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Zero Boil-Off Tank (ZBOT) Experiment Series

- The Zero Boil Off Tank (ZBOT) Experiment series is undertaken to
delineate the important and fundamental Physical Phenomena
that govern key propellant tank pressurization and pressure
control using a small-scale simulant-fluid experimental
investigation in the Microgravity Science Glovebox (MSG) unit
aboard the ISS.

- An important goal of the investigation is to develop and validate a
comprehensive Two-phase CFD model that captures the
underlying physics in both microgravity and 1g.

- The ZBOT-1 Experiment flew in 2017 and collected valuable self-
pressurization and jet mixing microgravity data for a pure single
component system. The data was used for nearly 30 model
validation case studies.

- The ZBOT-NC Experiment is scheduled to fly in early 2025 to
investigate the effect of noncondensable pressurant gases on self-
pressurization and jet mixing pressure control for a two-
component system in microgravity.




The Three Potential Effects of Noncondensable Gases At a L-Vﬂ-lvnte‘rféc‘e'

A. Introduces a transport barrier to vapor reaching the interface in order to condense.
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ZBOT-NC Experimental Setup and Description
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Test Matrix:
interaction tests

pressurization, pressure control, and jet-ullage

37 Self-Pressurization Tests

¢=0
Ty =T 1K 4 X, = 0.02
Ty =T +2K 4 Xg = 0.10
0.2W 12 Xg = 0.25
0.4W 5 X; =0
0.8W 5 X; = 0.02
Self-Press Tests to be followed by Jet xg =0.10
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ZBOT-NC CFD Model Prediction of Non-Condensable Gas Effeéts in ifG . |

Time = 0.0 minutes

5000
Xxenon
TIK] 0.29 :
309.00 l 311.20 ' 0 3[40
0.28 ~000
308.04 ~
g
0.27 ~-10000
307.07 | | o
Qo
306.11 028 L0
0.25
305:15 305.15 20000 —g=01g 10cm/s laminar

—xg=0.25 1g 10cm/s laminar

-25000
time (min)



Pure Vapor
Time=2s

T[K]

311:45
309.65
308.15

306.65

305.15

Time=2s

TIK]
311.15
309.65
308.15
306.65

305.15

X

xenon

0.3300
0.3075
0.2850
0.2625
0.2400

Vapor and NCG

-5000

-10000

P, (Pa)

P

-15000

-20000

-25000

time (minutes)

0 10 20 30

—Pure Vapor
——Vapor and NCG



CFD vs. Pressure and local RTD sensor data
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QDT Test: Animations of Temperature Contours from.QDT Dafa and CFD |

CFD Prediction
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B

Temperature Evolution at Different Pointsin the Liquid(QDT'v:s';"C'FD)'-*"- N
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Closure

The main goal of ZBOT-NC experiment is to determine impact of a non-
condensable pressurant gas on the evaporation/condensation and

transport processes that affect tank pressurization and pressure control ir
microgravity

In order to accomplish this objective, and provide high-fidelity data for
model validation, we need to capture the temperature field in the liquid

In the preliminary ground-based results shown in this presentation, we
have partially validated both the computational model and the QDT
diagnostic’s fidelity

Further validations for the jet mixing part of the experiment are underway
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1G LH2 Tank Pressurized with GH2 &GHe and Depressurized with a

Subcooled Jet (Lockheed 1969)
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Results for 95% FL — Bottom Mount
Mixer flow rate 5.3 cfm — 150 L/min
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Validation of Noncondensable CFD Model against Bullard -1 G Jet Mixihg _Pr_ess»u.ré Contol Data N

Liquid Propellant Thermal Conditioning System Test:
(Lockheed 1972)
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Ullage Volume 5%
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ZBOT Hardware components

Vacuum
Jacket

Camera

Laser

Acrylic
tank top

Heaters

Nozzle

bottom




ZBOT-NC CAD Model

Hardware CAD model

Vacuum Jacket and air Vacuum Jacket Bottom
and Tar_;k
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Non-Condensable Gas Selection

Transport Consideration: Diffusion Coefficient
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QDT Test: Hardware Diagram

Vacuum Self-pressurization followed by cold jet
Jacket o Pressure * Tank heated via strip heaters
Simulator @ Transducer » Jet cooled using ice packs attached to the pipes
Vacuum Jacket Simulator
* Used to create a known temperature boundary

wﬁ/ / e Does not maintain a vacuum around the tank

Heaters

RTDs:

* 4 onthe tank

* 1 onthejacket

e 1 forairin the jacket

* linlet
'_ * 1loutlet
Packs @ * 1forroom air
Ice Flow | (e QDT data taken on a center plane in the tank
= meter e e Laser sheet excites the Quantum Dots
 Camera captures images




Test Matrix: pressurization, pressure control, and jet-ullage :

interaction tests

14 Self-Pressurization Tests

TVJ = Ttank +2K 4
0.2W 12
0.4W 5

Self-Press Tests to be followed by Jet tests (T, =
for 1 hour)

X =0

X, = 0.02
X =0.10
Xg = 0.25

T,-6°Cat4 cm/s

40 Subcooled Jet Tests from T,

Tiet | Viet Duration
°C) (cm/s) (hours)

2,4,10,20 1

24,10,20 1

Xg = 0

x. =0.02
x_=0.05
x.=0.25

Tests

8 Jet-Ullage
Interaction T,-

Duration: 2 minutes

Only the first test
starts at T, To

T,

T,

-2
-3
-4

4 Xg =0
10 X, = 0.25
20

24




Test Matrix:
interaction tests

pressurization, pressure control, and jet-ullage

37 Self-Pressurization Tests

117 Subcooled Jet Tests from T,

Tiet | Viet Duration
°C) (cm/s) (hours) X;=0

2,4,10,20 1 X, = 0.02

24,10,20 1 Xy = 0.05

Xy = 0.25
=0

Xg = 0.02

Xg = 0.05

Xg = 0.25

x, =0.02
TVJ = Ttank +2K 4 % =0.10
0.2W 12 x_ =0.25
0.4W 5 X =0
Self-Press Tests to be followed by = 02
Jet tests (T, = Ty-6°C at 4 cm/s for X, =0.10
1 hour) x =0.25
8 Jet-Ullage Tt (°C)
Interaction -
Tests
T -2 X =0
Duration: 2 minutes &
To-3 10 x, = 0.25

Only the first test
starts at T, To-4 20

Total Number of Tests: 392
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