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Porous Surface Control
« Shock Manipulation
* Pressure Gradient Distance
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Convective Heat Flux
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Transpiration Cooling for Thermal Protection Systems

* Thermal Gradient (Passive) vs. Active Control

e Conductive transfer from solid to coolant, convective transfer from surface,
and radiative contribution

Introduction
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Methods: Numerical Model
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Methods: Boundary Conditions

* Freestream outer
boundaries
* Mars Science Laboratory
e Catalytic Radiative
Equilibrium Wall
e Species Term Application
Boundary

El Time Altitude V,
(s) (km) (m/s)

T, (K) sz/mg) M,  o(deg) g (kPa)

130 14.3 1263.5 192.2 0.004396 5.7 -18.58 3.51
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Methods: Boundary Conditions

Species Term Application Boundary:

qc =q¢ +
(1) z hl]l + q;_ —my _hl(Yl — Ylg) —mc ( lel hc) T aqr — EO_Tvﬁ) T? ff*
l l l
2) q¢=4qf+aq5+ ) hyj; | g ! Graa w, oo
l
T_ I
Mg q
Y =mass fraction a = absorptivity Scripts
q" = heat flux in, W/m? g, = radiation heat flux, W/m? i = species
g~ = heat flux out, W/m? €= emissivity c = conductive for heat flux, char
h = specific enthalpy, J/kg o = Stefan-Maxwell constant, for mass flux and enthalpy
m =mass flux, kg/m?s W/m?K* g = pyrolysis
J =diffusive flux, kg/m?s T = Temperature, K r = radiation

V = Viscous Cruden, B. A. (2023). On the Fluid
- boundarv | r ed Dynamics Boundary Condition in
€ = boundary layer edge Ablating or Blowing Flows. June, 1—
w = wall 18. https://doi.org/10.2514/6.2023-
3614
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Results: Body Forces & Moments
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Schoenenberger, M., van Norman, J., Karlgaard, C., Kutty, P., & Way, D. (2014). Assessment of
. ' . - the reconstructed aerodynamics of the mars science laboratory entry vehicle. Journal of
e Spacecraft and Rockets, 51(4), 1076—1093. https://doi.org/10.2514/1.A32794
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Lift-Drag Ratio
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Results: Laminar vs Turbulent Body Forces & Moments
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Where this is going:
*| Transpiration Cooling with Porous Ceramic Composites in
Hypersonic Flow (2016, Bohrk, Hannah)
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Thank you!

Any Questions?
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