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ISS Flight Experiment

FBCE Science Objectives

The proposed research aims to develop an integrated two-
phase flow boiling/condensation facility for the International
Space Station (ISS) to serve as primary platform for obtaining
two-phase flow and heat transfer data in microgravity.

Key objectives are:

1.
2.

3.

Obtain flow boiling database in long-duration microgravity
environment

Obtain flow condensation database in long-duration
microgravity environment

Develop experimentally validated, mechanistic model for
microgravity flow boiling critical heat flux (CHF) and
dimensionless criteria to predict minimum flow velocity
required to ensure gravity-independent CHF

Develop experimentally validated, mechanistic model for
microgravity annular condensation and dimensionless
criteria to predict minimum flow velocity required to ensure
gravity-independent annular condensation; also develop
correlations for other condensation regimes in microgravity

Applications include:

1.
2.

3
4.

Rankine Cycle Power Conversion System for Space

Two Phase Flow Thermal Control Systems and Advanced
Life Support Systems

Gravity Insensitive Vapor Compression Heat Pump for Future
Space Vehicles and Planetary Bases

Cryogenic Liquid Storage and Transfer
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*Science Requirements Document for FBCE, March, 2013
*Science Concept Review Presentation, December 2011
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Preliminary Engineering Fluid System Design (ISS)
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Test Modules

Flow Boiling Module

— Subcooled, saturated and 2-
phase Inlet condition at:
o 2.5 < Mass Flow Rate <40 g/s
 Heat Flux < 60 W/cm?
Condensation Module —Flow
Visualization
— Saturated vapor Inlet condition
» 2 < Mass Flow Rate < 14 g/s
Condensation Module —-Heat
Transfer

— Saturated vapor Inlet condition
» 2 < Mass Flow Rate < 14 g/s

eScience Requirements Document for FBCE, March, 2013
eScience Concept Review Presentation, December 2011
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Flow Boiling Module Design

 FBM/Heater Design

— Flow Channel 2.5x5x100 mm 1 vy
— Both surfaces are heated with resistive  [[« |~ | e

heaters ' t__jﬂ;/— Qpenere
— Max heating of 300 W from both sides L e
— Visualization with high speed camera 1 rowcrame s

2000-4000 fps




CM-FV Design and Challenges

« Science requirements called for i
TCs on the inner surface of water -
tube and middle of tube oo o

« Sectional tube design

. Thr_ee _observation areas _
coincident with data collection
areas

« Easy Access to inner tube
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CM-HT Design and Challenges

« CM-HT Short Design
— Easy access to inner tube

— TCs are fixed firmly to outer
surface of inner tube

— Eng. Model CM-HT is a longer
version of CM-HT Short
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Ground Testing

 Breadboard Development
 Pre-heater Characterization
— Operation
— Control

o Testing of potential design for On-Orbit
degassing




Ground Testing-Breadboard Development
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Ground Testing-Pre-Heater Characterization

e Pre-heater studies of time constant to
achieve steady state

e Steady state achieved within 6 minutes

Thermostat

Thermowell
Thermocouple

Cartridge
Heater

Cast Aluminum

—
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3 heatersurface TCs
spaced 120 degrees
circumferentiallyapart
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Ground Testing of Proposed On-Orbit Degassing System

Developed a fluid loop for
degassing testing

Use of membrane
contactor

Testing showed after 50
minutes, partial pressure of
non-condensable gases is
below 2 kPa

Pressure (kPa)
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SatP=26.9
kPa

= Sat Pressure (kPa)
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Zero-G Aircraft Testing/FBM Engineering Assessment

Aircraft Rack Features:

Fluid System
Diagnostics:

— Lumenera and Sentech
video cameras

FBM Heater Power Input
and Temperature Control

Data acquisition
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Fluid System

FBM
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/ero-G Aircraft Rack

Pre-Heater
Control

Air Cooled
Condenser

Filter

Data
Acquisition

Flow Boiling
Module

Instrumentation
panel-Flow rate,
pressure,
Temperatures

FBM
Observation

Instrumentation
panel-FBM

Accumulator
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Data Acquisifion-m=2.5g/s

