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(The University of Tokyo Cartesian-grid-based automatic flow solver)

« Hierarchical Cartesian grid (cell-based refinement)
+ Automatic and robust grid generation
+ Orthogonality of the grid Ty

* Immersed boundary method with a wall function?) for
high-Re flows
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1) Tamaki, Harada, and Imamura, AIAA J., Vol 55, 2017. 2
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B

UTCart in APC-8 p BEANT
(Funada, Imamura, & Sugaya)
» Free-air cases were simulated with three different grid resolutions

« Grid convergence of Cy is obtained with >200M grid points

(using a second-order scheme) 2.50
225
o 200+
= 100M
175+ == 200M
== 400M
1.50 —&- Exp
H ] 15 20
afdeg]

“ERERAIERESIEEIE .

TEREERERESEEEIE -

. CERERREERESEEEIE -

——

l

100M-grid 3
Objective o BEAT
» Demonstrate capability of UTCart for complex in-tunnel flow geometries
= Evaluate effects of tunnel wall / floor boundary layer / standoff
. In-flow BL profile
| Exp. a° UTCart
_a® (In-tunnel)
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Numerical methods/ grids o ERRT
Governing Equation RANS
Turbulence Model SA-noft2
Inviscid Flux 4rd-order upwind biased?® + SLAU
Viscous Flux 2rd-order central difference
Time Integration MFGS (Local Time Stepping)
Wall Boundary Condition IB+SA wall model
Distance between IP and wall 3Ax

+ Minimum cell size: 0.26 inch (C_;/1024)

» #of cells: 114~119 M

3) Tamaki and Imamura, Computers & Fluids, Vol 144, 2017.

Results at low-AoA
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= Lift at low angle of attack is predicted accurately

26

< In-tunnel “.n:s'
24} < Free-air .
g Ll In-tunnel
221 Exp. » . & | | o = Free-air

S

(uncorrected)
rs

it gy

2.0 I —1F
-" ° ab
H (corrected)
1.8F Y 1
(J’: 1700 ]TJSI_} A 1800
y . . T ine
1'6 iE i

1 III:CI

00 1900
x inch

14II)C| 1600

This document is provided by JAXA.



40 FHAZERTTED SRR R BB JAXA-SP-23-011

Tunnel effects at low AoA e BERT

* |JTCart predicted tunnel effects at low AoA with reasonable accuracy

Funcorrecied = 5.98°
Ronrrected — 7.05°
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Stall prediction e BERT

» Stall AoA differs between the free-airfin-tunnel simulations
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Floor BL / standoff height o BRAT

» Several additional cases are conducted at @, ecea = 17.98° tO clarify the causes
of the different stall behaviors

= Simulations are conducted with/without the floor BL

Wieo standoff 35 inch standoff (baseline) 175 inch standoff

S P S >
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Effects of floor BL Cp BERY

« SB separation is promoted due to the floor BL
» BL over the fuselage is thickened (as in lto et al. (2022))

w/o standoff w/o standoff
w/ floor BL w/o floor BL
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Effects of floor BL p BERY

» Contrary to expectations, the floor BL does not make almost any difference
when using the 35 inch standoff

35 inch standoff,
w/ floor BL {baseline)

35 inch standoff,
wilo floor BL

LCF_,M
ﬁ .mlztm BL thickness reduces 1
Effects of standoff height o BEANT

» Separation enlarges with a higher standoff height

w/o standoff, w/ floor BL 35 inch standoff, w/ floor BL 175 inch standoff, w/ floor BL
= = -
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Effects of standoff height rEEAT @

* |nboard suction peak strengthens as standoff height increases
ACp= C}ij‘ltlud} - c;ﬁﬂﬂ‘}

P = 398 O m
0.2 0 0.2

w/o standoff, 35 inch standoff, 175 inch standoff,

w/ floor BL w/ floor BL w/ floor BL

Effects of standoff height BENT @

« Effective AoA increases due to the fuselage
— Separation in the inboard region is promoted

Fyncorrected = 35.98
w/o standoff, 35 inch standoff, 175 inch standoff,
w/ floor BL w/ floor BL w/ floor BL
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Effects of standoff height o BERT

» Effective AoA increases due to the fuselage
— Separation in the inboard region is promoted

Ayeorrected = 17-98°
w/o standoff, 175 inch standoff,
w/ floor BL w/ floor BL
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Sensitivity to turbulence model =g ®ExAF

» Turbulence model has certain influences on the separation pattern

SA-noft2 SA-noft2-QCR2000 SA-noft2-QCR2023(b)
(Tamaki & Kawai, (submitted})
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Conclusions e BT

UTCart has been successfully applied to the in-tunnel flow simulations

Except for the stall conditions, the CFD simulations well predict the
aerodynamics including tunnel effects
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Half-span model experiment introduces twofold effects on the stall
* Floor BL thickens the BL over the fuselage

« Standoff increases the effective AoA in the inboard region

Turbulence model should be improved further for accurate stall prediction

This document is provided by JAXA.





