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Overview of Thermodynamic Vent System (TVS) 44

* Controlling pressure &
temperature inside /—\
cryogenic propellant tanks

is necessary to prevent Cryogenic
. . . Propellant Tank
venting of liquid in

microgravity @

e Using a Thermodynamic d:\‘/iTce
Vent System (TVS) is one
pOSSibIe solution Cooled Fluid Line

— TVS expands working fluid

through a Joule-Thomson
device v

— Cooled fluid is then routed Figure 1. Schematic of potential TVS design

through the tank to remove showing J-T device and fluid
heat from propellant routing through cryogenic propellant tank




Previous Study Overview: Hardware

e A previous study (Christie,

Axial To
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model of a TVS with a two- ‘/ xchandes G}ﬁ |
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* Joule-Thomson device: 5,000 power” “‘"'raﬂﬂ""jﬂﬂjr‘“—mm&
LOhm Lee Viscolet® Figure 2. Full tank and TVS schematic (Christie, 2011)
* Fluid passes through Viscolet® B

Heat Exchanger

and is isenthalpically expanded

Annular Flow
Channel

* Cooled fluid enters heat
exchanger tube coils and Wr—
extracts heat from the
surrounding external flow
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Figure 3. Heat Exchanger CAD model (Christie, 2011) .



Previous Study Overview: Model

° The preV|OUS StUdy Multi-stage Orifice

created a simplified { A ;
model Of the ViSCOJet® f@?}l((@1(@1((@](@](@](@][@1[@][@»][G@b—ﬁ.Inlet
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. Internal Fluid Flow
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* Both external & internal i 11
flows are represented as »\-'-nam-wwm-@n@-m@@@m@%wij@;,..\W

a series of lumps Y Pump
External Fluid Flow

* Model correctly predicts
Figure 4. Simplified model of flow through Viscolet® and

the heat extracted two-phase cryogenic heat exchanger (Christie, 2011)
performance of the TVS

i e Heat biraction (W)

Test Data 631

* Validated against SINDA/FLUINT Model 595

experimental data using
the same hardware
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Recreation of Simple Model in Ther’maID'_’esktfdb" |

* The simplified TVS model
was recreated in Thermal

D kt Fluid
€5 Op Single Paths Outlet
e External flow modeled as a Orifice Plenum
series of fluid lumps \ J AR \
* Internal flow modeled as a
pipe, a series of fluid lumps \
and wall nodes Inlet /\
] ] Plenum Fluid
* Viscolet® modeled as a single Lumps
orifice with diameter sized , _
Figure 5. Thermal Desktop model of internal
for the expected AP flow path
e LOX exits the orifice and
| LTinlet | T Outlet

enters the first internal flow
fluid lump at lower
temperature and pressure

Temperature (K) 113 90.3
Pressure (psia) 250 14.9



Recreation of Simple Model in Ther'maI~I3jesktf‘c>:|5" :

 User-defined heat transfer tie ™

Internal " mp

connects each external flow  gow
lump to corresponding

internal flow wall node - (

User-defined

 Heat transfer tie coefficient Tie
b \/

was calculated using Chen External
H H Fluid Path
(1966) correlation and input  Flow ®j>. :>

into TD Figure 6. Schematic of Thermal Desktop
... .. model showing heat transfer tie between
* Same initial conditions as external flow fluid lumps and internal flow
original SINDA/FLUINT model wall node
Inlet Temperature (K) 90.3 113
Inlet Pressure (psia) 14.9 100

Flow Rate (kg/s) 0.0034 0.84



Model Result Comparison

| HeatExtraction(W)

Test Data 631
SINDA/FLUINT Model 595
Thermal Desktop Model 655

 Thermal Desktop model using Chen correlation able to
predict heat extraction from external flow within 4% of

experimental data and within 10% of original SINDA/FLUINT
model



Conclusions

 Thermal Desktop model of simplified TVS geometry able to
accurately predict heat extraction of TVS

 Model could be adapted to size other TVS geometries for
future flight systems

—e.g. using different cryogens, TVS sizes, flow rates, etc.
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Chen Correlation
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Figure 7. Chen correlation for nucleate boiling and forced convection heat transfer (Baldwin
et al., 2021)
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