 803 4% (R AN 34
IV, EEEH BT Rl M AR AR SC R TR i 5 B A R A S R, MERE R R AR s . K B
PR KPS B B HiT B2 T, Q2R BERE 2hst A hHLAS G AR UR ) AR S S01E Bl 1 n] LUks & sh L 4%
L TAR A — e, NS S HEE A S04

BT RIS GLHRR A S PR AL, Bt b (848 FE T8 2 Rhor 58, HLAS /R B ani&l 6 s i
P 6 RII: 1) Hp R AE D7 SR AE S 2 A kbR U A e Db — Beadam A i, T RECER 4.5 GAYHES, A
/N 2 GLHES A 1.8 LAY 52) s R = 7 58 % AR X BOR =5 I HE U, S BLAS B HE U
pa)EisB s e s

. R
i P:y ]-f % 1 [ ]
1~4fT 5~8fil. 1~8fiT

K ENHL BB

I I
L ] L ]

¢mw% ;h%%
X

HFHIERE HIFHIER HITHIE R HIFHIER

@) b) i HEHE L
B 6 2AMAMBRYART ENADNEHTER

TE—HER Ty 2 R v A0 HE U %
W AT AL 2 P70 K Sh LI g T
B A GLHRR AL 220 LS5 R A 7 s, h
P 7 al S Dk b HE B D7 58 4% L HEIR AR 22
N 16 ~44 C 5 a8 J5 Zib T A& GLHE
AHE MR, A G R R 220 9~ 34 °C, A AR

45 1 =Bl —e—HAE R ——EEE TR

AHLHER 22/ C
[Se]

J,?ﬁ%é%i@%ﬂﬁﬁﬁ*ﬁ%ﬁ%ﬁ% 28%; 5T Ik 5500 1000 1500 2000 2500
HEAE I R D T SR HERE AR 51, W
HRLHEEM 228 9~21 C 8T &34 B7 RRFETF&AHBME

R HETRLAN 22 B AR 2 40% . R, 2 R HESUE
7 GEAE AR A AN 35 59 P B Rl 3 4% G T AR AN — Bk J5 1w AR



52 PIRABIL S 3l g 2 202244 A 39 %
2.3 EEHSKERLAR
TR 0 RSP PERE A — e o, 7E4R TH A5 SRR S S VERYRT 8 T, S 4 0 AR
SHAILTERE , PR 0 FEHE S O Rl — Al . AU 32 %8 i HE A LSS 2 R 2R, DA
X 2 FRATE B AR AT R BT O B IEASTHIR A R AN TE 8.9 FR .

FEihAE, (g+ (kW<eh) ') Leih#E/ (g+ (kW-h) ')
216.35 125 212.40
216.30 120 212.35
216.25 " 212.30
E 216.20 E 212.25
@ 216.15 @ 110 212.20
i 216.10 i 10s 212.15
& ' . 212.10
pic] 216.05 B 100N :
216.00 N\ 212.05
215.95 oS|I R N 512,00
. go L 211.95
80 85 90 95 100 21390 80 85 90 95 100
IS5 A% /mm IR 45 H AR /mm
a) 110% 555 b) 75% %5
8 RE R THMETBWEEEZRT LG
HERAR 22/ °C HER AR 22/ °C
28.0 22.0
275
215
27.0
26.5 21.0
26.0 -
25.5
25.0 20.0
P 19.5
24.0 - P
235 90 19.0
80 85 90 95 100 80 85 90 95 100
U545 B A%/ mm U7 4 4% /mm
a) 110% i i b) 75% %

BO RF AT

W

B i2de BB E R B A HERR W R R

H1 1% 8.9 A1 110% K01 75% Guar i, e shAIL HCIHRE AR AR 25 32 HE S A K SV B A A s i i 3k
ARG AR, RSB G AFR A4S BT R 22 2902 sl )  (H B U A A AR 38 O, & shLLE il AR
A TR, A5 G HRR AR 22 ) B 3, (H HC LAY HRR AR 25 A R GE

