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1. Executive Summary: The Autonomous Gatekeeper of Fluid
Architecture

In advanced fluid management systems spanning medical intravenous therapy delivery, automotive fluid
lines, and aerospace pneumatic controls, preventing reverse fluid flow is a critical safety parameter. The
elastomeric check valve (often engineered into geometric variations such as duckbill valves, umbrella
valves, or cross-slit valves) serves as the autonomous gatekeeper. It must open precisely at a
predefined forward fluid pressure (known as cracking pressure) and seal hermetically against severe
reverse pressure gradients. To achieve this dynamic performance without mechanical springs or rigid
moving parts, fluid engineers rely entirely on the hyperelastic geometry of Liquid Silicone Rubber.

Engineering a utility-grade silicone valve requires absolute mastery over non-linear material
deformation, exact slit-cutting mechanical tooling, and stringent extractables mitigation to ensure purity
in human health applications. This technical specification details the fluid dynamic parameters,
hysteresis prevention mechanisms, and precision manufacturing requirements necessary to deliver
flawless backflow prevention.

Fluid Control Axiom: An elastomeric check valve cannot be treated as a static seal. It is a highly
dynamic kinetic component. Its efficiency is entirely dependent on the speed of its elastic
recovery; if the valve lips delay their closure by even a fraction of a second, the entire volumetric
dosing accuracy of the fluid system is compromised.

2. Fluid Dynamics and Cracking Pressure Calibration

The cracking pressure is the exact differential pressure threshold where the silicone valve lips deflect
sufficiently to permit forward fluid flow. This kinetic response is governed by the structural stiffness of
the elastomeric lip. The differential opening pressure is mathematically modeled relying on the theory of
cantilever beam deflection:
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= ( Modulus - Thickness3 ) /1 ( Length4 * Shape Factor
)

Pressurecracking

Where Modulus represents the hyperelastic secant modulus of the Liquid Silicone Rubber, Thickness is
the cross-sectional width of the valve lip, and Length represents the linear dimension of the slit.
Because the cracking pressure is inversely proportional to the fourth power of the slit length, even
microscopic dimensional variations during manufacturing will cause massive fluctuations in fluid dosing
accuracy. Reemane implements Computational Fluid Dynamics combined with Finite Element Analysis
to perfectly balance the geometry, ensuring the valve opens effortlessly at extremely low forward
pressures (for example, less than two kilopascals) while maintaining absolute structural rigidity when
closed.

3. Reverse Backpressure and Hermetic Sealing Mechanics

When a reverse fluid flow event occurs, the backpressure acts dynamically upon the exterior geometry
of the duckbill or umbrella valve. Unlike mechanical check valves that rely on metallic springs that can
rust or jam, the elastomeric valve uses the reverse fluid pressure to force the sealing lips tightly
together. The higher the reverse pressure, the tighter the hermetic seal becomes.

However, if the reverse pressure exceeds the structural limits of the polymer, the silicone lips will invert
(prolapse), causing catastrophic backflow leakage. To prevent structural inversion under massive
reverse pressures (reaching up to five hundred kilopascals), the internal base geometry of the Liquid
Silicone Rubber valve must be heavily radiused. By graduating the wall thickness from a highly flexible
ultra-thin lip to a heavily reinforced rigid base, the valve absorbs massive reverse hydraulic shocks
without geometric collapse or structural tearing.

4. Mitigating Viscoelastic Hysteresis and Flow Dripping

A common failure mode in low-quality elastomeric valves is viscoelastic hysteresis. This refers to the
physical delay in the polymer returning to its original closed state after forward fluid flow ceases. If the
silicone lips close too slowly, the fluid will drip, ruining precision dosing in medical intravenous pumps or
industrial chemical dispensers.

To eliminate slow closure rates, Reemane formulates the Liquid Silicone Rubber with a highly dense,
uniform cross-linking network using platinum catalyst systems. This specific formulation guarantees
exceptionally high rebound resilience and a compression set of less than ten percent. The moment the
forward fluid pressure drops below the predefined cracking pressure threshold, the silicone lips snap
shut instantaneously. This provides an absolute, drip-free fluid cut-off, ensuring precise volumetric
control over thousands of operational cycles.
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5. Material Matrix Performance Comparison: Fluid Control Valves

Performance Platinum Liquid Fluorocarbon Synthetic Chloroprene Synthetic

Criteria Silicone Rubber Elastomer Rubber

Viscoelastic Elite (Instantaneous Poor (Sluggish Moderate (Average
Hysteresis (Closure snap-back) closure; causes rebound resilience)
Speed) dripping)
Reverse Premium (Self-sealing Premium (Excellent Low (Prone to
Backpressure under high pressure) structural rigidity) prolapse and
Sealing inversion)
Chemical and Absolute (Passes Premium (Exceptional Poor (Leaches toxic
Biological United States resistance to chemical plasticizers)
Inertness Pharmacopeia Class aggressive fuels)

Six)

6. Post-Vulcanization Slit Cutting Precision

In the manufacturing of duckbill and cross-slit valves, the actual fluid pathway (the slit) is never formed
directly during the injection molding process. Attempting to mold the slit would leave microscopic
molding flash, preventing the lips from sealing completely. Instead, the valve is molded as a solid,
closed geometry. Following high-temperature vulcanization, the slit is mechanically sliced open using
razor-sharp micro-blades.

This secondary mechanical cutting phase is the most critical step in the entire manufacturing process. If
the cutting blade strikes off-center by even fifty micrometers, the valve lips will be asymmetrical, causing
fluid leakage. Reemane utilizes fully automated, computer numerically controlled optical cutting stations.
High-speed vision systems align each individual silicone valve to the microscopic cutting blade,
ensuring perfect symmetry and a flawless, flash-free sealing edge capable of delivering perfect fluid
isolation.
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Guarantee Absolute Fluid Isolation with Reemane Precision Valves

Eliminate backflow leakage, eradicate volumetric dripping, and ensure absolute dosing precision
across critical fluidic networks. Reemane provides full Computational Fluid Dynamics modeling,

automated optical slit-cutting, and certified United States Pharmacopeia purity data logs. To
coordinate a technical review, contact our fluid engineering desk at sales@siliconefactories.com
or inspect our cleanroom manufacturing facility at www.siliconefactories.com.
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