Fig.3-35 Picture of the interior of automobile for wind tunnel experiments. Interior panels and the
seats were removed to eliminate the sound absorbing effect in experiments.

Fig.3-36 RU 3-37 ICRNIGO BT ERLIRBENICAWV-REE D LB T -2 O FEETMEEE
RERT BITHREZED/NEL 8200 HHEFOEMTIE. BV EIKRBDOEAIEFTTETTLVENIE
BhHmbd, 52 B FDOREN TIXERE 4kHz (HEEFTERBEER T HILD M D, IR
LTz RS IZAEEE Imm (F/MEFIE 0.1mm) DEETICK>THIZLT D ERBF B D BRI EGETE
TWAI e,

Fig.3-36 Distribution of instantaneous vorticity magnitude on the surface of an automobile
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Fig. 3-37 Comparison of calculated and measured surface pressure spectra of automobile (Red:
Experiment, Blue: Fine mesh 52B, Green : Coarse mesh 8200M)
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(a) Coarse mesh with mass dumping (b) Fine mesh with mass dumping

(c) Fine mesh with mass dumping and stiffness dumping

Fig. 3-38 Distribution of acceleration on the surface vibration of an actual automobile caused by
unsteady flow around car body

EE;Meésur-ed = — —Measured

L= predicted - — predicted |

RMS [m/s]
RMS [m/s']

. " 1000 . o 1.0E-04 - - ....:.. e i 1.2 aall
10 100 1000
f(Hz) f (Hz)
Rear panel Front side-panel
L.0E+00 T :
~— Measured
A R e re@icted |
% :
= 10602
E

* f(Hz)
Rear side-panel

Fig.3-39 Comparison of calculated and measured acceleration spectra of surface vibration
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Fig. 3-40 Computational domain of interior noise simulation
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Fig. 3-43Contours of vorticity and acoustic particle velocities in the cabin
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Fig. 3-44 Comparison of predicted and measured 1/3 octave-band sound pressure levels in the
automobile cabin (Error bars denotes maximum value and center value of simulation area)
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Fig. 3-45 Computational domain of interior noise simulation (modified)
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Fig.3-46 Comparison of predicted and measured 1/3 octave-band sound pressure levels in the
automobile cabin
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Fig.3-47 Predictive result of P-Q characterstics of a cooling fan using 86 million and 690 million grids.
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Fig.3-48 Flow structure on a blade surface using 86 million and 690 million grids.
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Fig. 3-49 (a) Overview of the thermal wind tunnel simulated in the present study, and (b) the
close-up view of the computed flow field around the test section (indicated by the red filled square).
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Fig.3-50 Comparison of the flow velocity at the test section between the present CFD and the
experimental for the inlet velocity Okm/h (at the idle condition) and 80km/h.
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Fig. 3-51 Benchmark test of FrontFlow/blue on K

(3-2-2) mIDEMEEDO Y —F B

A—RBHREARERDEBEOERIRERNREL-RIEAFEERHEL -, #HE50&E D EMRREIL.
BERATHIIURTE, TOTRICEINIBEIEREER (TA72—FBXURIO—)L) IZ&YIE
BEh, StEMEEELTAURSAONSRYO—)LHEOFETH EfMH S KExt % ELT- (Fig
3-52) 0 SX DU TL—L o EEBT. BHEREREAV-EEERBTEZTVR BT
BEBDIENTE F . TA—TH—CEMICAIT T REREESETIVIEL 3 RITEHaH
CFD A LI=ETILETE (Fig. 3-53) ICEALTRBLE BB ZENTEE=,

124



Fig. 3-52 Trial application to centrifugal compressor
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Fig. 3-53 Simple model for surge analysis
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Fig.3-54 Multi-Stage Centrifugal Pump
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Fig.3-55 Comparison of total head of multi-stage centrifugal pump

Fig.3-56 Distributions of instantaneous axial velocity on center cross section
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Fig.3-57 Comparison of pressure distributions in the leakage passage in the 1st impeller
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Fig.3-58 Distributions of magnitude of instantaneous vorticity in the leakage passage of the first
stage (left top: shuroud side wall of liner ring, left bottom: hub side wall of liner ring, right:
passage behind the impeller)
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Fig. 3-59 Vortical structure on a blade in the centrifugal fan
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Fig.3-60 Comparisons of pressure fluctuation on the casing surface of the centrifugal fan
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50 R)ERIBEETODRERRIBETET TSI ENERTES,

RIDERERAERND LES BFBATICKYELPBREITERT IRENIZKY 2 EBTREFE
LINZRBRELTERBARIZE R =B EMITEERELT-, Fig3-2 ITEEBITOGEETIL
BEUEHERFERT, Figl3-63 [CENBEEDOHERRLEREROLEEETRT , RRIERICH
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(4) 5 billion grid (three time refined)

Fig.3-61 Instanteneous absolute vorticity on the impeller blade
(left: suction side, right: pressure side)
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Non'reﬂecting boundary condition (b)Cross-section of the mesh
(a)Overall that passes the rotating axis

Fig. 3-62 Computational model for acoustical analysys
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Fig. 3-63 Comparison of sound pressure level

