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* Calnetix magnetically levitated blower

* Calnetix blower installation and other activities
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’*’"\W Introduction

* Four Bed Carbon Dioxide Scrubber
* ISS CO, Removal Technology Demonstration
* Launched August 10, 2021
* Activated onboard ISS September 2021
e Total run time of 1.5 years on ~ June 4, 2023
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&XE) Operation of the FBCO2 scrubber

V105
* Operations are split into half-cycles (HC) A and B L: o — " —
* These are mirrors of each other. Schematic shows HC A Absolute V- Cooter
] Pressur Dew n /_// Outlet
* Tracing the flow path through system: —h | A Poiwt A2 Temp
A\SZAS/AS/AN
1.  Airis drawn from cabin air system (CCAA). Air contains O,/N,, H,0, and CO, V106 SRR
2.  Air flow pathis supply duct, V101, bed D-1, V103, blower, precooler, V104, E,— Q' . I I -Atﬁ%&z
bed A-2, bed D-2, V102, return duct L 8 -
1. In this path, D-1 is scrubbing H,0, but CO, and O,/N, pass.
2 Then, A-2 is scrubbing CO,, but O,/N, pass. B:mfr u
3. Finally, the air passing through bed D-2 picks up H,O and returns it to the cabin. Outlet D-1 Temp D-2
4 While this is happening, A-1is heated and connected to vacuum to vent CO, to — v\
space through V105 and V106. This heat will be used to desorb D-1 next cycle. Sample
: : : . Pume =3 i C— —=  ,F
3. Half-cycle time is part of design process and can be adjusted based \ : E cold
on volume of air flow, humidity at supply, heating rate, and bed size. $
4. At end of HC A transitioning to HC B, all 6 valves rotate. X / ' o == =
To Air Return Air Save
1. V106 links the Air Save Pump to the now-desorbing bed A-2 to recover O,/N,  ccaa air supply FETET Pump
trapped in voids of ducts and bed. To  LTLReturn 4
2. Once air save is complete, A-2 is linked to space vacuum to vent CO, ITCS LTL Supply
@%% Vacuum Vent e \1[2:?:)
4
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* 6 valves L
 New valves, same flow paths e - e
 Bleed port allows gentle repress Pfesm_c s e B
* 8 sensors ] ey
e Similar T, P measurements Q' \ -AP‘@K
* Direct measurement of inlet and outlet H_’ E iji T
CO, %
Blower
* Direct measurement of dew point after - I - .
desiccant beds " -
* Direct measurement of blower dP i alb, A
* Similar functional components but ) A
new hardware in most places \/ i
* Previously used heritage air blower To  AlrReturn

CCAA Air Supply

* Currently using magnetically levitated = 1 urewn <

Vacuum Vent e

@@ blower (will provide higher flowrates) " L

\ Inlet
Temp
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’a\v Calnetix magnetically levitated blower

MSFC

L_f}

Calnetix magnetically levitated blower for FBCOZ2. Calnetix
Blower overview. (a) Layout of Calnetix blower highlighting
major components and its airflow path and (b) an image of the
blower installed into the performance test stand.

SBS radial
SBS thrus
actuator
Radial ar:tuatur
Jctuator Axial edge Backup bearing
sensor resme,ntrnuunt
Backup IARN \ NN N N
bearing N\ f X Irnpeller
N AN __.- * o

;'5}’.1"
e
gl r

52N\D International Conference on Environmental Systems



Q@ Calnetix blower installation and other activities @

e Calnetix blower installation 2/13 and 2/15/2023

* Some software errors and faults encountered, corrections/workarounds
initiated

* |nitially rom limited to 54k
* Increased to 56k on 5/18/2023

* Acoustics blanket installation and acoustics measurements 2/15/2023
e Continuous operation authorized for 56k and 58.5k
* Additional measurements recommended for 60k operation

* Rack slider mount installation 2/15/2023
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’a\@ Performance of the Calnetix blower

Pressure (in-H20)
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CNX Flight Blower and HWI Blower Fan Curves

e NASA_Requirements

—o— 40 krpm

42 krpm
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—e— 50 krpm
—e—52 krpm
—e—54 krpm
—o—56 krpm
—e— 58 krpm
—o— 60 krpm

NASA_Line
== 110 krpm HWI

120 krpm HWI
— o= 130 krpm HWI
= o= 140 krpm HWI
== 150 krpm HWI

--------- Linear (NASA Line)
22 24 26 28 30 32 34 36 38
Flow (SCFM, standard temperature of 0C)

Overall Calnetix blower and Honeywell
blower performance.