FBCE FBM 0-g Flight Software.vi || l]l
File Edit View Project Operate Tools Window Help |@
" CHAR.
D00 L
7 e Start Timer " ~ | -
e % C:\FBCE}Low_gFlight},09172013_Data\File &= | FC-72 Flow Rate ,}) 25  gps o ‘9;17;2014 10:27:40AM  Sample # 460 o FC Flow {mlfmin) _I
4 _File # Parabola#  Heaters Bulk Heater Int T Setpt.) 62 deaC . - . FBM Temp In (deg C) |~/
o A ! Both 1 g Time has Elapsed Elapsed Time (s) ~sampling rate  Duration (mln)‘[)u,at,on (s)
5 )6 -/ Bof Accumulator Pressure 10 pgs i oovorer a0 Jiz00 Bulk Heater Temp @240 (deg C) AN
% C:\FBCE\Low_gFlight},09172013_Data\File01_Flow SetPt 2.5 gps_Bulk Heater Int T l o ' - Inlet Saturated Temp (deg C) -
Slot 3 & 8: Channel Descriptions ~ Raw ¥ Converted to (eng units) "~ Siot 4.8 5 Channel Descriptions (deg C) B
|S3_AIIII: FC Flow |0.639 Igﬁ-s Iml /min IS3_AIIJ: Bulk Heater Temp In |26.7
|53_aI1: Bulk Heater Pressure In  ||3.659 = 1183 |PSIA |S3_ALL: Bulk Heater Temp 0 Position 54.9
153_AI2: Bulk Heater Pressure Out | 13.658 = 118.3 |PSIA |S3_AL2: Bulk Heater Temp 120 Position 159.9
|93-‘“3: FBM Pressure In |3.633 |13.2 Ipsm IS3_AI3: Bulk Heater Temp 240 Position |6l:l.7
|S3_AI4: FBM Heater Pressure In |3.677 = |18.4 IPSIA |4_AI1: FBM Top Heater - TB2 176.9
|S3_AI5: FBM Pressure Out |3.663 183 |Psia |S4_AL2: FBM Top Heater - TB3 187.9
|S3_Al6: Condenser Pressure In |3.649 = J182 IPSIA |S4_AI3: FBM Top Heater - TB4 197.4 -
|S3_AI7: Condenser Delta P |-0033 |0 |PSID |4_AI4: FBM Top Heater - TBS 1104.6 e 186 (deq ©)
153_AI8 FBM Temp In - TB1 |2.850 = |58.8 |ldegC 154_AIS: FBM Top Heater - TB6 1109.6 G
o
|S3_AI9: FBM Temp Out - TB30 |3.035 = |63.5 ldegC |S4_AIG: FBM Top Heater - TB7 /104.2 s
JS3_AI10: Condenser Temp In [3.024 632 |degC |S4_AI7: FBM Top Heater - TBS 1959 =)
153_AI11: Condenser Temp Out |1.663 |26.8 ||degC |54_AI8: FBM Bottom Heater - TB9 796 g
‘ J |54_AI9: FBM Bottom Heater - TB10 190.3 = \
677
|S3_AI25: Camera Trigger On/ Off jooor o |0-0ff/1-on 154_AI10: FBM Bottom Heater - TB11 1101.9 Time
|83_A126: Bulk Heater Current |-0 I'U I Amps IS4_A111: FBM Bottom Heater - TB12 |115.5 FC Flow {mlfmin)
|S3_AI27: FBM Top Heater Current | 0.562 1.4 JAmps |S4_AI12: FBM Bottom Heater - TB13 1122.7 Bulk Heater Power () RN
|53_A126: FBM Bottom Heater o552 |14 JAmps |S4_AI13: FBM Bottom Heater - TB14 11213 Total FEM Heater Pover (W) [
IS4_A114: FBM Bottom Heater - TB15 |11lJ.5
Saturated Temperatures| Power of Heaters (W) J
|Bulk |-0 -1
Inlet Outlet |FBM = l57 . 2
op I =4
|S8_al0: Bulk Heater Yoltage j0.133  Jo  jvDC 647 € 645 C© | g
FBM Bottom 57.2
1S8_AI1: FBM Top Heater |[41221 Ja1.2 |vDC l
|FEM Total J115.2
|S8_AI2: FBM Bottom Heater Voltage |41.506  141.5 |vDC I
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Testing Results-High Speed Visudlization-m =2.5 g/

36% 57% 79% 92% 100%

% of CHF achieved in each of the 5 low gravity paraboli performed at 2.5 g/s
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Testing Results-im=2.5 g/s, 2 Heaters
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Testing Results-m=40 g/s, 2 Heaters
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Future Plans

« Ground and Low gravity testing of
condensation modules

 Development of engineering model
prior to or by PDR planned for January
2015

 Thank you
e Questions?




