Simplify 24/40

A practical guide to simplify 24/40, covering the reader intent, the relationship to
simplify 24/40, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In the transition from laboratory-scale research to pilot plant operations, engineers
frequently encounter the challenge of integrating industrial-grade instrumentation
into glassware designed with standard tapered joints. The 24/40 ground glass
joint—signifying a 24 mm outer diameter at the top and a 40 mm length of the
grind—is a ubiquitous standard in chemical laboratories. To simplify 24/40
integrations for level measurement, one must understand the physical constraints
of the joint and the measurement principles of the sensors intended for use.

Reliable level monitoring in small-scale reactors or glass vessels requires a
balance between sensor accuracy and the mechanical limitations of the vessel's
access ports. This guide explores how to effectively adapt industrial level
measurement technologies to these standard interfaces while maintaining process
integrity.

Principles of Level Measurement in Small-Scale
Vessels

Before selecting hardware to simplify 24/40 installations, it is essential to
understand the primary measurement technologies used in industrial automation.
Each principle has specific requirements regarding beam angle, mounting height,
and contact with the medium.

| Radar Level Measurement (Non-Contact)

Radar sensors, particularly those operating in the 80 GHz frequency range, are
often the preferred choice for narrow openings like a 24/40 joint. The principle
relies on the emission of high-frequency electromagnetic waves (FMCW or Pulse).
These waves travel at the speed of light, reflect off the surface of the liquid, and
return to the sensor. The time-of-flight or frequency shift is then converted into a
distance measurement.

For 24/40 applications, the high frequency is critical because it allows for a very
narrow beam angle (often as low as 3 degrees). A narrow beam minimizes the risk
of false reflections from the narrow neck of the glass joint or internal agitators.
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| Ultrasonic Level Measurement

Ultrasonic sensors use sound waves instead of electromagnetic waves. A
transducer emits a mechanical pulse that reflects off the liquid surface. While
cost-effective, ultrasonic technology is often more difficult to integrate into a 24/40
joint due to the "blanking distance" or "dead zone." This is the area immediately
below the sensor where it cannot measure. Additionally, the beam angle of
ultrasonic waves is typically wider than radar, which may cause interference with
the walls of a narrow 24 mm neck.

| Hydrostatic Pressure Measurement

Hydrostatic level measurement determines the level by sensing the pressure
exerted by the liquid column at the bottom of the vessel. The formula $P = \rho
gh$ (where $P$ is pressure, $\rho$ is density, $9$ is gravity, and $h$ is height)
governs this principle. While highly accurate, this method is "contact-based" and
usually requires a bottom-mounted port or a submersible probe. In a standard
24/40 glass setup, this often requires a specialized adapter that allows a capillary
or probe to pass through the top joint down to the vessel floor.

|Adapting Industrial Sensors to 24/40 Joints

To simplify 24/40 mounting, engineers must bridge the gap between the industrial
thread of the sensor (typically 1/2", 1", or 1.5" NPT/G) and the tapered glass joint.

| Mechanical Adapters

The most common solution is a PTFE (Teflon) or stainless steel adapter. These
components feature a male 24/40 ground glass taper on the bottom and a female
threaded opening on the top. PTFE is generally preferred in laboratory and pilot
environments due to its exceptional chemical resistance and its ability to provide a
vacuum-tight seal against the glass without the need for grease, which could
contaminate the process.
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| Beam Alignment and Clearance

When mounting a non-contact sensor through a 24/40 joint, the sensor's emitting
face must be positioned correctly relative to the neck. If the sensor is recessed too
far up into the adapter, the signal may reflect off the internal threads or the glass
taper, creating a "near-field" interference that obscures the actual liquid level.
Ideally, the antenna or transducer should sit just at the transition point where the
neck opens into the main vessel body.

| Selection Criteria for 24/40 Level Measurement

Choosing the right technology involves evaluating the chemical nature of the fluid,
the presence of agitation, and the physical dimensions of the vessel. The following
table provides a comparison of common technologies used when attempting to
simplify 24/40 level monitoring.

Best Use Case Limitations

Technology

Suitability for

24/40

80 GHz Radar Excellent Precise Higher initial cost
measurement in compared to
narrow-neck ultrasonic.
reactors.

Ultrasonic Fair Water-based liquids Affected by foam,
in open or vented vapor, and narrow
vessels. necks.

