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* Density based Solver
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Pressure based Solver
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Pressure based Solver
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= PCNFoam

« Kurganov-Tadmor flux splitting [T rowieioos 1]
pSK=X SIMPLE Ioop ]
scheme = o

(Continuity Eqn.)

i

Calculate temporary velocity field
(Momentum Eqn)

FISOlop |
x
Flux spliting with temporary
velocity by Kurganov- Tadmor

« Low Mach number correction
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Calculate acoustics Courant
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Density based Solver

FALSHHZ2 2USH RS HYE dMots 2SS 2ot M BEH
A
T

OpenFOAM 717 L|E| 2| 2 g otet el | CHyot 712 =3 S 0| X|&

4 o

Tay U ARLIE w3

r

- E
£ At8sh s M ol 2

v Heyns et al. : rhoCentralFoam solver
v Modesti and Pirozzoli : developed a solver named rhoEnergyFoam with AUSM

J.A. Heyns, O.F. Oxtoby and A. Steenkamp : Modelling high-speed flow using a matrix-free coupled solver.

YA EE : Steady state compressible solver, TSLAeroFoam with LU-SGS

v

v

v’ HiSA.: 13/08/2020. https://hisa.qitlab.io/
Z:
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Density based Solver
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.« ESI penFOAM(vzzos)%%H%% 7)gto 2 ot = 7|Hto| OI&HY Al 2 ERF E
ZHEA oYX EE YA S Aot 2 Ht Coupled S A Xt 7Y &
ZHXHE R AUSM+up, HLLC M &

Al ZHE 29 : steadyState(local TimeStepping), Euler(Lst order), backward(2nd order),
Crank-Nicolson & -&
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« rho, rhoU, rhoE solver : Matrix free implicit solver
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* RAE 2822 2D Airfolil
R EES
+ M,=0.729 (NASA NPARC)
* NASA mesh : 23552 cells(plot3D type), Fine mesh : 35892 cells( hybrid type)

« Characteristic farfield boundary condition

T 255.556 [K]
Mach 0.729
AoA 2.31 [deg]
c 0.64067 [m]
p 108987.773 [Pa]
u 223.6 [m/s]
Turbulence Model SpalartAllmaras

MSC| x| St
SEDUL AL LIERSTY

Slide 9



X

[

olo
AR

73 ol

* RAE 2822 2D Airfoil
= PCNFoam & S &

 C, contour & surface C,

. B

S = o [ re
1.140e+00 5 0 57 1.140e+00 3 T NAsAwWIND.

( - - - Pmsant(NASA mash)
——— bresent(Fine mesh)
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 RAE 2822 2D Airfoil
= dbturb = B A

 C, contour & surface C,

>
l o - Experimental data
- 14 o NPARC
= o < g e OpENFOAM Standard solve
o ChenFOAM(Dansity based solver)
x
! ! ! !
I~~ 155 0.2 0.2 0.6 0.8

x/c
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* Onera M6 wing
= oM =
* NASA NPARC Conditions

* NASA mesh : 800,000 cells (plot3D type), fine mesh : 2,400,000 cells
« Characteristic farfield boundary condition

v 255.556 [K]
Mach 0.8395
AoA 3.06 [deg]
< 0.64067 [m]
P 80510.081 [Pa]
g 320473 [m/s]
Turbulence Model SpalartAllmaras
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* Onera M6 wing
= PCNFoam & S &

* Sectional C,, contour
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<NASA mesh> <Fine mesh>
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* Onera M6 wing
= PCNFoam & S &
« Sectional surface C,

OneraNts_Cp (y/b=0.44) Onerahs_cp (yib=0.65) OneraMs Cp (y/b=0.8)

Qnersms_cp (vm=0.9) Omerams cp (y=0.95)
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* Onera M6 wing
= dbturb 3= Sl A

* Sectional C,, contour

<yb=020> |-

<ylb = 0.44>

<ylb = 0.65>

<y/b = 0.80>

<y/b = 0.90>
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* Onera M6 wing
= dbturb 3= Sl A

* Sectional surface C,

ws|
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* NASA X-43
S EES

¢ X-43H|¥ N :32,000m

* No. of mesh : 3.065M cells

« Characteristic farfield boundary condition

T 227.5[K]
Mach 1
AoA 0 [deg]
p 868 [Pa]
U 302.377 [m/s]
Turbulence Model SpalartAllmaras
Flux Scheme dEﬁ?&IJFO/?\rSSI\?IJP

- NASA - http://antwrp.gsfc.nasa.gov/apod/ap040329.html
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* NASA X-43

o
"rr%jg )‘

Pressure 187.2

Viscous 10.4

Total 197.7

= PCNFoam 9&

8144

x
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0.03
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0.05

-310.9
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Pressure 180.6 0.02 -306.6

Viscous 10.3 0.01 0.02

Total 190.9 0.03 -306.5
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* MRF Formulation