(3-2-5) KERSTFF1—TAEBRNEET
KERSTF2—TRHNIZRETZANEYROEEFEBATHEEBMIC. KERSTAFa
—THDFEEEXVYET—aVifind LES BIEERELz. CNETORIIFEIZKY, FSTH
Fi—TADEEERNGERERGIET 502K, SoF—48OEHENLETHSH L
NEDBINTLD T, AREICENTE, 16 MOHARR—2F3 D25 —L U T REEEU 13 D
PRESUF—FSTHEERRL =, STERFIEIN 12 BTHS, S0 FT—ORESZAOEN
138mm, HAFEM 125mm TH D, AEFTDBMIEFSTFF2—THOSNEYBD T THS1-
O, INDRETIHIHRE(EESDHEAD 65%RE) L THEEFERLIz, COFHEIZHT
3 E(X0.02mYs THY ., SoF—DREERHIL 1272pm TH D, SvF—HABREB LUV TOFY
TEEER—RETBLA/ILAEIEH 10° TH B,
FrET—aVA RS INFa—TABRNICERSEEBERAET 510, FrET—3 kL
DHEICHA ., FrET—130#ELT.0.20, 0.15, 0.10, 0.05 Z5Z =FrET—av NG
EEHLI, FYET— avBERS T F1—THOEAEBANRRENEES F—HAOIZE
(F3FVTRAENSHEINDIHETRBIELI=/S5A—4TH B, Fig3-64 [TFvET—2a0#
0.20, 0.15, 0.10 DIFTEDFYET—aVEFHE VRO BRERABIBE 05%DHFEEELTRT .
FrET—a v BDBALEEBIIRS TN F1a—TAHADBNKREERTEHIENAHRETES, Sh
B YEDSNEY EREE Table3-3 IZRT . SNEIYREKE FET5F—DEEH THREELLTL
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b, Ff=. REDN—EULRTRIE. FYET—2a0BLOBEDSNEYERENMSDES %,
FrETF—avBLOSNEYFEHRTHRBIELETH S, REY., FrET—2av#DEDI
FEOANEYRRBEAEML TS, COMER EHEEEN KF CTEEIN-EBRERLECHER
D TINA,
KERSITFF1a—TADFYET—avFinDEFEHRsFER (REIERED 65%) X
UXRRER (REPDERED 130%) DEEEHIZHLTERLIz, CSTIHBIRRERICET
SIEREHRET D, A RETIEHIUFT—EEHD 25%DEEHTINEDLLIBIERINT-,
Fig.3-65 IZ¥ ¥ ET—2av Mo ERSTMNF1—TRHICHBESNDBDEFZEELO T, CCTHFYET
— LA BEFEEFALBNRRETDOELEET A TRBIELLETHY. ChhhINFEEF
YET—2aUvMNRELOTNEHRELD, 22T 0=0.05 1IZ8IT5ERRIIBEERTHEEIND
BRELCLEHSTEY.,. COFETILREEZELLELADNTWVREWNEEZLONS, COEHIL.
KEDRTLEEDBENROLCEBEMENEESIN TG ZHEEZATEY., §&. ChoD%h
REZETH-ODOBENLTENDETHIENERSINT,

Table3-3 Precession speed of the vortex rope with regards to the cavitation number

Non-cavitating computation 0.246
0.20 0.249 (1.2%)
0.15 0.252 (2.4%)
0.10 0.256 (4.1%)

(a) 6=0.20 (b) 6=0.15 () 6=0.10

Fig.3-64 Instantaneous iso-contour of liquid volume fraction equal to 0.95

132



Fig.3-65 Iso-surface of the void fraction (5%) for different cavitation numbers
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Fig.3-66 Entropy distributions of the virtual turbine
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Fig.3-67 Instantaneous structure of vortices in suction sump
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THRAETLHH. BRBNGWVGE EBIRICELLEIEN O ofz, &Y. KFBEDERINE
REDROIIT7THAIEVSLEDANERLBENTH D, T . EREMNERTH-TH. BiR
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(1) Turbulent boundary layer  (2) Laminar boundary layer (3) No oundary layer

Fig. 3-68 Comparison of vortices with different types of approaching boundary layers
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Fig. 3-69 Comparison of vortices with different types of approaching boundary layers

(3-3) MMKICEET %
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Fig.3-70 Distribution of instantaneous vorticity on the ship
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(a) Stream-wise velocity (b)surface pressure

Fig.3-71 Flow fields around the ship with propeller
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Fig.3-72 Free surface distribution around the ship
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Table 3-4 Cases performed.

[ ] T - -
"L;J]l Ilél Case Ilet |UorV[ms] | @[-]| Z[]
i L T r—— @ Rich-Lean A 36 0.74 | 0.028
— i B 43 149 | 0.057
=F 4 ; C -57 0.25 | 0.0094
- D), ! Lean-Lean | A 36 1.00 | 0.038
3= I ]
1 . B 43 1.00 | 0.038
{ { )
Ji . i C -59 1.00 | 0.038
- - S
g 8§ 8 ¢t
e | s | s | -

Fig. 3-73 MHI gas turbine
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Fig. 3-74 Instantaneous gas temperature (top), mixture fraction (middle) and velocity (bottom).
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Fig.3-75 Comparison of time-averaged gas temperature
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