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Objective

* Develop a MEMS atomizer to produce
small (<50um) droplets

— improve gas turbine flameholding
— reduce emissions




Baseline Technologies

 Air blast / air assist (Many types; internal
mixed type shown here)
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* Others: Simple Orifice, Poppet Orifice,
Ultrasonic, Electrostatic Charge, Inkjet
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Droplet Size
Measurements
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The Basic Design

 Electrostatically actuated diaphragm
pump with passive valves:

Electrostatic for high
displacement/low Inlet
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What is Important?

* Need high pump efficiency:. 7=
 Valves are critical
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Approach

Analytical & numerical performance modeling
— Fuel ejection & droplet formation

— Micropump operation (especially, the valving)

— Stiction

Fabrication

— Materials, processes and assembly

Engine integration

Testing




Fluidic Valve
Performance Evaluation

o .660606
- 230303

.920209%9

A BRI

1.652

s = - e

25312

AN

JUL 27 2003
2z2:28: 38

2. 642

forward

F. FER

VECTOR

STEP=1
SUB =1
JEXPANDED
W

HNODE=1
MIN=0
MAX=1.957

o] .434978

.217489 . 652467

.862355
1.087

1.305
1.522

AN

JUL 27 2003
22:25:43

1w 257

reverse

Steady
Periodic

Flow recitification

2.2
1.4




Performance Modeling

 TDA’s Quasi 1-D Micropump Model
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ANSYS Results

(30um sinusoidal deflection at 700 Hz)
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volumetric flow rate, cc/min

Model Performance

Predictions
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Stiction

* Nemesis to MEMS

* Therefore, use Mastrangelo
elastocapillary & peel numbers




Materials

 Silicon — most commonly used material
— 3-inch SSP wafer costs about $10
— <1800°F

 Silicon carbide — 20X the cost, but good
to 2900°F

 Silicon carbide nitride — also expensive,
but highest temperature and strength




Wafer Level
Microprocessing
—1x3  CAD drawing

= Pattern
“T'h & etch




Assembly & Packaging




Gas Turbine

fuel/air
mixture

3 wire fluidic micropump slot
power feeds check valves chamber nozzles




Test Setup

Modified dry
feed unit




Conclusions

Analytical & computational tools
Developed

Design completed

MEMS fabrication processes defined
Atomizers built

Testing underway
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