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Welcome to the Community of Practice Webinar Series!
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 Please mute your microphone and turn off your camera

 Today’s session will be recorded

* Recordings for this and all future sessions will be posted on the Flight
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Join us for future Community of Practice webinars!

Subscribe to our newsletter for Future webinars

updates on future webinars! - Webinars are held 1%t Wednesday of each
month at 10 a.m. PT

https:/www.nasa.gov/directorates/spacetech/fli
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+ Topics will be announced in the Flight
Opportunities newsletter and website

 Session recordings will be posted on the
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Space Applications of Cryogens
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PURDUE National Academies Decadal Survey for 2023-2032

UNIVERSITY

“Thriving in Space, Ensuring the Future of Biological and Physical Sciences Research”

...gerves_ a ag_enda fqr resear_chgn the follgwin (o[cTex=To [ uﬂng the space envir?nmem_to address pressing life
an Iph){slca sciences In pursuit of new fundamental knowledgé and practical solutions important o space
exploration.

Based on over 250 topical input papers from science and
engineering communities

Assembled by the 50+ report co-authors
Included presentations from both government and industry

Addressed:

i) Current state of knowledge
||? KeP/ science themes and questions
1) Science to enable space exploration
iv) Science enabled by space environment
v? ﬁ?search campaigns )
vi) Infrastructure, access, and community

NATIONAL s
ACADEMIES naicne”

Thriving in Space
Ensuring the Future of Biological and Physical Sciences Research

Decadal Survey for 2023-2032

Mudawar:
p. 28: Fluid Physics Background
p. 80: ccess of Flo goilinlg and Condensation Experiment
?%j onéhe SS as response to recommendations from
011 Decadal Report
p. 81: Recommendations for Fluid Physics and Thermal
Management of cryogenic Fluids

. 154: Effects of space environment on transport and
P matensals S)E)nt%esis, includ?ng critt|cal %%at ux (CHF)

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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1. No reduced/partial gravity data for steady state cryogenic flow boiling

2. No reliable HTC/CHF correlations for cryogenic two-phase transfer line
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Unique Characteristics of Cryogens

Very low saturation temperature

Saturation Temperature, T, [K]
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>
o
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Reduced Pressure, Pg

osity Low latent heat of vaporization

Surface Tension, o [N/m]

Reduced Pressure, Py Reduced Pressure, Px

niversity Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

Technological Gaps in Cryogenic Literature

Cryogenic Database

Tran3|ent (Quenching) | Steady-state Heating

What is missing?

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Microgravity Experiments

Parabolic Flight

: e Rl

Parabolic Flight
Experiments

Project Goals
« Utilize prevjously constru cryogenic flight
Hg anclp pen]orm %ara%oﬁlic?}ﬁﬁwt é;(p%rpment
« QObtain microgravity Critical Heat Flux data and
video recor(?sqoé} interfacial be avfor
Martian gravities

Technological
Demands

unar an art

y-state heating methog ritical Heat

stea

lux data and video records of interfacial

. Ebtain Lunar.an
ehavior

data to assess predictive performance of
correlations

R

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

Experimental Rig Design

Vent heater
assembly

Test section
Chamber

Monitori
Scre

12

Separator

Control
Console

Gas
cylinder

Visualization
Chamber

Vacuum
Pump

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Experimental Rig Design

Test Section Visualization Section

Outlet flange

Vacuum
Heater power  Feedthrough
Feedthrough

Outlet flange

Thermocouple
Feedthrough

Visualization
Chamber

Test section

assembly \‘\‘

Washers

Centering Glass window

Inlet ﬂange\""g \ P

b“g(\‘
v Borethrough

Tube fiting

Test Section
g Chamber

Bore-through
Union tube fiting

&
7
/o

Hex bolts.

