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▪ The Packed Bed Reactor Experiment – Water Recovery 
Series (abbreviated as PBRE-WRS) a flight experiment 
where adiabatic two-phase flow in various fluid components 
is investigated. 

▪ PBRE-WRS will be conducted using the PBRE and PBRE-2 
fluid system hardware with the intended test sections. 

▪ The purpose/approach is to update the test modules by 
replacing the packed bed column with a setup that will 
permit installation and removal of any one of eight (8) test 
sections provided by the PI team at NASA Marshall Space 
Center (MSFC). 
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Introduction



▪ Directly aligns with high priorities from the NRC Decadal 
survey on Biological and Physical Sciences (1) and the NRC 
2000 report on Microgravity Research in Support of 
Technologies for the Human Exploration and Development 
of Space and Planetary Bodies (2):

• AP-2: Provide study of a critical multiphase flow 
component for life support systems.

• TSES-6: Provide a fundamental study in porous media 
under microgravity conditions.

▪ Two-phase components are critical to life support and  
thermal control systems 
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Relevance/Impact

https://www1.grc.nasa.gov/space/iss-research/msg/pbre-wrs/



▪ The objective of the PBRE-WRS project is to investigate the 

two-phase flow hydrodynamics experienced in the normal 

and microgravity environments for an array of filters and 

flow restrictors

▪ Hydrodynamics encompass:

• Pressure drop across test articles

• Visualization on some test articles

• Flow oscillation and any potential instabilities
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Objective



Fluid system Description
▪ The fluid system consists of: 

• An open loop that provides the ISS N2 gas into the test module and a closed water loop 
that provides the water flow rates for each of the experimental runs.  

• Nitrogen is acquired from the ISS N2 source and regulated to the desired pressure via 
pressure regulators.  

• Two gas Coriolis flow meter and flow control valves provide the desired flow rate, with 
one flow meter dedicated for low flows (< 0.02 kg/hr) and another for the higher flows 
(>0.02 kg/hr).  The nitrogen flow is brought into a mixing chamber where it is mixed 
with the water flow to generate a two-phase flow through the test article/section.  

• After the measurements are taken, the two-phase flow is directed to a centrifugal 
separator that separates the nitrogen from water and the nitrogen is vented out.  

• The water flow is returned to the test section by a positive displacement pump.  

• The water flow rate is measured by two different Coriolis flow meters each dedicated for 
a range of water flow rates.  
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Flight Experiment Description-Fluid System
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Fluid System
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PBRE Modules
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PBRE-WRS Changes in Test Module 

https://www1.grc.nasa.gov/space/iss-research/msg/pbre-wrs/
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Flight Experiment Description-Experimental Parameters

Test Article or Section Description of Measurement

Purge Filter Pressure at the inlet and exit and liquid and gas flow rates with two-phase water-nitrogen flow through the filter

0.8 L/hr < Water Flow Rate < 1.2 L/hr

50% < Nominal Gas flow (Vol%) < 50%

Urine Filter Pressure at the inlet and exit and liquid and gas flow rates with two-phase water-nitrogen flow through the filter

70 L/hr < Water Flow Rate < 80 L/hr

10% < Nominal Gas flow (Vol%) < 10%

Brine Filter Pressure at the inlet and exit and liquid and gas flow rates with two-phase water-nitrogen flow through the filter

75 L/hr < Water Flow Rate < 95 L/hr

1% < Nominal Gas flow (Vol%) < 1%

Orifices Pressure at the inlet and exit and liquid and gas flow rates with two-phase water-nitrogen flow through the each of the 4 

orifices of different diameters

4.99 L/hr < Water Flow Rate < 6.804 L/hr

18.22% < Nominal Gas flow (Vol%) < 14.05%

Check Valve Pressure at the inlet and exit and liquid and gas flow rates with two-phase water-nitrogen flow through the check valve

4.99 L/hr < Water Flow Rate < 6.804 L/hr

50% < Nominal Gas flow (Vol%) < 50%



▪ PBRE-WRS will be operated autonomously by 
commanding from ground via the TeleScience Center 
at NASA-GRC. 

▪ The test matrix that contains the test points (TPs) will 
be uploaded using the flight software

▪ TPs will be executed in batches or individually by 
commanding the TP numbers

▪ The test matrix contains details about each of the TPs 
like the instrumentation and image recording rates 
and durations.

▪ The test matrix contains details about each of the TPs 
like the instrumentation and image recording rates 
and durations.

▪ Each of the parameters shown in the table for the 
Brine Filter is executed by the software.  

▪ To execute TP 614, the software decides to use MFC 
24 based on the desired flow rate being smaller than 
the limit (<0.0201 kg/hr).  
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Flight Experiment Description-Experiment Operation

BRINE FILTER MODULE – 75 W 

Test Point Gas Rate 

(kg/hr) 

Water 

Rate 

(L/hr) 

Camera 

Rate 

(Hz) 

High Speed 

Data 

(Y/N) 

Duration 

(secs) 

Wait When 

Done (Y/N) 

611 0 10 0 N 300 N 

612 0.0010 75 0 N 300 N 

613 0.0010 75 20 Y 100 N 

614 0.0013 75 0 N 300 N 

615 0.0013 75 20 Y 100 N 

616 0.0016 75 0 N 300 N 

617 0.0016 75 20 Y 100 N 

618 0 10 0 N 60 Y 

 

▪ Since the liquid flow rate is 75 kg/hr (>12.5 

kg/hr), flow meter MFM 35 is chosen to deliver 

the requested water flow rate.  

▪ The parameters on the camera and the duration 

of the test point as shown in the table are also 

executed by the software.



