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Abstract: In order to improve the performance of marine low-speed turbocharger, the flow channel struc-
ture at the bottom of turbine exhaust hood of turbocharger was parameterized, and the orthogonal test with
four-factor and three-level based on efficiency optimization were designed to test the overall turbocharger
performance. Firstly, the aerodynamic performance of turbine of different parameter combinations was
calculated by CFD numerical simulation method, and then the sensitivity analysis of the structural param-
eters at the bottom flow channel of the turbine exhaust hood was conducted. Meanwhile, the comparative

analysis of the internal flow field was carried out according to the structures of different parameter groups,
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so as to clarify the mechanism of structural factors influencing the flow; on the basis, the turbine charac-
teristics of the optimized scheme were analyzed. Finally, the test verification of the overall turbocharger
was carried out on the low-speed double-fuel engine platform. The analysis result shows that the axial
length of the turbine exhaust hood in the exhausting direction makes the greatest influence on the turbine
stage efficiency, on the premise that the structure of flow passage components such as turbine inlet hous-
ing, nozzle ring and turbine blade remains unchanged. The efficiency is significantly improved after opti-
mization. The total pressure loss coefficient at the design point decreases by 0.387 4, the static pressure
recovery coefficient increases by 0.537, the total static efficiency increases by 1.85% , and the total net
efficiency maximally increases by 2.4% under other working conditions. The test results show that the o-
verall efficiency of the optimized turbocharger is improved in the full operating range of both main engine
fuel mode and gas mode, with a maximum increase of 1.4% and 2.1% , respectively. The turbine per-
formance and the overall turbocharger performance are improved obviously.

Key words: marine low-speed engine, turbocharger, turbine exhaust hood, orthogonal test, performance

[ 2023 4F

optimization

51

T

TR AL IR 5 3G R 4% T A AR ALY 2 < fig
PR E IR ALEE G IR 2 I R AL 52
1o DIy B AT AR B AV HE T G B O IR 2
— U R AR TR A A RCR L T A B T R ARG L
AR, MR TR, Wi R LSRR
T 1% , EHMFERATRER 1 ~2 ¢/ (kW - h) , A
TREHEALIAFE I R AR BRI 3 Fhigfe . — 242
THESMIRCE ; “ IR THREPLECR ; = BTl
B Ho i T AL DR EBOR TR AL I A 1
JEAS T S R DR RS & AR E N, R N T
3% R B AL T R 6 18 TR 25 R W LR P T I
AR P, R R 48 B HLACR 09 2 w55 2 2
Al = T X6 SRR FIR A LR A . FERhR
Wit FHER B R R i A v e
F7, R 2 -4 [T RAnp g T e xR e PR fE
PETH s M HE S E R G b AR E B AR,
MRSV L AR 100 DL I, HES A 3 g
TERCRET Y 5 T s 8% LA ) L RIS — K1Y
HES AR SRR | i 8 HLIE AR A 15 2
KT RHHLIR G 8 T K b sl et yu g, HE
AR B RE A H 2B (B AT W

E MR 2 B R Ee HER e iR T T
T RIS T, SR 245 N1 Xt 4 i 38 48
HES ST AT T sh iy 1, 3618 T/ 0 A 344

UL BN 46 HE AT M B 05 1 5 K S AR A LT X
I EA IR HE R et AT T LA S TERERT I,
I SR R R HE e Y e B i S A B AR, A KR A1
THEFE P SR R 5 BT G S e A T A HE
RUHIMIREE = S/ N NEPIRGE 2+ 80 B Ul
AR R B 1A O R 4 S R B B 5 Zhou
A NV XA HE R AT TR L S 1K, W
T R A S A A X HERSE N Y
WAy B BB ; Finzel 25 A8 14 F A 50
77 I T HE S N s oA, A 3 7K
AT R M HE e i K R AR B BN R 3
(N Uy i (A= e W L B[ PO N
HEFE MR Mizumi 28 T EHELIRFE 93 0 T
Tt A, LR THim e v g s SCEk[ 14 - 15 2 Tl
WFFE T ANTRIHETE 0 g B 0T o 8 RE O 52 10 5 P
N HE AR ST B R LA 1 8
PEREREAT T RZN . H AT, K& 058 TARERALAT XS
RIZIK L FE HE L Te N TR By B2k R AT 1 A 15
T, e TR AL e B Bl 8 5 BT R BES 18
B R HE e BE T B B A S RO e
REMIRZ

ARICHETF IR BTk, TR IF5E M T
PRI FE 3 e i e HE etk Re i fb sdit. A
AR BRI BB, A X HE U i 454 )T
W T MR AE SR, BT T U PR =K IE RS
BIFIPRE T 2 TOUBUEREAUD F 0T, BIFSE T 4% 4G



5511 3 *

1, 45 T IE AR A R B AL TR i fE HE e PERE DAL IIE ST 13-

S EO I e i P BE A R M ML . TR B HEAT B, X
DEALHT = B0 58 18 TR A5 25 AT TR ML & 356 %)
Fo, SRR LIRS B 5 HE TS i A8 1 TR 64
HHUPERESRAT TR T

| ARBRHISEERSHSERREIRIT

1.1 EERHETE

KU = Al i 5 i 25 A S AR iR, R HER
S5k, iR HER SR T A BT A, BOE T T
T [A) RV [B] f A5 25 4) , 87 4 i ) I 1 45 4 dn 1]
1 fims.