Test section
assembly

Visualization tube

Metaltube inlet  Pyrextube  Metal bellows

Test saction
D, =85mm heater TCE 600
Th =05 mm 120V 400w o7 | e

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Experimental Rig Construction

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Experimental Rig Design

Design Requirements
o  Utilize liquid nitrogen as a working fluid
Utilize high pressure gas for pressurization
Utilize vacuum chambers to minimize heat gain
Accommodate LNz flow boiling in a tube
Record high-speed flow visualizations
Control and record heater power
Control and maintain system pressure
Enable recording thermal parameters (T7, Tw, P)
Optimize for parabolic flight experiments
v’ Structure integrity
v Restricted volume & weight
v' Aircraft power / vent interfaces

R R WY

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

March 2024 Flight Campaign

Rig system check after landing

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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March 2024 Flight Campaign

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

Results from Previous Flight Campaigns

Microgravity CHF

Measured pg CHF trends

CHF mechanism: annular liquid dryout

-
N
o

CHF increases with G
CHF tends to level-off as G increases

-
(=]
o

[o2]
o

Operating conditions
G What is missing?
=4137 -620.5 kPa

ey 02K 1. Microgravity CHF at high G conditions

" 2
P one [kW/m“]

Cryogenic CHF under Lunar gravity
@  Goreess Present micrograviy data 3. Cryogenic CHF under Martian gravity

———- Q'oispres Ganesan et al. (2022)

= — == qbryoutres Ganesan et al. (2022) ' Aims for the 3’d ﬂihf camain
1000 1500 2000
G [kg/(m?s)]

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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March 2024 Flight Experiments

Flight Test Matrix

TEST Flight day 1 Flight day 2

MATRIX (15 - 15) (10-10 - 10) Flight day 3 Flight day 4

Case2 | Case3 Case5 | Case6 | Case7 Case9 | Casel0 | Casel1 | Case12 | Case13 | Casel4

(March Flight)

8 4 7 6 5 5 3 4 5 4 3

80 77 80 70 70 100 106 106 80 80 80

Martian | Martian Martian ug

v

ug

0.7 1.0 1.4 0.6 0.8

[gpm]

[kg/m?s] 792 485 650

2.6 4.1 4.1

[¢] o X

Very successful, nearly flawless campaign

Outstanding team, including both doctoral candidates and undergraduate student teams
Achieved good data acquisition despite unexpected situations

Ten full boiling curves acquired for ten different mass velocities

Six LN2 Martian/Lunar CHF data points acquired

Four LN2 Microgravity CHF data points acquired

Total of 714 (51x14) steady-state microgravity/Lunar/Martian HTC data points acquired

[ N I A i

Acquired flow visualization for Microgravity and both Lunar and Martian gravities

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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PURDUE Transient Dynamics Results

UNIVERSITY

Gravity Martian

Pin 80 psi
600 kg/m2s
3K

Wall
temperature\

BV

8 parabolas!

Tw,local [K]

acceleration

q" [KW/m2]

200 400 600 800
t[s]

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Flow Visualization Results: Parabolic Flight

Gravitational effect on
two-phase flow pattern

Stratified vapor plugs
under Martian gravity

q”’w=11.1 kW/m?

q”ug=11.1 KW/m?

650 kg/m?s

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Flow Visualization Results: Ground Experiments

Two-phase flow patterns for 1g. vertical upflow

1g. Vertical Upflow
Heating Configuration

—_

G =576.8 kg/m?s, Pin=628.8 kPa, ATsubin=2.28 K, CHF =99.58 kW/m?

10% CHF
v
 §

6% CHF 8% CHF 12% CHF 14% CHF 29% CHF
T ; 7 b B |

17% CHF
%% ; ]

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Martian
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Flow Visualization Results: Ground Experiments

Two-phase flow patterns for 1ge vertical downflow

1g, Vertical Downflow
Heating Configuration

rn L 4o

G =511.1 kg/m?s, Pin=458.5kPa, ATsubin=0.95K, CHF =87.75 kW/m?