N T RESOE A HE TR i ok K S AL RE A

~ 18 ——110% T-15, —=100% .14, == 80% .14
A, PR E IR HERE M S R AN i — D\ 0% L e 40% T —e= 25% L
AP EEERET . THEAR TR T A =
FIHECE BRI A S HLEG AR S IEPL e
25, 4R K10 frs . & 10 vl B E AR *i
M\ 100 mm 34 K #] 180 mm, & S4L LIl AE 2 (E %
SP RN G R R SRy 2
130~ 150 mm B, % h#HL Il AEAH 25 B/, AT 100 120 o 160 180
A BLGH T80 F R % TR L e I
E10.4~0.6 g/(kW-h) . 10 HALFE 2T LHILN ok

2.4 fRALETIETERERTEE
AR I LA Z R, 0 5 TR U BV AR 130 mm R HE U OIS 10 & Sh Bl fE
SIS, SR WA 11 Bs



2 KA, 55 - L 16 SLA SIHUHRE A K 2 M5 i KAk 53

20007 i, e A 7 ) B —— B SR

g = 7000 |

C—- b

2 120 Z 6000 |

) =

% 100 + 4@ )

= “\é 4000

50 ' . ! ! 1 3000 ! ' L |
500 1000 1500 2000 2500 #H 500 1000 1500 2000 2500
IHFRAW IHFRAW
a) INFITES b) PR

=260 50

7= 3 P AL A e

= -5l —— EEEL w0 R —— i AL

B 240 | <

- = 30

i I

— 220 | = 20

e =

g 10

g 200 I I I ] 0 I I I |

500 1000 1500 2000 2500 500 1000 1500 2000 2500

W IR KW
c) HGilikE d) FhrHERR2E

B 11 4RALET e K S AU A 5T bk

AP 1L R AR i 00 5 R HE U A T7 S 04 2 3 i i A B s, e sh Lk U U
RIS AT N, A BB EC AR LE 4 B T 00V A -5 SRR LB AR — B30, 4% e A 2 D S AR, AN [] i T2 0
AL A 22 A R 23 BT, G e B s HE TR AR 22 R AR T 249 40% AR B £ i HE IR AR 22 AR T
2] 46%

3 e

1) ZHL RSB Ky FUBK s B, S BOR SIFLAS GLHE U B 3, R S 205 6 AR
—HEZES .

)R KIFP AL RTEE T, Bt i A 7 58 8 TR U T S0 5 TR U T S AT O AL 5 1)
5 ] LAs D A L HE A ELR 0 HeE U O 58 T DASCRE 45 L HEUHT e — S5k, o i A0 A5 L T
VRIS 5 X He e B, R 5 TR U 7 SR AE R AR A G HEIR AN 35 2 PR TR AT S AP B

3) AL HEIARRE R R s HE R S AR A3 N ST I/ e 3G K i B IR A A AR 3 R, R S PLHR IR
—HUERZE TR

4) i A E I HE S, R S LA 1 BE 55 DL AS DR — 2, A shLAS T HE A 22 PR 40% L) L,
et T R SIS RLHER A S

S

[1]AbdR, 3B 4 2148 K. 3R % 4r iR i AL-4r it AR 3 A a9 AT AL [T ]. AIRALT42,2010,31(2) :27-30.

[2] %) R, 5 S0, AR RAAAAMB AR QREEML[]]. £ AL, 2019(5) :41-45.

[3] AZUMA T, TOKUNAGA Y, YURA T. Characteristics of exhaust gas pulsation of constant pressure turbo-charged diesel
engines| J |. Asme Journal of Engineering Materials & Technology, 1980, 16(2) :96-104.

[4]CUI Y, PAN W, LEYLEK J H , et al. Cylinder-to-cylinder variation of losses in intake regions of IC engines[ C]//
International Congress & Exposition 1998. Detroit, USA : SAE International , 1988.