Hydrostatic Good Small vessels where Requires contact;
top-down access is density must remain
blocked. constant.

Laser Good Clear liquids in very Sensitive to dust and
small vessels. heavy vapor.

Capacitive Fair Non-conductive Requires calibration;

liquids; point level
detection.

sensitive to buildup.
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| Practical Installation Considerations

When you Review product options and application support on the Welk Main Page,
consider the following engineering constraints for your specific 24/40 setup:

1. Vessel Geometry: In a 1-liter or 2-liter round-bottom flask, the surface area of
the liquid changes as the level rises and falls. The sensor must be calibrated to
account for the non-linear volume if volume measurement (rather than just level)
is required.

2. Agitation and Turbulence: Many pilot-scale reactors use overhead stirrers. If the
stirrer shaft is close to the 24/40 port, it can create false echoes for radar and
ultrasonic sensors. Selecting a sensor with "false signal suppression" software is
vital.

3. Vapor and Condensation: Chemical reactions often produce vapors that can
condense on the sensor face. While 80 GHz radar is largely unaffected by vapor,
heavy condensation can attenuate the signal. PTFE-faced sensors or those with a
"dripping" lens design help mitigate this issue.

4. Temperature and Pressure: Standard 24/40 joints are often used in vacuum
distillations. Ensure that the adapter and the sensor's process seal (O-ring) are
rated for the intended vacuum level and temperature range. Industrial sensors are
typically rated for higher pressures than the glass vessels themselves, but the
interface remains the weak point.

| Limitations and Risks

While adapting industrial sensors can simplify 24/40 processes, there are inherent
limitations to consider:

Minimum Measuring Distance: Most industrial sensors have a minimum range (e.g.,
50 mm to 100 mm). In a small glass flask, if the liquid level reaches the neck, the
sensor may lose the signal.

Material Compatibility: Ensure the sensor's wetted parts (the parts touching the
vapor or liquid) are compatible with the chemicals in the vessel. Common
materials include 316L stainless steel, PTFE, PFA, and PVDF.
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Fragility of Glass: The 24/40 joint is made of borosilicate glass. Mounting a heavy
industrial sensor directly onto the joint can create mechanical stress. It is
recommended to use an external support stand or a flexible mounting bracket to
take the weight off the glass neck.

| Maintenance and Calibration

To ensure long-term reliability after you simplify 24/40 installations, a regular
maintenance schedule should be implemented:

Visual Inspection: Regularly check the PTFE adapter for signs of cold flow or
cracking, which could lead to leaks.

Cleaning: If the process involves splashing or foaming, the sensor face should be
wiped down periodically. Many modern radar sensors offer a "self-cleaning"
function through signal processing that ignores minor buildup, but physical
cleaning is still recommended for heavy residues.

Zero-Point Calibration: Because the distance from the sensor to the bottom of a
glass flask is relatively short, even a few millimeters of error can represent a
significant percentage of the total volume. Perform a manual "empty" and "full"
calibration during the initial setup.

| Frequently Asked Questions (FAQ)

Q: Can | use a standard 24/40 adapter for a 120 GHz radar sensor?

A: Yes, higher frequency sensors (80 GHz and above) are ideal for 24/40 joints
because their smaller antennas and narrower beam angles fit perfectly through the
24 mm opening without signal degradation.

Q: Is it possible to measure the level of corrosive acids through a 24/40 joint?

A: Absolutely. By using a non-contact radar sensor with a PTFE-encapsulated
antenna and a PTFE 24/40 adapter, no metallic parts come into contact with the
corrosive vapors.

Q: How do | handle foam in a small reactor?
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A: Foam can absorb ultrasonic waves and scatter radar signals. If foaming is
persistent, a guided wave radar (GWR) or a hydrostatic pressure sensor might be
more reliable, although GWR requires a probe to be inserted into the liquid, which
may be difficult in a small flask.

Q: What is the benefit of using a 24/40 joint over a standard flange?

A: In a laboratory setting, 24/40 joints allow for rapid assembly and disassembly of
equipment without the need for tools or heavy bolting. It maintains the modularity
required for experimental setups while providing a repeatable seal.

By following these guidelines and selecting the appropriate sensor technology,
engineers can successfully simplify 24/40 level measurement, ensuring accurate
data collection during the critical scale-up phases of chemical and pharmaceutical
development.



