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ABSTRACT

An aerodynamic design for centrifugal compressor which was applied to medium speed diesel engine has
been done. First of all, exact compressor specifications must be defined by accurate engine system
matching. This matching program has been developed. Using the meanline prediction method, geometric
design and performance curves for compressor were established and verified by comparing three dimensional
viscous CFD results. The deviation at the design point was about 2.3%.

Combustor has been designed and manufactured for the performance test of medium speed diesel engine
turbocharger. Fuel nozzle of combustor was designed and its characteristics was analyzed by PIV and
PDPA test equipment. Through these results, spray characteristics were studied and flow coefficient
equation was deduced.
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Table 2 Primary required matching data from target engine
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Table 3 Turbocharger specification from matching results

S| 38
#E7] i 150 kg/s
HE5s 76.5%
5 B 32
ddzé 8%
Fr ¥ 64%

32

R -

AH4E719 712 2AE ARG fAE B &
olFl 4F7| AlEE WEATIE 7181 P4k Ao
o IA AR Uxo] A £ 9 A Hsle 7
2 st AARSTE oln &1 Qe AS
simple scaling methodo]™ F+ WAlE gl go)a
o] BAIHE single zone methodol™ o) 59
35S MY stream-tubeZ 7HFE)E A HAE &

T UE 1A 941 AES) doja Jdoz 7}
o AXFlE two zone methodol™ ¥l HAE QARFA
Y7ol Z7ER ] TRl 4 A Z FellA o
] 277G T2 4T FE Uro] Y
& 3he TEIS(Two Elements In Series) method?} %)
ot Two zone methodolXE 52 F 99 9 ¥z
el tig Azulg WA o] ¢ FsHd
TEISIME F gl gt ¢&ATE B dFe
ARE WOR ok sk ofg Rl 9}‘:}

B A e g A7 BEAA AlFoZ Y
Aol drE AANS (98 &8 H&EE 5
F23t9] single zone method®} 5838k &431%ch

2AAR g AedEZelde 457] Yol &
At o f_"d/‘é—'-ﬂ"—% Akste] 35 W
o REAEZNE O kR &4nde] 24y
Adck 719 ¥ER (tuming), °HE, 95, g o
2 FAEE DRAEA, AFAS CFAedA 24 33}
= 2%3<E4A (incidence loss), AFFACIA uE3u
o7 FolAEA AV|e £43 ddy EFA9 &
33 vpel gt &4 9 OFACAMY A A4S
et 3)de g tFAY &4z PN

AA 9 AR tig AsdSd e g A
(slip factond] AAE 71EY 2747 27l 71ske
=3t 2 (20) (Wiesner's equation®) Tl 37859 &
FTel met AAEE 4 (21 (Oh's equation®) S &
SoEH Hrp AHT B2 AHE =& aa) )

o°“

=7| &l HIolH

- 4798 (Pw), Y72E (Tw), $EFH] (Heage),
AZRZ (ma) v AFRZF Q)

- AAEE (Nowge), VRHES (Mroter), AT (N,
J28 274 Br), "8 AF (0) ¥
HFA d8AT (K C) (BAAS 3E 7w

FADIAKG HOA, H2&. 2008



38 Azl

EHEXM HMLtE7|o
QIFAM &A

AT HiE Ry AHEES Ha= °}~ EE
9 gor tgd 22 Aox AR

1
Rzip_ R)?ub+(118r84?vi)3 (9)
My BTN Y 2

Ahy = CToo (MDA -1) © GHAZFIIE2Y (10

W, = ARy Mapge © THAFE A4l & (11
t= JOGrEL e 27 a6 Q2
p,= 8% : gy £747 (13)
N
Py (W, :
202 M rotor -1 . olx H
i ( Bl +1) LN (14)
o= (2 T e 279 A= 4 (15)
2
Ay = ——ar Iy 27EA (16)
P2Com
_Am . omg 222
by = D, a‘—'ﬂ T3 Qa7
n= o2 QY &7 S (18)
2m
— ol o 2
b= T ranBa) A A (19)
o,=1-— ———‘COZSMBQ » slip factor (20)
[ 3 DRsing, } 1)
0 =1—(1+gootB  1—{1+ u @D
eré__‘ﬂ>
T
F2 geEed 798 o5 Zo
SADIAKE HOH, R2S, 2006

FE8 d27| 4

= _ tana,
Head,goy = a U3 (1 G Tamio & tanf; ) (22)
(1= Ttage) X Headyey * TAIRA (23)

D,

o _9 ypxeEAEN (4)

( U12 + UvZ ( Qdesign

)< (-

04C% + 02507 + 0.25(C2 — G?): e}/ FAEA (25

AFH 71EAPL U 2ok A
1 =
blockageﬂ]‘r Dre E4H|, Zre
Aoty £ =% 4 (9)~EBhe
Fustglon 224, 5=

Johnsen"?3%} Eckardt ol 2z} B4t

bt
2
.

FolN e e ol 9By FTARE A
7o) & A% vlny A wRHA AL

Folo] A% AR B S AYRT PHHoR
28 A

Qg AT9 27 A7) AYE T Hekes

i

o} Sl AMAS A3 4% 33 gy
Joi= AA (4T E£3H7F 649 Bezier polynomial
248 o] gslol o}d) Fig. 19 vlF4E o] A
EaA Ao g Ao 2 JEF o)
iz Z-l 18 9=y %?o]—r A g2 0131131 3‘]_‘1
9] leading edgeZ 7Hel71™ A 2, 3 4, 55 AZsA
oA AL AR} AN FAE sty
oldl Fig. 29+ &2 HF Yol A48t F&3H4 2
#2 7RG AAGY §8 2 AFPFEE F 9
gerslnA ¢y FAdw Hedse] e ALt

Aom B AfME FENAES 15 mmE FIUTh

=

Fig. 1 Window to generate camber lines

33



o™
Ofet
rdo
Hu
of>
el

Fig. 2 Front view of the designed impeller
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Fig. 3 Pressure distribution for the impeller and diffuser
(boundary condition : “Table 5”)
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Fig. 4 Pressure distribution for the impeller main blade
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Table 6 Comparison between design and analysis results
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Fig. 5 Performance map for meanline predictions and CFD
analyses
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Fig. 6 Isometric view for designed turbocharger
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Fig. 7 Compressor Volute
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Table 9 Flow distribution rates at each position for the
combustor liner (unit : kg/s)
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Fig. 10 External appearance of
combustion chamber

Fig. 9 W501D liner

Fig. 12 PIV photograph at 30 bar for 0.7 mm nozzle (unit : mys)

Table 10 Spray characteristics for different fuel nozzles
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