[S]Ax4E, 30487k, FR 52, & KOTUF 436 B S Lt AR 3 S e B a9 AR T [J]. AL T 42,2011,32(4) :87-92.

[6]#K R, =0, BHRHIELE TR G HHA[T]. v X FF4m( /A 54R),2000,32(4) :97-101.

[7]CITRON S J, O'HIGGINS J E. Cylinder-by-cylinder engine pressure and pressure torque waveform determination utilizing



54 WAL B e 20244 7 $39%
crankshaft speed fluctuations; US4843870 A[ P]. 1989-07-04.

[8]£EA, MK, £, 5. v REA T E R G ET L AR BH G Hm[T]. A5 53 K ,2005,11(2) :
73-77.

(9] A4, B 3%, 248K, HEA B M xt S 4038 RS Lt LR AW ¥ea[]]. b T2 L K 5 $3k,2012,32(6)
580-584.

[10] &gk, Bkl &, B, F. oSt TR R ESHEGHaod[T]. Xi@iEH T4 54R,2001,1(3):
51-53.

[11]) FA358, 3 &L, 7 &, 5. LIS TR 43t NO, HkFas %[ )], R FIR,2007,38(2) :65-68.

[12] & ms, £ 5 3%. 8170ZC 4 Jbﬂ%ﬁ?’u‘?%i’il\,[ ]. PR AL,2006,4(2) :19-22.

[13] &, 0,95k, F. S4miTEg guiissrEmall]. 2R L3H,2020(2) :55-61.

[14] 203, B &, % & &. A T GT-Power F= Simulink #9 3 i AL & 42 R 35 4 0 2R 4241 [J ], A5 A0 T42,2019,41(4) .
77-81.

[15] Spia 3, fhania, & Bk, 5. 5o 97 B2 SURAT K Sh ALk 239 4 MARAL[ T ] LAt 52 5 40K ,2017,23(1) :41-46.

Analysis and optimization of a 16-cylinder engine with
non-uniform exhaust temperature

ZHANG Jianjian'*>, WANG Xiaoli"?, LIU Zhen'?, MA Chao'”’, WANG Danni'”
1. Kangyue Technology (Shandong) Co., Ltd., Shouguang 262718, China;
2. Key Laboratory of Turbocharging System of Machinery Industry, Shouguang 262718, China;
3. School of Mechanical and Automation, Weifang University, Weifang 261061, China

Abstract ; In order to solve the problem of non-uniform exhaust temperature of each cylinder of a 16-cylinder
diesel engine, a one-dimensional thermodynamic model is established to simulate and analyze the causes of non-
uniformity of each cylinder. An optimization strategy is proposed to use the intermediate pipe and the constant
pressure exhaust pipe to reduce the non-uniform of the exhaust back pressure and improve the distribution of the
exhaust temperature of each cylinder. The constant pressure pipe scheme has been further optimized. The result
of simulation calculation shows that the main reason for the non-uniform exhaust temperature is the interference
of the exhaust gas of each cylinder caused by the firing sequence of the diesel engine and the design of the pulse
exhaust pipe. The use of the intermediate pipe scheme can improve the mutual influence of the exhaust gas of
each cylinder, and the extreme difference of the exhaust temperature of each cylinder is reduced by about 28%
compared with the original scheme. The constant pressure exhaust pipe scheme can reduce the non-uniformity of
exhaust back pressure of each cylinder, and the exhaust temperature range of each cylinder is reduced by about
40% compared with the original scheme. With the increasing of the total pipe diameter of the constant pressure
pipe, the specific fuel consumption of the engine firstly decreases and then increases. The optimized constant
pressure exhaust pipe scheme shows that the various indicators of the engine are nearly the same as the original
engine, and the exhaust temperature range of each cylinder is reduced by more than 40%, which effectively
reduces the non-uniform of exhaust temperature of each cylinder.

Keywords : non-uniformity of exhaust temperature ; pulse exhaust pipe ; constant pressure exhaust pipe ; exhaust

interference ; specific fuel consumption
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