6% CHF 7% CHF
5.
g

°

16% CHF

10% CHF

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Flow Visualization Results: Ground Experiments

Two-phase flow patterns for 1g. horizontal flow

19, Horizontal flow
Heating Configuration

FIowI::> ‘ ge

G =544.9 kg/m?s, Pin=356.6 kPa, ATsubin=1.89 K, CHF =91.67 kW/m?

3% CHF 5% CHF 7% CHF 8% CHF

- T O T

9% CHF

®

13% CHF 19% CHF

: Q¢

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Gravitational Effect on Cryogenic CHF

OMicrogravity Gravitational effect on CHF for Low G
©Lunar
Gl:ﬂa\rjljn CHF degradation © Order of CHF:
] for reduced/partial )
gravity envim’:yments 1gw 19 VU > pg > Lunar > Martian > 1g Hor

Compared to 1g VU, CHF for reduced

gravity always smaller

©

1g VU benefited most from effective vapor

removal assisted by buoyancy force

CHF [kW/m2]
8 ~

Compared to 1g Hor, CHF for reduce

gravity always larger

o
o

650 kg/m?s 1g Hor most susceptible to stratification

S
o

1-3K due to normal buoyancy force vector

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

25

PURDUE Gravitational Effect on Cryogenic CHF

UNIVERSITY

Almost equal CHF

under all gravity range At high G
CHF independent of gravity!

Gravitational effect on CHF for high G

=3

o CHF measured to be almost the same
among any gravitational environments

With strong flow inertia, effect of gravity

CHF [kW/m?]

(2]
o

is overridden, fading out CHF

50 - OMicrogravity .
P, | 70psi AMartian differences

40 G | 800 kgim’s Oigw Even among 1g VU and 1g Hor, CHF
T | 1-3K O1gH

difference is minimal

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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o
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Microgravity CHF Results

OMicrogravity

Newly obtained Microgravity CHF trends:
high G CHF data
CHF increases with increasing G
Sharp increase at low G
Slow leveling off trend at high G

Clear plateau appears for the newly

O «~— Newly obtained

low G OHF data acquired very high G data

1000 1500
G [kg/m?3s]

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

Flow Orientation Effect on Cryogenic CHF at 1g.

G=450 kg/m?s (0.62 m/s)
——m—— G=500 kg/m2s (0.69 m/s)
—>—— G=550 kg/m2s (0.76 m/s)
——V—— G=600 kg/m2s (0.83 m/s)
—<—— G=650 kg/m2s (0.90 m/s)
——@—— G=700 kg/m?s (0.96 m/s)
G=800 kg/m?s (1.10 m/s)

Orientation effect on CHF
At low G: 0°, 45°, -45°, -90° show lowest CHF
At intermediate G: -45°, 45° and -90° shows largest
CHF (W-shape appearance!)

o  For 0° higher G required to increase CHF

For 90°: high CHF regardless of G

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Body Force Effect on CHF

Gravity dep Gravity indep
Hg CHF < 1g CHF | ug CHF ~ 1g CHF

00O

1000
G [kg/nPs]

CHF [W/cm?]

Predictions (1 g,)

Predictions (/g.)

Experimental data (1 g.)

Experimental data (g.)

Glps[mis]
CHF trend

o Body force effect on CHF

= Microgravity CHF << 1g vertical upflow CHF

- Gravity independent for G > 900 kg/mPs

Significance for space missions

. Avoid extreme low mass velocity operation

. If necessary, consider low CHF limit for two-phase

system design

. Gravity independence system can be achieved above

G of 900 kg/m3s

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

PURDUE Challenges During Flight Campaign

UNIVERSITY

Unusual delays acquiring parts from vendors

Test rig far more complex than all our prior parabolic flight rigs

Unexpected flight day delays and cancellations

Parabolic flight database limited by expendable mass of LN, from Dewar. Possible
long-term solution is to employ a separate rig containing multiple Dewars!