Beige dots are NASA requirements;

Solid lines connect CNX blower test points
Dashed lines connect HWI blower test
points.

Black dotted diagonal line passing through
all blower curves approximates the FBCO2
system differential pressure drop
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Flow Rate, SCFM
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Flow rate variations over a half-cycle for
the HWI and CNX blower under similar
ISS configurations.

The HWI blower (blue circles) is at
130,000 rpm.

The CNX blower (red diamonds) is at
54,000 rpm.

After software adjustments below, the CNX
blower rpm was increased to 56,000 rpm.
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’\V FBCO2 Performance vs. inlet ppCO2

e Average removal
rate achieved target
performance based
on inlet ppCO2 for
Lab CDRA non-
operational

* Ground test
hardware
performance higher
at similar
conditions, cause
for difference under
review
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CO2 Removal Rate, number of crew/day
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HWI blower, Lab CDRA non-operational
HWI blower, Lab CDRA operational
CNX blower, Lab CDRA operational
CNX blower, Lab CDRA non-operational
o Target Removal Rate
® EDU Removal Rate
--------- Linear fit for HWI with CDRA non-op:y = 2.35x - 0.769 :
--------- Linear fit for HWI with CDRA op:y = 2.22x - 0.847 . v
--------- Linear fit for CNX with CDRA op: y = 2.21x - 0.855 %N
Linear fit for CNX with CDRA non-op: y = 2.40 - 0.740

Notes:
Blue, purple, small green and yellow symbols show

current week
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Inlet CO2 Partial Pressure, mmHg
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’\V FBCO?2 Performance vs. Lab ppCO?2

* Performance slightly
lower than target
using Lab ppCO2
basis

 Self-dilution of inlet
ppCO2 results from
integration with
CCAA

e Results shown with
blower at 54 krpm
(max speed is 60
krpm)
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CO2 Removal Rate, number of crew/day
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HWI blower, Lab CDRA non-operational
HWI blower, Lab CDRA operational
CNX blower, Lab CDRA operational
CNX blower, Lab CDRA non-operational
e Target Removal Rate
~~~~~~~~~ Linear fit for HWI with CDRA non-op:y = 2.35x - 0.784 b ,

--------- Linear fit for HWI with CDRA op:y = 2.10x - 0.789

--------- Linear fit for CNX with CDRA op: y =2.12x - 0.884

Linear fit for CNX with CDRA non-op: y =2.26x - 0.711

Notes:
Blue, purple, and green, and yellow symbols show
performance from GMT 2021:272 (FBCO2 activation) to
current week
Lab ppCO2 is based on FBCO2 inlet measurement adjusted
via CCAA dilution calculation.
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CO2 Partial Pressure in Lab, mmHg
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""\W Observations @

 The FBCO2 Scrubber has operated for approximately 1.2 years
without mechanical issues requiring maintenance

* The blower differential pressure has not shown any increase that
would indicate zeolite dust is building up on the retainment screens.

e Although performance is lower than the requirement presently, the
magnetically levitated blower installed this year has the potential for
greater flow rates.

* As a result, CO, removal rates are expected to meet or exceed
requirements.

12
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"‘"\W Conclusions @

 The FBCO2 Scrubber technology demonstration has been successful
during the first year of operation with respect to its primary objective,
that is, to require minimal maintenance.

* Current data shows no indication of excessive dust generation,
though continued operation period will be required to establish long
term maintenance-free operation.

* Operation of the Calnetix blower at the intended flow rate is expected
to provide required CO2 removal rates.

* Thus, continued operation of the FBCO2 Scrubber is anticipated to
establish its suitability for long-term missions such as part of a Mars
Transit mission

S :
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Blower Differential Pressure
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Figure 7. Blower Differential Pressure
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Table 2. CO; Purity Results

Sample IDs 02 (%) N2 (%) H20 (ppm)
1102 and 1105 0.74 2.47 n/a
1045 and 1050 0.29 0.84 n/a
1052 and 1056 0.24 0.72 n/a
1076 and 1072 2.99 9.62 n/a
1077 and 1074 <0.3 <1.0 n/a
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