▪ Housekeeping Data is continuously 

recorded as TPs are executed and 

during transition from one TP to 

another at a lower frequency (1 

Hz). 

▪ To match the science data with the 

housekeeping data, time 

referencing/matching will be 

necessary.  

▪ Time signature in science files is 

written in the science file and such 

a signature is matched with the 

time written in the housekeeping 

file.
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PBRE-WRS Data Management



▪ Structure of files as obtained from the GIPOC server which houses the flight data.

▪ Flow rate data in the data file in “.csv” format
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PBRE-WRS Data Management

▪ Temperature of the fluid is 

measured and recorded in the 

housekeeping files.  

▪ Slight temperature increase (~1 

to 2 °C) is expected as the TPs 

are executed consecutively due 

to some heating from operating 

the system.



▪ Pressure science data is recorded 

in the raw voltage and 

engineering unit formats
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PBRE-WRS Data Management-Pressure Data



▪ Video data is recorded in the “.tiff” 

format with different frame rates as 

dictated by the test matrix.  Example 

of a series of tiff files is shown
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PBRE-WRS Data Management-Video Data

▪ A slug of nitrogen shown traveling in 

the graduated tube downstream of  

the exit of orifice 3
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PBRE-WRS Samples of Test Matrices

All test matrices start with water flows only followed by specified flow rates of water and nitrogen

Check Valve

Brine Filter

Orifice 1

Orifice 4



▪ End-to End testing performed at ZIN in December 2023

▪ Each test article was installed in the vertical direction and tested with water only 

and with water and nitrogen flows

▪ Video imaging performed on test articles equipped with sight glass tube

▪ Present PRELIMINARY Observation from Urine filter ground testing with 

single phase (water only) flow

• Pressure Drop

• Permeability Based on Darcy’s Law for single phase flow 

▪ Present PRELIMINARY test results from Urine filter ground testing with single 

phase (water only) flow

• Two-phase flow pressure drop

• Potential scaling with two-phase friction factor
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End-to-End Testing (System Level Testing)
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Urine Filter-Summary Table

Volume where water and nitrogen 

are brought in contact

▪ Inlet Pressure in measured by 

two pressure transducers PT06 

and PT07

▪ Exit pressure is measured by 

PT08 and PT09



19TFAWS 2024 – August 26-30, 2024

Pressure Signal at Urine Filter Exit-Water Only

Water 

Only
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Pressure Signal at Urine Filter Exit-Water and Nitrogen

Pressure signature of the presence of bubbles exiting the 

Urine Filter
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Urine Filter-Permeability

Pressure drop versus water flow rate for the Urine filter
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Urine Filter Overall Permeability

𝒌~𝟏. 𝟖 × 𝟏𝟎−𝟏𝟏𝒎𝟐



Pressure drop as a function of nitrogen mass flow rate.  Note a slight increase of slope with 

increasing liquid flow rate
23

Two-Phase Pressure Drop Across Urine Filter
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Two-Phase Permeability –Urine Filter

𝝁

𝝆
𝑻𝒘𝒐−𝑷𝒉𝒂𝒔𝒆

=



▪ PBRE-WRS is planned for launch in early August onboard of NG-21 mission

▪ PBRE-WRS will be operated after install autonomously 

▪ Pressure drop data will be collected for the three filters, the 4 orifices and the check 
valve

▪ The End-to-End testing showed that the PBRE-WRS system performed well

▪ From a first order look at the Urine Filter data, it was shown that the increase in liquid 
flow rate showed a very small increase or practically no increase in the two-phase 
permeability based on averaged viscosity and density 

▪ Single phase permeability was shown to be much greater than the two-phase 
permeability

• This may be due to the presence of trapped gas within the filter

▪ Two phase friction factor and two-phase Re and We numbers is under development and 
will be applied to reduce the filters flight data 

▪ Video analysis will be performed to correlate with the pressure signals obtained from the 
pressure transducers.
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Concluding Remarks



▪Thank you for your attention

▪Questions?
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Thank you, TFAWS


	Slide 1: Two-Phase Flow in Filters and Orifices: In preparation for Measurements on ISS Packed Bed Reactor Experiment-Water Recovery Series (PBRE-WRS) Jill Williamsona, Colton Cavigliaa, Henry Nahrab, Russell Valentinec, Daniel Jindrac, Jeff Eggersc, Jenn
	Slide 2: Presentation Outline
	Slide 3: Introduction
	Slide 4: Relevance/Impact
	Slide 5: Objective
	Slide 6: Flight Experiment Description-Fluid System
	Slide 7: Fluid System
	Slide 8: PBRE Modules
	Slide 9: PBRE-WRS Changes in Test Module 
	Slide 10: Flight Experiment Description-Experimental Parameters
	Slide 11: Flight Experiment Description-Experiment Operation
	Slide 12: PBRE-WRS Data Management
	Slide 13: PBRE-WRS Data Management
	Slide 14: PBRE-WRS Data Management-Pressure Data
	Slide 15: PBRE-WRS Data Management-Video Data
	Slide 16: PBRE-WRS Samples of Test Matrices
	Slide 17: End-to-End Testing (System Level Testing)
	Slide 18: Urine Filter-Summary Table
	Slide 19: Pressure Signal at Urine Filter Exit-Water Only
	Slide 20: Pressure Signal at Urine Filter Exit-Water and Nitrogen
	Slide 21: Urine Filter-Permeability
	Slide 22: Urine Filter Overall Permeability
	Slide 23: Two-Phase Pressure Drop Across Urine Filter
	Slide 24: Two-Phase Permeability –Urine Filter
	Slide 25: Concluding Remarks
	Slide 26: Thank you, TFAWS

