52 BAAR &2 —EFRE

Vol. 49 No.1 2021.1

| Beffrm S =

MZEHT > Y Vv A ¥ Ly +ORmNGEAFT

CFD Simulation of Inlet of Aircraft Engine Nacelle
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For demands of lower specific fuel consumption and environmental impact of aircraft transports, turbofan engine

development continues towards ever increasing bypass ratio engines. In designing higher bypass ratio engines, the

larger fan diameter and nacelle size result in increasing of nacelle drag and weight. Short inlet and Slim-line nacelle

are needed technologies to minimize the impact of larger fan diameter on nacelle acrodynamic performances and

weight in the future civil aircrafts. However, Short inlet may reduce internal diffusion capability and increase risk of

fan inlet distortion due to occurrence of boundary layer separation on inlet surfaces. The flow phenomena that occur

in nacelle inlet are investigated using a small rotating fan test rig in JAXA (Japan Aerospace Exploration Agency) and

the pressure data on the inlet surface were acquired on different conditions. Computational Fluid Dynamics (CFD)

simulation validated by the data predicted the effects of short inlet on boundary layer development on internal surfaces.
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Fig. 1 JAXA small rotating fan rig

3. 1Ly bR

RIFFETIX, 1 ¥ Ly MERBICX 2N~ E%
WIS AHIINVT AL Ly b e, ERERIOEW
4Ly b (FEVAL YLy b)) 277 rhlEEREIC
ARLNBHOBE T — 7 Z2HUF L7z XV T ALV
Ly MEtill 7 — % % JH W CCED#HT A 5 o 7 SIS FE M
AEEFEAR A Y Ly MRENWGOHRE T 572 LT, S
A ULy FOREERIERE (VIFLL Ly M) &
Avby PEEEMLAZEE (Ya—M YLy M) ©
2WREEFRMEL, BT — % O L CFDENTIC L %
MNGO R Z T 72,

3.1 HERRMH

4] @ FER T T 134,000rpm,  6,000rpm, 9,000rpm
EREL, ETONEBIIBVWTRLVY T AR+
VA YLy hORBFT—% 220G L7z AHE T
9,000rpm @ £ 14T O ARG T D 434 & CEDIFAT & D I
2Ry, WBEHNTENEA YLy bhSTaEin:
WG L7ze ERZ VY VYD 7 7 v F v T
BIAEL L72ME, 7 7 VAR EICER LT 7
VEIE O ER O BIEEEIEF29,000rpm & 7 B 2 L B)ER
HAROCFDIRMT CHEE L THB Y, 9000rpm5ftix 7 7
NEB DT A FVEMICHYT 50 RIS ER S
RV R O 7 — & BT T, R Cld,
T A YLy MR OHIROMERER L LT, it
WEMTOA v Ly NCEDM#NT & R BREHI T 122w
THHd %,

3.2 NIYIRALLy b

Table 1124 ¥ L v F OIS :%, Fig. 212788
ERT o NV AIET 7 VEIE LT RME— 5 hE
UM RIEIR E o T B A YLy FEIZT7 7 &~
) FE 57 /7 DAIP (Aerodynamic Interface Plane) & X
W= ANy TN E COMMEE L7, BT EHIAE
W LA E 2 STIE LCEFICHF S 2 E LT, Al
[ 45 ] PR 164 18 Tl 5 100121040 (ST1 ~ ST10) o4& &F
160 DOFET— % Z#BHH L72e 22T, AIPIZA v Ly
FeTr vBREOMIZEESNLIBHETHY, 1~
Ly MRS X OO 2B (Hmsh R, HES)
MPEDLTHNGD 7 7 VEIRICED L ) ICHAT 20 %)
DTV B, KIFEDOCEDINT TIZ 7 7 > B HIE [
OB 5 R % AIP & L 72,

3.3 FEILALY DB

FREL T DRI RS N DA, ERBA
NAARIZ RS 5 2 AHXHA i R RATIRIE A B L CTH e A ~
Ly MERDRE SN, FROBIELRL MM AOSE
RBERICEDF VA Ly MEEOFRNMEIZEAL
T5H5IER, FEIVA YLy METHEGEZHEEIC L > TE
N5 T LM EMDINZ HLERBH D L, N
XY AAL YLy MIRLTHFELVL YLy bDY) v T
RIGHCEMOWMENIKRELL o TWD, /M7 7
BB 7 7 U r— Y VU RIZEDLET, A VLY

