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Introduction

Filling a cryogenic tank in deep space is challenging because liquid propellant may not
settle at the tank bottom causing loss of propellant due to venting

There are several No Vent Fill Methods to reduce or eliminate loss of propellant in space
« Charge — Hold — Vent [Chato (1991)]

» Vented Chill & No Vent Fill [Rhys (2014)]
No Vent Fill using TVS assisted injector [Hartwig (2021)]

TVS assisted No Vent Fill is advantageous for its operational simplicity compared to other
methods

TVS assisted No Vent Fill method was tested in a Flight Tank (CRYOTE) at NASA/MSFC
and will be extensively tested in Reduced Gravity Cryogenic Transfer (RGCT) Project

This paper presents Numerical Simulation of Experimental Test of Chilling and Filling of
CRYOQOTE tank with a TVS assisted Injector
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Test Results for Pressure and Tank Filling
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Liquid accumulation appears to begin at t = 1300 sec.

Pressure plot shows evidence of condensation at 1300 sec.



Introduction to GFSSP

Mass and Energy Conservation Equations are solved at nodes

i
Mixture

ﬁggi y / Momentum Conservation Equations are solved at branches
@ Mathematical Closure
.f/:i“xiff”e Unknown Variables Available Equations to Solve

O >Ny > e 1. Pressure . Mass Conservation Equation

Flowrate . Momentum Conservation Equation

Fluid Temperature . Energy Conservation Equation of Fluid

Solid Temperature . Energy Conservation Equation of Solid

Single

(o i . Species Concentration . Conservation Equations for Mass Fraction of Species

Schematic of GFSSP Nodes and Branches Mass . Thermodynamic Equation of State




GFSSP Model of CRYOTE Tank with TVS assisted Injector
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Pool Boilig Correlations
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Spray Droplet Condensation Model

.
'—n;ld;res <+—— Number of Droplets = Resident Mass/Droplet Mass

<+<—— Residence Time = Characteristic Length/Spray Velocity
<+<— Condensation Heat Transfer

<«<—— Heat Transfer Area

k
H = FLNuD,L-n «<—— Heat Transfer Coefficient

According to Kronig and Brink (1950) Nuyp ;,,= 17.9.

Assumptions:

* Bubble Diameter = 1.5 mm

» Characteristic Length Scale = 50% Tank Diameter
« Heat Transfer Multiplying Factor (n.) = 1.5
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Condensation at Liquid-Vapor Interface

Qui = hUIA(TU - TI);

k
hUI == KHCL—:RCL” == hIL

Ra=Gr Pr

where Ky =0.5, C=0.27,and n
=0.25

hy; is based on vapor property
and h;,is based on liquid
property

QL = hILA(TI - TL)




Comparison with Test Data : Tank Pressure
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Comparison with Test Data : Resident Mass in Tank
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Comparison with Test Data : Wall Temperatures
Tank Bottom Mid Section
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Concluding Remarks

« TVS assisted Injector is a promising candidate for No Vent Filling of a
Cryogenic Tank in Space

« Numerical Modeling of No Vent Filling of a Cryogenic Tank is a challenging

task for several reasons
* Fluid undergoes phase change multiple times; both boiling and condensation occurs
during the process
» There is no established method of modeling condensation
. Lnﬁabslence of an Exit Boundary (No Vent), elimination of numerical error becomes
ifficult

* |In this paper, “Adhoc” condensation models were developed to simulate a
No Vent Fill experiment using a One-Dimensional Flow Network Model

« Future work will attempt to model recirculating flow in the tank by
developing an axisymmetric network flow model
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