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Increasing length scale

Multi-Scale Approach is Needed to Improve Ffyidle Simulations

A
Full-landing site:
Eulerian-based two-
fluid model
Intermediate scale: o s e |
Eulerian-Lagrangian e By . NASA MSFC (ER-42)
Jacobs/ESSCA
» Description: Tracks individual o .
particles and resolves collisions » Description: Treats gas and solid as
> # particles: O(108) a continuous fluid
Particle- > Requires models for gas-particle > # particles: £ independent of
scale: DNS microphysics (e.g. drag) number of particles!
b, [ irites » Relies heavily on constitutive
governing equations Physics can be lost when going directly models to account for important
> # particles: 0(10%) from microscale to macroscale! gas-particle and particle-particle
) interactions that have not yet been

developed or tested under
relevant PSI conditions!




Evaluation and Calibration of ModelsE Bnd H. Approaches

1. Limited experimental (validation) data available to characterize gas/particle/particle
interactions in propulsive landing conditions
2. Limited data for mixtures with weltharacterized polydispersity and supersonic flow
PFGT.
3. In shockparticle interactions, additional (unresolved) velocity fluctuations appear at
particlescale due to wakes: Psed@lorbulent Kinetic energy (PTKE)
a) Not included in the EE methodology
b) Effect of this term in higispeed flows with particles expected to be foter
I.  Large possible contribution to total kinetic energy (betwa@¥ and 100%)
ii. Play a significant role in predicting choking and ppatticle conditions

c) Exists even in laminar flow regimes!
without TKE
- Transport
2 \
u M<1
H with TKE
. Transport
e \
5 M>1

Fluctuating energy

r/l
Figurel. EL simulations of partickshock interactions using the proposed PTKE transport model. Lefaggee
fluctuating energy of the shotlbe shown in Fig. 3. DNS (dashed line), EL with PTKE model (solid black
EL without PTKE model (red line). Right: local Mach number from the EL simulation without the mod:
and with the model (bottom).
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PseudeTlurbulent Kinetic Energy

PTKE is defined as the trace of the PTRS (pgeudiglent Reynolds stress) [1]:
pgk =2Tr (R,)

where the PTRS, often neglected, arises from filtering the governinghges® equations [

Oagpgl,
ot

Imom

+ V- (agpog ®ug) = =V (@ ,R,) —aVpy +V - To + agp,g+ i

N

dagpge -
®Ps%.0 +V-(ag (pgeg.0 + Pg)) = =V-(agug - R,)+V-(ug - Tg)"'v‘qg"'z (V- phv)g,k+lé}?1—(;m'u8+[§f§rgy
k=1

ot

The equation of state is also modified to include PTKE:

1
pg=(y—1) |pgE - Epgug " Ug _pgk)

[1] Peng, C., Kong, B., Zhou, J., Sun, B., Passalacqua, A., Subramaniam, S., and Fox, R. O., “Implementation of pseudo-turbulence
closures in an Eulerian—Eulerian two-fluid model for non-isothermal gas—solid flow,” Chemical Engineering Science, Vol. 207,
2019, pp. 663-671.

[2] Shallcross, G. S., Fox, R. O., and Capecelatro, J., “A volume-filtered description of compressible particle-laden flows,’
International Journal of Multiphase Flow, Vol. 122, 2020, p. 103138.
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Modeling PTKE

PTKE can be modeled in two ways: algebraic (incompressible [1] or compressible [2])

1

k 2
— =2 +2.5asa§,e_a-‘Res
g
with:
2 Q u, —u.|d
E, = 2Jug - uy| Re, = JePelts ~Uslds

Transport [3]: Hs

60.’ p k mom
% +V. (agpgugk) = —agR, : Vug + (us — ug) I, — agpgepr
PTRS Drag PTKE
Dissipation
PTKE Dissipation Algebraic Model (others currently under study) [3]:
Crk Crk
err = (1= fo) ==+ fa——
: 2 2D coefficient from
d; d, « VFEL[3]

L)

lug — uy| max(ag)

i = 50a;
with: n= W Ja :tanh( @ ) Cf ~ 520;.5

[1] Mehrabadi, M., Tenneti, S., Garg, R., and Subramaniam, S., “Pseudo-turbulent gas-phase velocity fluctuations in homogeneous
gas-solid flow: fixed particle assemblies and freely evolving suspensions,” Journal of Fluid Mechanics, Vol. 770, 2015, p. 210.

[2] Osnes, A. N., Vartdal, M., Omang, M. G., and Reif, B. A. P., “Computational analysis of shock-induced flow through stationary

particle clouds,” International Journal of Multiphase Flow, Vol. 114, 2019, pp. 268-286.

Shallcross, G. S., Fox, R. O., and Capecelatro, J., “A volume-filtered description of compressible particle-laden flows,’

International Journal of Multiphase Flow, Vol. 122, 2020, p. 103138.

3]
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PTKE with EL PTKE Dissipation Coefficient

- A Utilized EuletLagrange (VEL)[1]

e dissipation coefficient in initial Euler
SN Euler (Loci/GGFS) [2] runs.
(a)"a JQ)_OLL,Z/’; o . e A PTKE dissipating too soon after particle

curtain ends.
A Peak PTKE in EE significantly lower

£, £, compared to EL.
A Investigated better dissipation
0.0 - S - : 0.0+ - . \_‘: 3 . -
o e i SR Py A ‘ coefficient for EE.
(c)a =0.21,t = 0.334 (d) & = 0.21,t = 2.334
1.0 1.0
i“{ 0.4 %f:j 0.4
‘ ”—L —,l! § 1 2 3 o 1 0 1
(a — @)/ L (x — xg) /L
(e) @ = 0.44,t = 0.334 (fla = 0.44,t = 2.334
—— Transport, M-E Eqs, Loci/GGFS aeg

Transport, E Sre, Loci/GGEFS — Energy Source Onlyég =(y—1)pgkV Pg =~ v
=== Shalleross, VF-EL
[1] Shallcross, G. S., Fox, R. O., and Capecelatro, J., “A volume-filtered description of compressible particle-laden flows,
International Journal of Multiphase Flow, Vol. 122, 2020, p. 103138.

Gale, M., Mehta, R. S., Liever, P., Curtis, J., and Yang, J., “Realistic regolith models for plume-surface interaction in spacecraft
[2] propulsive landings,” AIAA Scitech 2020 Forum, 2020, p. 0797.
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PTKE Dissipation Coefficient
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New PoweiLaw for PTKE Dissipation Coefficientkn E

107
1 — Shalleross, VF-EL
®  Observed, Loci/GGFS

| =—— Power-Law Fit, Loci/GGFS
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@7
New Relationship for Cy:
Euler-lagrange:  (f ~ 5200
Euler-Euler: €y = 3.20699 57403
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PTKE with New Dissipation Coefficient
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Pressure Profile Comparison with PTKE
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