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Undergraduate Student Involvement

completed design projects as part of Mechanical Engineering
Capstone Senior Design course ME463, including:
= Assisting with CAD design of heat transfer and flow visualization modules
= CAD Design of test rig
= Detailed structural design of test rig

CAD design of rotation platform for terrestrial experiments at different flow
orientations

= Construction of rotation platform
= Assistance with pre-flight tests

completed undergraduate research projects,
including:
= Assisting with CAD design of heat transfer and flow visualization modules
= Construction of heat transfer and flow visualization modules
= Modifying CAD design for improved integration of heat transfer and flow visualization
modules

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

31

Undergraduate Student Involvement

CAD of Test Rig

Ground View In Flight View

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

16
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Undergraduate Student Involvement

Assembled Rotating Platform
I

CAD of Test Rig with Rotating Platform

A bled Test Rig with
sslsg,tat?ng Efatfo’ mW'

Rotating platform is being used to conduct terrestrial
experiments at different flow orientations

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

PURDUE Other NASA Grants

UNIVERSITY

“Flow Boiling and Condensation Experiment fFBCE) "’ 2012-2024, Mudawar, Pl . . .
= FBCE is NASA’s largest and most complex flow boiling and flow condensation facility constructed to date for microgravity tests on the ISS

I/Q”b?}?ﬁﬁﬂé%ﬁlude Rankine Power Cycle, thermal control system (TCS) for space vehicles, vapor compression system for Lunar and
artian habitats
Aims to develop err}girical theoretical, and CFD models for microgravity flow boiling and flow condensation

p

- Elrrasla%oa%eedttt:%m?g grl‘\’?)npgﬂexperunents successfully completed in July 2022

plete Cryogenic Pool Boiling Curve,” 2022-2024,

¢ IIQOmﬁ)\etedéT e data in 1 d developil Iati f Il d t iti ints gf the bolli
se Il'involves obtaining data in 1ge and developing new correlations for all regimes and transition points 0iling curve
ill'take advantage of thegspray coo%;g flight rig tg ogtain reduced gravity pool%goiling data during pogswble gTTI—% II-E study

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Main Modules of FBCE and Insertion into the Fluid Integrated Rack

Fluid System Module - Fluid S);stem Module - Bulk Heater Module
Lower Upper

=P

Remote Data Acquisition Remote Data Acquisition
Module 1 Module 2

Fluid Integrated Rack
(FIR) Housing All
components of FBCE

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

Launch of FBCE with FBM to the ISS

| J 3
FBCE loading of into Northrop Grumman
NG-16 Cygnus Spacecraft

August 2022 dock with the ISS

modules into the Fluid Integrated Rack (FIR)

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Theoretical Interfacial Lift-off CHF Model

Use separated flow model to determine axial

variations of: p,—p,
Ug1, Uz Near-wall vapor layer velocities
Uy Liquid layer velocity o
81 62 Near-wall vapor layer thicknesses [ /

=

Critical interfacial wavelength
4766

Pressure

2P o
T AN LT R A AN AT Foee I T grelve)a.
‘ A( Zo(p]+pg) Za(p]+pg) ’ V\”:?'glrﬂg Mo\ﬁenotrumm P;U:n W

where p,=p, coth(2nH /2, p,=p,coth(2nH_/2,)

Earth Gravity: g,,=8,cos6 and 8,,~8. Cﬂs(9+ﬂ) =-g,cos0

27[6(/)' +p! )
Microgravity: 8,,=8,,=18,=0 » A =—"—15
oei(u,-u,)
Mean pressure difference across wetting front
4rwocd .
PP, = b/'!,: sm(hﬂ)

where b = 0.20 is ratio of wetting front length to wavelength

2
—rs ,,

Surface energy balance 9

Critical heat flux
Interfacial lift-off criterion

47r0'bsin(b7r) i 52

=p, (€, ATy 1y ) P, A

4,=bd,

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

PURDUE

UNIVERSITY

New CHF Correlation

New CHF Correlation Developed using Large Consolidated FBCE Flow Boiling Database

i ~0.226 —0.481 —0.094 ’ Bd,,
Bogyr =0.353Wep*M (—h] & 1-| 2 X, || 140.034 140.008 — ==
¢ D, & Fr, 0 a3
e Pg Pg 0.0,