B EHitEER

Fig. 1 Simplified calculation model

B 2 s AR RIAG . TR R RS
SE IRFC T AHER ST 3 R4, S RAK Y a5 %k 230
J7, A BT R 590 T, i B2 RS AR T TE 2
Kidio AT SR T k- o i, 1A
RO g S B, B E G E R R, SE K L
3.5, %% 23 200 v/ min, WEBER ZFHI7E 1 x 1077,

B2 B
Fig. 2 Mesh of simplified model

B 3 TS ES R HE e N =GR A (] FR
T BRI DI AT L, SO T TR A HE
e, B EY R B (HERE 1) Wt AT #% 1), 4R
JEIRAAR 1 HEUBEHE o 9 R BV 8 Th AR 2 4

PANDL0 i W/ iz o sk R LI S Uy U ST 1 R b e
PR HE BN AR S 8, 1k — 20 AR R, 2 T
e

HEv/m - s
250.0

B3 REHSENBREE

Fig. 3 Internal streamlines of turbine exhaust hood

L4 FIELS 4300 i e HEe AT S gl o)
ATAFR RS AT . L4 AT, SO AE MR DAL SE h AE
P B —MPRE DAL A R A v, S B0 H S Y
PN 7| QERT RS LS IR W S B W DB ST 338

H13E 4 BB,

0.46
0.42

0.38
0.35
0.31
0.27
0.23

0.19
0.15

-
0.12 =
0.08
0.04
0 o

B4 RESASENENDHES S
Fig. 4 Relative Mach number distribution

of turbine exhaust hood

97.69 4
96.73

95.77 &
94.81 i

93.85 ‘

90.00 >

BS5 RRHSEABES S

Fig. 5 Static pressure distribution of turbine exhaust hood



14 - W 3

2023 4F

MBS sl LUk B, SORAEHE R e 8 s BE i
AR ATAERRIE IR , HAS AR TR 3h
2 T2 7 e N 23 B € Y e S/ @ DALY
I, Ak AT REF= AR BRI G . S A 6 R T
(i 31 BE A A 23 A, Bl A0k 32 B A R AR TR
FARAY B

PR, X HE e PR RE DAL e 25 8k AE
PR B A AR SRSl , w5 e BN B 2% | TR
FEMCHE BN BRI o XHEFGERZS AT 73
B, SRIBCH SR PR M R (Y 4 A EESRCY R
Beth S 0, 0 SR B A L 6, FIHE TS ARG )
KE L, HEEERE H, 7 s

BB Kk /m2-s~2
1500.00
1384.62

-1269.23

r1153.85

~1038.46

-923.08

807.69

”692.31

- 576.92

-461.54

~346.15

230.77
115.38
0

F s/ kg K

3
B

o
6 mINRESD HANERES

Fig. 6 Distribution of turbulence kinetic energy

and static entropy

7T RUHSEHNEEERSH
Fig. 7 Main structural parameters of exhaust

hood optimization

Hor M 0, F 6, B2 AR Y He Be N i
By Bl L, FIESE R H OB IR IR 11 A A T
FRAI™ s B 04 J 38 23 FE AR, 22 i 52w HECBE N B9

1.2 EXKEiZIT

TEAS IR BRI 2 R 2K 1 —Fh ity
T, AR E 3 M M A TS T Bk B R A AR SR
PER AT, 8 LU 1356 OB BT 45 T
FR Y UG LA 6 s 14 5 i KA, 2 — T i AL
&I S EZ ) (0NN a7 N

R 1T S 1 1 A HE e SRR I Bl RS A4 43
BT, A% T2 HE SRR 4 D EESSE I
WIS T, R 1 HIERLSEER, A 4
MHRER, BAFERSE 3 DK

1 EXKBEEMKTESR

Tab. 1 Orthogonal test factors and horizontal distribution
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Tab. 2 Orthogonal test table
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1 2 3 4
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Tab. 3 Orthogonal test results

i i s/
1 2 3 4
1 1 1 1 1 87.76
2 1 2 2 2 87.31
3 1 3 3 3 86.21
4 2 1 2 3 87.34
5 2 2 3 1 83.39
6 2 3 1 2 87.54
7 3 1 3 2 85.09
8 3 2 1 3 87.30
9 3 3 2 1 86.92

A NIEZIKE T, IR nT L, HE<5E
(gl I I Ly WA 22 Bk, SRS ORI 5
Wil fre K5 Hh B UABE 0, B 22 AR O, W3R
SPE—E R H R 60, WX RERZ WA/

%4 ETHBHNER

Tab.4 Analysis results of orthogonal test
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Tab. 5 Turbocharger test results in fuel mode

AL 17/ % FAUE] pi,/ MPa AR ¢/ C IR IHEHR /g (KW h) ~! TG IRASBAR o/ %
Rt} R PEALHT R DAkt etk ss AT etk ss AT ek ss
25 25 0.159 0.162 332.5 285.7 208.2 204.7 58.6 59.9
50 55 0.264 0.291 365.8 356.5 190.3 185.5 64.1 65.7
75 85 0.372 0.420 415.9 416.5 186.7 183.1 64.6 66.0
90 92 0.441 0.431 457.5 435.2 187.7 184.3 63.6 64.3
100 98 0.471 0.449 492.6 445.7 189.1 186.0 61.7 63.8
F6 MEBEATHERAWER
Tab. 6 Turbocharger test results in gas mode

TR % HUES p;/MPa ECHTTRE ¢/ C IRAIEAER /g (kW +h) 7! AR ROR o/ %
AT AL s DAk AL fE DAk etk ss AT etk s AT ek sm
25 32 0.124 0. 154 384.3 314.4 176.1 173.8 50.6 55.9
50 54 0.235 0.253 348.9 327.4 155.2 154.8 63.0 65.6
75 75 0.332 0.337 385.0 362.9 150.9 149.6 65.5 67.6
90 90 0.386 0.395 415.8 403.2 151.8 149.7 64.8 66.7
100 96 0.424 0.413 443.2 413.2 151.1 150. 1 63.5 66.3
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