= Absolute Velocity Formulation
o B0 £ A2 fleh X Hi A

dp L
E+V'W’_U

bl .
Epﬁ+v-(pﬁr!ﬂ+p(ﬁxﬁ”):—Vp+V-?+F
a " . =
EpE«FV-(pvJ.—H«Fpu,—)=V-(kVT+‘r-IT)+Sh
* Flux3 =2t Cell center £ =
Ur=1U—1y U =WXT M

- dbturb®| Z-2, flux scheme A AFA| O]
A&z AMO| 2

rotating

z ~
* coordinate

+ PCNFoam?| &<, Of|L{X| &g 4| Q] o O .
2'57|__?._3|_ ?-53 "_él 9_ 3 coordinate system % Sdeek

rotation

- ANSYS FLUENT Theorical manual
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+ Ansys CFX Of| H| Motz

+ Blade & tip BtX|-E : 113 mm

+ Blade &7 2| S : 200 mm

« Diffuser BtX|-E : 300 mm

* 2| 4=:22,360 RPM = 2341.5 rad/s

« OQutlet mass flow rate : 0.167 kg/s (& 4kg/s)
. 24712 2N

« Tip clearance : 2F 1 mm, interface X &

« Inlet total temperature : 293.15 K

« Inlet total pressure : 1 atm
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= S MR 2
< nonRotatingPatches : SHROUD, INLET, OUTLET
- #AzA

« inlet : totalPressure, totalTemperature, pressurelnletOutletVelocity

« outlet: inletOutlet(Pressure, Temperature), flowRateOutletVelocity(0.167 kg/s)
» fvScheme : PCNFoam

« grad(p) : Gauss linear 1;

« limiter : Minmod limiter

« fluxScheme : Kurganov central
« fvScheme : dbturb

« grad(p) : cellLimited Gauss linear 1;

« limiter : venkatakrishnan limiter

«  fluxScheme : AUSM*VP
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« DADM(Dual Actuator Disk Model)
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DADM(Dual Actuator Disk Model)

« Actuator Model 7|8t 26 ds oM 2 &
= DADM(Dual Actuator Disk Model)

functionlt Z2 EHAZ HE

2BHSHE HIOLS | A| S

_ Vortex filaments

AR S B M2 ADMOIE HE » ’,‘ i
Sk Q7 FfetEl Hhot A
. QE=X 72in} 20| 3k ﬁﬂf PEE=)
/\'6" |,|_ 7|-Al-o| ;Elol E|ﬁ£l _:
¥=270°
MO ARSI, o714 AAHE B
Disk cell0f] M 83}= &,

+ 7|Z ADMQ| Z2, E2|0| = B 3XtY RUHE 1 2{5}7| 2|3l prandtl’s tip loss
+ IASM[L]OlI M 0|2t 22 3x+&l 22 lifting line theoryS AHE510] E Lt H&ts|A|

« DADM[2]2 lifting line theoryS % I\ & Disksurce

_~ Virtual disk cell

[1] Kim, Taewoo, Oh, Sejong & Yee, Kwanjung, 2015. "Improved actuator surface method for wind turbine application,” Renewable Energy, Elsevier, vol. 76(C), pages 16-26.

2] Son, C.; Kim, T. Actuator Disk Model with Improved Tip Loss Correction for Hover and Forward Flight Rotor Analysis. Aerospace 2023,10, 494.
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DADM(Dual Actuator Disk Model)

« Hxte] H|Y 2E{ i M

= Caradonna and Tung Rotor

« Hovering case

* Rotor geometry
* Rotor Radius : Im
* No. of blades : 2
* AR:6
« airfoil : NACA0012
. 0,8
- M

i © 0439

* Mesh information

Aoversetmesh

* No. of Overset mesh : 1.65M
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DADM(Dual Actuator Disk Model)

- HXt2| H]8 2E o)A

= Results
« Collective pitch0i| [[}2 downwash 0| = Z 1} KA
+ 7|Z& ADMI} 7} M =l DADME)| sectional thrust Z0t0| A| EHolgt 4= QI=0|, & 2 &
o| 0f| = A7t Chas XpO[ 7t S =+l

« E3|, %2 collective pitchOf| Al 7| &
ADM 2R Oo| ZQ ggo|E BEto| A7t | || T
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DADM(Dual Actuator Disk Model)

. HZI H|3 2E A

= ROBIN with Elliott rotor
« ROBIN (ROtor Body INteraction)
+ 117 Collective Pitch Angle Sl A (8,=7.02° @ 75%R)
» Forward flight: p=0.15

+ Rotor Blade § &
«  Airfoil :NACA0012
Internal radius  : 0.2060m

« External radius :0.8605m

« Mesh information

No. of Overset mesh : 2.62M

Chord length :0.0660m
» Rotational speed : 2100rpm . e 14
+  No. of blades 4 A Geometry & Mesh (Body + Blade Overset)
«  Twist angle :-8° (linear, from root to tip)
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DADM(Dual Actuator Disk Model)
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= Results
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