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Introduction Methods Results & Analysis
In fluid dynamics, slosh refers to the movement of liquid inside a hollow We carried out experimental, theoretical, and computational investigations ALinea:t Slosh Analysis_examines_ the lowest resoqant slosh frquenqies
object. We examine these dynamics in a scale-model of the Orion Service of slosh dynamics: present in the t.ank. Antl-symmetrlc s_losh frequengles are shown n Fig. 6
Module (SM) down-stream hydrazine propellant tank. The SM is a for_a rgnge.of f!II fractions (rgtlo of fluid surfa_ce height h to tgnk radius R)._
component of the Orion crew lunar return vehicle, and part of NASA’s Experimental Data Solid lines in Fig. 6 are predicted curves derived from velocity flow potential
Constellation Program (Fig. 1). *Through the NASA Systems Engineering Educational Discovery (SEED) theory.

Program, our model tank was flown on a zero-gravity aircraft to simulate a 25 F o -
Given that a substantial portion of the initial weight of the SM is fuel, zero-g environment, shown in Fig. 3. - | -0 296w y i —
understanding the fluid dynamics in the SM tanks is critical [1]. Our A Illnear slosh analysis was carrleq out using video data collected via three Lo o Exp.
research goal is to validate computational models produced by mini DV cameras and correlated with accelerometer data. o 18 Ee

Lockheed Martin for propellant slosh during spacecraft maneuvers.  » 1f2§ Exp.
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Figure 6: Lowest anti-symmetric slosh-mode
frequencies plotted against tank fill-fraction.
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Figure 1: Orion Vehicle Figure 3: Zero-g Parabolic Flight with model tank Key Results
Our flight data and CFD analysis suggests that:
. . ] Computational Modeling *Propellant in full-scale tank should take up to 3400 seconds to reach
Research Ol_ajectlves. , | | | | Using FLOW-3D, a computational fluid dynamics (CFD) program, the equilibrium configuration after impulsive acceleration (orbital maneuvers,
(1) Carry out a linear slosh analysis to identify frequencies of the anti- natural slosh frequencies and zero-g configurations in both the full etc.)
symmetrlc? slosh mod.e.s._ , _ scale tank and the model tank are studied.
(szl‘z aEzti:ﬂf: ttﬂz e?g Ilflrll:rr‘? \Crsleu-rilue,?acke eci?‘n:/gﬁlor?tlgn of propellant — What -Natural Slosh Frequencies: For a given fill-fraction and gravity level, *Equilibrium  Free-surface configuration of propellant consists of two
P prop 9: the tank experiences an impulsive load. Fluid oscillation frequencies separated fluid volumes. This is a new and unanticipated resulit.
are then measured. Martian, Lunar, 1-g, and 2-g acceleration data - - ontial , dorat both lant
. are shown in Fia. 6. ese results have potential impact on considerations of both propellan
Model Tank Design Zero-g Free gurface Configuration: Simulations study the free management & gauging, and future tank design. Our team continues to
425 The tank design preserves the surface configurations and formation time for varied initial fluid levels investigate the free-surface topology of propellant in the Orion SM tanks
geometry of the Orion SM (Fig. 4 & Fig. 5). wlth a re-flight proposal of.a mod_lfled gxperlment that will more
propellant tank to a 1/6 linear IR0 (cm) directly address zero-g fluid configurations.
scale (Fig. 2). The tank is cast ] o
acrylic and Lexan for visual fluid depth (cm) o
- observation of the fluid motion. [ 155.971 || 24480 References
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