2 G? 2 44
— o We, = GD. Frop =75——"— Bd w D,=—=
PO (p,gSlnHQ,) G = o h

6: orientation angle of channel

D Single, Horz. Bottom s
< Single, Horz. Top 8
4 Single, Vert. Up B
 Sihgie; Vert. Dbwn e

> Single-fio- Botom &
< Single; H N
35Fa Smg\e v n Up B/

e, Vert.
v Dnub\e Vert BBwn

ouble, VEVI Down / ., Vert. Up / i< sl
ouble: g / % Double, Ver\ Down > S
40 a3 40 | « Double, Saturated CHF with A A e
Subcooled CHF / 25 | two-phase inlet /
Saturated CHF / s -

with single-
30 |- phase inlet

q"cHepred WIEM?]
9" chrprea [Wicm?]

New Correlation
MAE = 18.46%
RMSE= 23.87%
=88.16%
=97.37%

0 =
/ & =96.04%

40
9" chroxp [WiCM?]

50 20

" i oxp [WIEM?]

35 40

QG exp WIEM?]
Applicable to all 3 types of CHF: Subcooled CHF, Saturated CHF with 1-phase inlet, Saturated CHF
with 2-phase inlet

Considers the effects of gravity on CHF, and is applicable to all flow orientations in both Earth gravity
and microgravity

Predicts the entire consolidated FBCE database with a mean absolute error of 17.44%

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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CrD valiaation of FBM_Wall lemperature Veasurements and
PURDUE Interfacial flow Structure

UNIVERSITY

Models used:

= Volume of Fluid (VOF)
= Coupled Level Set VOF (CLSVOF)

Employ User-defined functions for:
= Shear-lift Force
= Bubble Collision Dispersion Force

Temperature

G = 445.75 kg/m: .
a7 145 W Upstream Middle Downstream
ATsub = 30.81°C
Vertical upflow ANSYS FLUENT Video frame rate is 5 fps

One-G Individual images in sequence separated by 1 ms

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)

PURDUE New Kepner Center for Space Experiments

UNIVERSITY

boilin w instructional facilities

Will house over_1_03round test rigs f:fopar:abolic fli%ht ayloads, and several

and two-phase

Falling-Film
Heating/Evaporation
Facility

Parabolic Flight
Condensation Facility

High-Capacity Mini/micro-channel
Condensation Facility Condensation Facility

One-G Flow Boiling Hybrid Thermal Control Parabolic Flight Flow
Facility System (H-TCS) Boiling Facility

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Journal Publications

Findings from FBCE project, both flow boiling and flow condensation, and both terrestrial and

microgravity, have been published by Purdue in over 80 journal articles, majority in /nternational
Journal of Heat & Mass Transfer

Publications based on tube flight experiments

" B ki oAUl TR AL BRRY eyl v bl ofaid nivoge and fects of
N. Damle, |. Mudawar, J. Hartwig, Cryggenlc flow boiling in mlcrogravny effects of reduced gravity on two-phase

S.
flwd phy3|cs and heat transfer, Int J Heat Mass Transf 218 (2024) 124751

gmt(ng Pf elz Mabsawé%blfﬂaczagg 12'234%”9 Experimental mvestlgatlon of flow orientation effects on cryogenic flow
S. Darges, J. Hartwig, |. Mudawar, Assessment and development_of saturated and subcooled heat transfer

S.
coefﬂment correlgnons for cryoggemc flow b0|l|ng in tubes, Int. J. Heat and Mass Transf 224 (2024) 125297

?%tzuratecl\‘ llqwén nlfrogenaft owgbomng |rE1}1 uamfornﬁ)?r rgg?égl g]ﬁ%léFa{‘ %Srurﬁ gll'tségr%i Eflllpav\vm\)/)s a“ alf%rmf %5284235“ f(?Z%{

graw{n /ﬂppl yggn Mudawar, Cgmputatlonal fluid dynamics simulation of cryogenic vertical upflow boiling under terrestrial

