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Optimization of Reliability Design of Auxiliary Push Surface for
a Marine Diesel Engine Supercharger
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€ Diesel engine is one of the most widely used power machines in national economy.

Reliability is of primary importance to the economy and safety of diesel engine operation.
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€ With the continuous important of ship diesel engine strengthening index,
successive pressurization and two-stage pressurization are the necessary technical
means, which requires the performance index and reliability of supercharger to be

further improved.
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O The design optimization of optimization of auxiliary thrust assembly is carried
out in the process of perfomance test of a certain marine diesel engine with

high index axial flow supercharger, improve the reliability of key components.
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Table 1

O \1B 5] - ICEC S Mt e S 4N g R EANBO D e
T_IﬂﬁaﬂﬂiLi}_El’]‘thHﬂﬂ, I‘E \_EHA\TJT:'EFI i (] AEXT R ) FEXT I A7 PSR ESTY
B\ I AE ! 1 10:12:40 0.9861 1.0000 1.0000

it 2 10:12:41 0.6619 0.3876 0.8625

;ZD;E]')E ET ! IIR"“ IIR"“Z’_‘Ei }_ *E_t 3 10:12:42 0.3088 0.2023 0.7286
EElTCJF)JTﬁ 2TCE|’JHT]'I§_],“\ ’ ZEiE%%$§ 4 10:12:44 0.2229 0.1467 0.5799
5 10:12:46 0.4630 0.3523 0.6914
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B TEERE.
®Input Boundary-Matching Diesel & v \\\\ {m
Engine Performance Parameters A ‘ ﬁ\\

. _ > =) = 31
As shown in table 1, from the operating 1 \

EH ke
to the operating 2, the turbocharging mode j;fgg =D

S

changes from 1 to 5 and then gradually

recovers to the stable operating speed.
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Table 1

O Ak T (8 TR B e T R R oo i
BB W A 7 T3 A1 %5 T2 5 e [ ot 1] HREIE 77 MRS MR
s I A X 1 10:12:40 0.9861 1.0000 1.0000
2 10:12:41 0.6619 0.3876 0.8625
ljil flﬂ: $EE EF' r —\‘*ﬂ"lﬁﬁﬂ /I%i/\lﬁ E/Jlu\ /TZIK 3 10:12:42 0.3088 0.2023 0.7286
}_‘jjﬂ(%ZH_j;EE‘}Jn & 5]6 JE‘I;‘ ISEFW}:RJ:}I‘ El/] 4 10:12:44 0.2229 0.1467 0.5799
5 10:12:46 0.4630 0.3523 0.6914
AR A
® The grinding failure of the auxiliary thrust L
surface of the turbocharger rotor system & A & (=
occurs in the period from working point1 to N A :> ﬁ\\
-
5 .In this process, the total pressure levels at %
compressor and turbine ends also show a e | MR

rapid decrease and then rise.



B -
—. CFIHEEE t_sm

Sallcil

CFD Simulation Model
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Based on the analysis of axial force
and numerical simulation of axial
turbocharger rotor system , the axial
variation of rotor system during the
switching period of turbocharger
mode is studied.
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It can be seen from the diagram = h N "“"\ i sl
that the numerical value is basically JI T .- "] i
consistent with the performance S . P i R "
curve of the compressor obtained o
by the test .
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Simulation Results and Law Analysis
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Numerical results of compressor
and turbine
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For the disc cavity behind the compressor
impeller and the turbine wheel disc, the
variation of the pressure at the outlet of
the compressor impeller or the outlet of
the turbine moving blade with the
operating conditions.
® Pl. P27H1 P4, P6 NEUEEITHEEREIRE
RYBEREN BRI R EREIMNHY SRR EE
, BEEIMIS R ENEFR.
P1\p2 and p4\p6 are the static pressure

values , the weighted average position of
the static pressure value is shown in fig.
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axial flow supercharger, the = /%/ =4 wes
stress of the rotor of the — // % =1 1=
supercharger shown in fig.8 E; /4 — L —
is drawn — )
LT R A H 45 1 T -
ARXHA (1) B2 (8) 4 ST |
From formula 1 to 8 ,the F“:f'%@ '2””’:%41);_1)‘{%” >
formula for calculating each Foo= P (D2 - 2) o
axial force of rotor system FF. fFCZ_F“ »
given. FT1=’W(11—&)+GT<VM—VTZZ> s
F”:j;;a&j .2;mzr=%134 [Dﬁ—Dﬁ[ﬁ—j] } o
Fm=P7'%(D§—Df) %)

