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Mission:

Thermomechanical Flow Control

Modern defense technology research requires ever-increasing precision control of experimental
conditions. Many experiments conducted by Sandia National Laboratories depend on sub-
millimeter precision Hydrogen flow control without the luxury of an electronic feedback loop.
Passive flow control has been used in consumer-grade thermostat regulators and in binary-state
satellite spacecraft thermal switches|1]; but continuous, high-precision flow control would
require a novel design never before produced.

Sandia commissioned the Noble Aggie Labs (the authors) to design
and prototype a proof-of-concept Passive Temperature Compen-
sation Device (PTCD) that thermomechanically restricts a high-
pressure Hydrogen gas supply with medical precision.
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Design Approach

Thermomechanical flow control requires two subsystems:
¢ The Actuator takes advantage of the property of
material thermal expansion|2| to translate temperature
fluctuations into mechanical displacement. T
ref—»

¢ The Valve contains, seals, and controls
the gas flow, driven by the actuator.

The PTCD architecture must meet strict specifications to
achieve submillimeter precision under extreme environmental
conditions:
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Block diagram representing
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Design Innovations System Performance Verification

Two independent methods verified that

The PTCD utilizes a combination of proven, aerospace-grade technology the PTCD satisfies the Required Relationship: Do = Ay(Tymp — 25°C) + Ag

and novel innovations to accomplish i1ts mission.
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Why a square?
Proven Strategy The specified Temperature-Diameter
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High, stable coeflicient of thermal expansion
(CTE) — rare among metals

o ALLVAR Mount
Unique proprietary alloy
made by ALLVAR Alloys
Stable, negative CTE
Enables compound bimetallic actuation

o Invar housing
Unique Ni-Fe alloy' —
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Using these results, stress analysis

tested against pressure-driven failure

and i1dentified key weaknesses.

The design was revised to remedy
pressure-driven failure.

These were verified using hand calculations.
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