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Film-Evaporation MEMs Tuna/g

Silicon
microcapillarie
S

Thrust 700-300 uN

Electric
Isp a0 s heater arra

Thrust/Power 300 uN/W
Chip size 1cm x 1cm x Tmm
Nozzle width 7 um

Propellant Ultra-pure deionized water
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FEMTA Microthruster — Fabrication & Isometric view
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FEMTA Microthruster-Operational Theory

Capillary Flow

= Small Channel width and high surface
tension prevent evacuation of propellant

L2

B = pPE (1)
c

P, < P + P, (2)
1

P, =~ 07 ©))

r = width of nozzle
o = surface tension
B = Bond number

P = pressure

p = density

g = gravity accel.
L = char. length
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Operational Theory

Capillary Flow

= Heating the water increases vapor
pressure

= Equilibrium is broken, thrust begins

AHvap [ 1 |
P =— exp| ——= [ — 4
v ref | €XP R <Tz T > (4)

ef
F =rmu,+ PA, (5)
e = exit condition ref = reference
condition
I = interface condition T = temperature
u = magnitude of velocity R = spec. gas const.
m = mass flow rate A = Area

AHvaE = Heat of vaporization F = thrust
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FEMTA Microthruster-Previous Work

Control Demonstration?
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Failure mode analysis?

DSMC modeling34
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Propellant Management System-
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Propellant Management System

Vapor Pressure Driven Pump
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Suborbital Launch Payload

Crew | |
Capsule ~2 minutes 0G, at ambient pressure
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Propellant Management Experiment Design

Baseplate
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Propellant Management Experiment Design
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Propellant Management Experiment Design
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Payload Overview
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Propellant Management Experiment Design
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Propellant Management Experiment Design

Sensor
Manifold
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Propellant Management Experiment Design

Propellant
and HFE Tank
Assembly
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Propellant Management Experiment Design

Collection
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Propellant and HFE Tanks
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Propellant Tanks

Propellant and HFE Tanks

Thermistor e
ors / Transducer
Ports

€ ' HFE Tank Propellant
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Sensors and Valves
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Sensors and Valves
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Sensors and Valves

-----------------
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Sensors and Valves
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Flow Diagram
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Flow Test Procedure

1 Degass and load propellant

1 Initialize flight computer

1 Close run solenoid & open vent valve
1 Begin data collection

1 Begin chamber depressurization

1 Close vent valve & open run solenoids
at P < 4kPa
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Expected Data
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Expected Data
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Expected Data
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Final Design

Changes
= Single Flow Path

= Valve change
= Microfluidic tubes/fittings

Motivation

= Reduce risk and complication
= Circuit Design
= Flow improvement
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Final Design
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Final Design
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Final Design
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New Design Results

Pressure, Mass Flow Rate vs Time
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Next Updates

Planned Changes N ﬂﬂﬂ
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