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



54 MZHEEAI D FILA Ly NORNIGEIERN

HEA#HR 2 -—EZR0

PAOY v 78 N 54 M), Au— MEERTEL
T, Table LWRENTWBEFELVIBIRZHWTAY —
VL7244 vy MERZEETL720 Lie/Dan 1AW
HFEVEREZZRLC05E Lz Ya—Mf YLy
ME, J3IFNAL YLy b 2T — FREEE S AIPO
B % A U2 LT, Line/Dumn=035& 7 2 IR & 3%t L
oo FROTICHERSINDMERT YD O848, Kt
M2 RATHIC R R E THOBITE 2 TEATF O iR o
MNP ZL S &5 8% (UPWASH) & #fRZsC
WMADH DL, WRINAZ VY vilcst LTRAAD
O 7RE TR ELADRAT Do SOz, £ VLY
FEZR LT E 5 B IR 252 0 A b & 9
WCEBLT, —BHIZFELL Ly 2L VLY
ME% 3° ~5° HIFAEIC by 7RI DB R 2AHD
Vo THImAHRFICT T T LAE (FVv—7MF) 28
BHE NS, RIFFETIE, FUV—7MEIE5° IZREL
7oo BETIRHIIE A KIS RIRE O 8 Al Tl s 7 5
(ST1 ~ ST8) DA DEET— % Z Wi L7z, i
FEFHIM i 1 B friE 2 ST1E LCEF IR 5 2 ik
L7z

Table 1 Schematic geometry of inlets

Nacelle inlet
Parameters Bellmouth Nominal Short
Lintet/Dian 0.87 05 0.35
(Rui/Rin) 10p 1.36 1.11 1.11
(Ri/ Rin) bottom 1.36 1.16 1.16
@ droop 0° 5° 5°

Linlct: /f vl ]\E (ﬂ_“b)b’} ‘770%%"’ AIP)
D[an: 77 ‘/7“_?‘/‘/7*?% (150mm>

Rui: A YLy by TNnAg T4 FEFE

Ru: A4~ Ly b AT— hPfE

adroop: F)V“Tﬁﬁ';\

NATA DAYy MYy 7O ERALE

4. BIFTETINVE SIUOHEREITTE
4.1 MBIRETIV

>t A Ly b OCFED#NTE TV % Fig. 3 (IR T,

AUy e ) —=RXa—rEHAaEbELEIRE LT,
7 7 Y EIER Z B L 2 Wik SRR 0 A D FEATE TV &
L7ze 2, SREKLZA > Ly FNEROR#E T
RS, 77 vEEBESECEHTL L L, 77
CENE 2 AT B AR L B AT R & T 5 2
LT, 77 VEIEDA Ly MR BEEOHHZ
BIHrZEEZHME L A Ly MEHIZ, ALy
FDOBTES R — e B IAEITI 7 V¥ 7 M &
TRANIERET 2 2 & T, HOBERS YLy Miah
W52 5B eI/ Lizs 72, A v Ly M%)t
2R A WAL R, HU A <0 R R 7 70
EHRRIIROTNIIC L o TRELSELAEN S Z L0
LNTW5D, BILZEE IS YLy M d oA, 1>
Ly MORIHOWEIFIL L2354 » Ly MY A
Ih, NV ToOBRTBICHI»PODEEEA YLy b

WA T, AHBHIROBFEZ A YLy MYy T
LR T XDmm& L, 122 XD D E S5 OHV A
WO % 8 L7z i 3B FUBIRASR T M5
LW XD 25X Denfill /712 7 X D@ L ERIE
K& % HHPHEFIEFE L L (Fig 3 (h)2H),

F72, NI TABIOF VAL Ly MERIE Ny
ThEEZHRLE L TCEANBOIREZAGLTEY, il
BREE L EARNME 2D 2 ENDRIEY) VY — AHIRD S
[N N A 4 RN AN TS e SR R
T180° &7 & MEMEMHEM & Lze M4 EE& &
JVIEANHRE VTR L, BEMICIH-> T4 BoEREL
A X —%FE LTI LV OEEKT S v,

Linlet

.. I)fan

(a) Bellmouth inlet
L

inlet

« droop

Rhi top

R
Rhi bottom th botton

AIP

Nominal inlet
Short inlet
(b) Nacelle inlet

Fig. 2 Comparison of inlet geometry
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Table 3 Numerical Scheme

Inlet Non-slip adiabatic wall CFD code ANSYS Fluent
Nose cone Non-slip adiabatic wall Fluid Compressible air flow
Fan duct Non-slip adiabatic wall Scheme Steady, Density-base, implicit
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Adjusted static pressure to fit to
experiment Cp level.
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Fig. 3 Computational model
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Fig. 5 Cp distribution on Bellmouth internal surface
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Fig. 8 Curvature and Cp around nacelle inlet lip
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Fig. 9 Cp distributions of nominal inlet
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Fig. 10 Cp distributions of short inlet
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Fig. 12 Turbulence kinetic energy contours at top
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