Fo=F,+F,-Fp; (8)
10:52 1
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© 5244t T FE R I 2 AT U 3 07 L3555 S
R, A LR HERH T TCRI2TCYIM 2 S5 i T e ey
2% TUAINIME Y, RS Sk Ak | T T L T T s
pie AT N A e W L A2 P2 20530 23629 185.02 14890 174.62
IR DI AR R, JRAGIEE | [ S0 T L L e
%%%E%?E;M?hgﬁﬁﬁf%%%m Purbo covity 8958 6907 7820 831512472
2 N7 IR EE, HhimE DA T2 %2 T4 —
MI3ES P, J7 AL 0, (e [ -
BN o B A B 1Rt T 52 70, T 8 2000] O\ /=M 10
P T O R B R 0 1500 \V oo L]
®The results show that after switching the —-— 1/0 \ :
supercharger mode from 1TC to 2TC, the E 500 AR iﬁ-x- ----- ' O‘B{Eﬁ
axial force always points to the vortex end in 3 & o & _o_yiag
seconds from working condition 2 to 4 ,and & 500 e \ % [, E
the material of the auxiliary thrust surface is 10001 BETR |
soft , which leads to the failure of the final 1500 -
guide. 2000 ﬁ:ﬁ Do o4

R S A
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Design Improvement and Reliability Verificatiof™"
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€ Increasing bearing area and material hardness can meet the design requirement.

10:52 13
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Supercharger Platform Verification
Through the low speed surge test
carried out on the turbocharger
platform test, as show in the figure, the
wear amount of the improved scheme
changes very little during the same
examination time, which greatly

improves the overall reliability of the

; supercharger.
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®Matching Machine Reliability Verification

10:52

The improved auxiliary thrust bearing
assembly scheme carries on the reliability
examination test with the diesel engine, the
supercharger body has no fault, and the
reliability of the whole machine is obviously

improved.
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through the theroretical analysis and numerical simulation of the
failure of the auxiliary thrust surface of the supercharger during the
performance test of marine diesel engine with successive
supercharger, the following conclusions are drawn:

(1) 1B/E=s4mE)1H

EEAIRESTER R TIEEE R | T

HINFERT R [FSEHY,
The grinding failure of the auxiliary thrust surface of supercharger is

due to the short time reverse of the axial force direction of the rotor
when the booster mode is switched.

HE 57073
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(2) ESRPEREREERE TR AT HIRT IR |, ?F%HHAB%
EHWFREEﬁE%MM, 2B L HE S RS AT
The axial force of the supercharger is reversed and then
returned to the normal state during the time period of the data
acquisition working condition when the fault occurs, and the
whole auxiliary thrust surface is subjected to rubing for about 3
seconds.
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A (3) W RAEAEEEIRSS BT IEERS | & REIEI YIRS
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for the diesel turbocharger with successive supercharging
modes, considering the changing characteristics of axial force
of the supercharger during mode switching, the auxiliary thrust
surface on the rotor system should be made of material with
greater hardness, and the bearing surface of the auxiliary
thrust bearing should be increased appropriately according to
the level of the maximum axial force of the auxiliary thrust
surface under the fault condition calculated in this paper to
ensure the reliable and stable operation of the subsequent
supercharger and diesel engine.
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A The test results show that the wear state of the modified thrust
bearing is obviously better than the prototype, and the

reliability of the supercharger and the whole machine is great
improved.
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