Eng, in revie

im, N. Damle, D. Foster, J. Hartwig, |. Mudawar, Gravitational Effects on critical heat flux of cryogenic flow boiling, in

greparétlon

Mudawar and Hartwig would be happy to share within NASA the cryogenic data acquired during the
parabolic flight experiments
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Mudawar Team’s World Rankings

Clarivate ISI (formerly Thomson Reuters):
. Highly Cited Researcher since 2015

Google Scholar (5/4/2024):
+ 33,900 citations, h-index: 106
. World rankings: Flow Boiling #1, Spray Cooling #1, Microchannels #1, Microgravity
Boiling #1, Electronics Cooling #3

ScholarGPS (5/4/2024):
Highly Ranked Scholar
Lifetime: @ Journal Papers
32,820 citations, h-index: 107 @ Conference Papers
World Rankings: Heat sink #1, Boiling #3, by
Heat Transfer #5, Electronic Packaging #6
Five Year:
World Rankings: Boiling: #1, Condensation: #5

Exaly (5/4/2024):
. Most cited author in International Journal of Heat and Mass Transfer

AD Science Index (5/7/2024):
*  Most cited author in Purdue’s School of Mechanical Engineering

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Community of Practice Webinar Series

NASA Flight Opportunities

https://www.nasa.gov/stmd-flight-opportunities/fo-resources/community-of-practice-webinars/

Purdue’s just announced Space Engineering Certificate

Provides Purdue undergraduate students with an opportunity to acquire
documented educational experiences in space engineering

16-credit certificate guides students through their choice of topics within
the vast collections of topics that make up space exploration, space
power, space commerce, space communications, space life support and
habitation, and space policy

Provides opportunities for undergraduate students to actively participate
in research projects alongside graduate students

Benefits the Nation by better preparing Purdue undergrads for careers in
space engineering

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Supcooled flow boi@ng
0 maximize heat
transfer effectiveness

ority of today’s chargers (<150 A)

Subcooled boiling: liquid coolant supplied at a
temperature well below boiling point, allowing very high
frequency formation and departure of very small vapor

Maximum Current Through
Charging Cable [A]

500
bubbles. This enables very efficient removal of heat

while minimizing pumping power. : ol NI 1 H HHH H H

EV Chargers Available Worldwide

Using thermal management lessons learned from FBCE, Purdue developed a new patented cable
cooling technology that enables delivery of upwards of 5400 Amps through the charging cable

By exceeding the 1400 Amps re(iEuired for 5-minute EV charging, Purdue’s new technology
enables even faster charging of EVs than gas charging

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Value of Flight Opportunities Program to Cryogenic Research & Applications

Absent ability to perform cryogenic fluid experiments onboard the ISS, parabolic
flight experiments represent an essential means for study of transport behavior of
cryogens in pursuit of data acquisition, and development of empirical correlations,
theoretical models, and computational models for use in design of NASA’s space
systems

Parabolic flight experiments remain the most cost-effective means for investigating
transport behavior of cryogens

Same parabolic flight rigs enables complementary investigation of transport
behavior of cryogens in ground experiments for assessment of gravity effects

With additional hardware modifications, same parabolic flight rig can be used to
investigate other transport mechanisms of cryogens, including pool boiling and

spray cooling

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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Thank you!

Purdue University Boiling and Two-Phase Flow Laboratory (PU-BTPFL)
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NASA FLIGHT OPPORTUNITIES

Thank you!

Flight Opportunities website:

Contact us:

www.nasa.gov

NASA Flight Opportunities
https://www.nasa.gov/stmd-flight-opportunities/fo-resources/community-of-practice-webinars/
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