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Abstract: Hermetically sealed centrifugal pumps play a vital role in handling toxic, volatile, or hypergolic fluids
such as UH-25, MON-3, N:O,, and UDMH used in aerospace propulsion systems. These pumps differ from
conventional centrifugal pumps by eliminating dynamic shaft seals, replacing them with canned motors or
magnetic couplings to ensure leak-free operation. This paper provides a comprehensive study of centrifugal
pumps, focusing on their classifications, general characteristics, performance curves, cavitation theory, and the
significance of Net Positive Suction Head (NPSH). Special emphasis is placed on the application of hermetically
sealed designs in hypergolic propellant handling. The study also covers pump balancing techniques, sources of
unbalance, monitoring systems, and safety interlocks essential for operational integrity and personnel safety.

1. INTRODUCTION
Pumps are mechanical devices used to move fluids by mechanical action. Among various types, centrifugal pumps are
the most widely used due to their simplicity, durability, and capability to handle a wide range of fluids. However, in
applications involving hazardous or reactive fluids such as hypergolic propellants, standard centrifugal pumps pose
safety risks due to potential leakages at mechanical seals. Hermetically sealed pumps provide a reliable solution by
enclosing the motor and impeller within a sealed chamber, preventing any direct contact between the fluid and external
environment.

2. LITERATURE REVIEW

The development and application of hermetically sealed centrifugal pumps have been pivotal in managing hazardous,
volatile, and reactive fluids, particularly in aerospace and chemical industries. These pumps are critical where absolute
leak prevention is mandatory, such as in the handling of hypergolic propellants like UH-25, MON-3, N2O4, and UDMH.

Conventional vs Hermetically Sealed Pumps: Conventional centrifugal pumps utilize mechanical seals which are
prone to wear and leakage. As noted by Karassik et al. (2001) and Stepanoff (1957), the presence of dynamic seals in
traditional pumps poses a safety risk in toxic or flammable fluid systems. To mitigate such issues, hermetically sealed
designs— namely canned motor pumps and magnetic drive pumps— have been introduced. These configurations
eliminate dynamic seals, thereby significantly reducing the possibility of leakage. Design and Operational Characteristics

Hermetically sealed centrifugal pumps differ primarily in their sealed architecture where the motor and impeller are
enclosed within a common housing. This integration provides leak-proof operation and enhanced safety, as confirmed in
ANSI/HI 1.1-1.2 standards (Hydraulic Institute, 2011). Moreover, the pumps maintain key operational characteristics—
such as performance curves for head, efficiency, power, and Net Positive Suction Head (NPSH)—that align with
conventional centrifugal pumps but demand more stringent design considerations due to the critical nature of the fluids
involved.

Cavitation and NPSH Considerations: Cavitation, a destructive phenomenon caused by local pressure falling below
vapor pressure, is a key concern in pump design. As per NASA technical studies (2021), NPSH must be carefully
managed, especially for hermetically sealed units used in aerospace applications. Ensuring NPSHa > NPSHr with
sufficient margin helps prevent cavitation-related damage and performance loss.
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Application in Hypergolic Propellant Systems: The use of hermetically sealed pumps in systems handling hypergolic
propellants—known for spontaneous ignition and toxicity—is especially vital. The sealed nature of these pumps
eliminates external leakage, minimizing human exposure and fire risk. Furthermore, by submerging motor windings in
the pumped fluid (in canned motor types), the system benefits from improved cooling efficiency and compact design, as
discussed in Majumdar (2005).

Pump Balancing and Monitoring: Efficient operation of these pumps also requires precise static and dynamic
balancing to reduce vibration and wear. Additionally, monitoring systems such as vibration and temperature sensors,
flow meters, and current sensors are integrated with safety interlocks (e.g., dry-run protection, emergency shutdown) to
ensure reliability and protect both personnel and equipment.

General Characteristics of Centrifugal Pumps: Centrifugal pumps exhibit the following characteristics: «+ Head  vs
Flow Rate Curve: Decreasing head with increasing flow rate. « Efficiency Curve: Peaks at the Best Efficiency Point
(BEP). <Power Curve: Typically increases with flow rate. e\NPSH Requirement Curve: Shows the required suction head
to avoid cavitation.

Pump Performance Curves: The four main curves that describe performance are: Head vs Flow (H-Q), Efficiency vs
Flow, Power vs Flow, NPSHr vs Flow.

These curves are crucial in pump selection and system integration. The BEP represents optimal operation and is critical
for longevity and energy efficiency.

Cavitation and Net Positive Suction Head (NPSH) Cavitation: Cavitation occurs when the local pressure in the pump
falls below the vapor pressure of the liquid, forming vapor bubbles that collapse violently, leading to: « Noise and
vibration, Pitting on impeller surfaces, Reduced efficiency, Mechanical damage.

Net Positive Suction Head (NPSH):NPSHa (Available): Determined by system design. NPSHr  (Required): Provided
by pump manufacturer. For safe operation, NPSHa > NPSHr + Margin must be maintained. Hermetically sealed pumps
are often installed vertically or with flooded suction to reduce cavitation risk.

Hermetically Sealed Centrifugal Pumps: These pumps integrate the motor and impeller within a sealed housing. Two
primary designs: Canned Motor Pumps: Motor is immersed in the pumped fluid, separated by a metallic stator can.
Magnetic Drive Pumps: Use magnetic coupling to transfer torque without physical contact.

Advantages:

e Zero leakage

e Reduced maintenance

o Compact design

o Safe for toxic, radioactive, or flammable fluids

Use in Hypergolic Propellant Systems:
Hypergolic Fluids:

o UH-25: Mixture of UDMH and hydrazine hydrate

o MON-3: Mixed Oxides of Nitrogen (3% NO + 97% N:Ox)
* N2O4: Nitrogen tetroxide, a strong oxidizer

o UDMH: Unsymmetrical dimethylhydrazine, highly toxic

Thesefluidsignite spontaneously upon contact and are:

o Extremely toxic
¢ Corrosive and volatile
o Highly reactive with moisture or air
Hence, hermetically sealed centrifugal pumps are ideal due to:
¢ No dynamic seal = No external leakage
e Minimal human exposure
e Enclosed motor avoids ignition risk
o Integrated cooling by process fluid

Balancing of Pumps Unbalance Causes:
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e Manufacturing defects
o Impeller wear
e Deposits or corrasion
e Thermal distortion
Types of Balancing:
e  Static Balancing: Mass is balanced around the axis of rotation.
¢ Dynamic Balancing: Balancing forces in multiple planes during rotation.
e Balancing increases bearing life, reduces vibration, and improves efficiency.

Monitoring Devices and Safety Interlocks
Monitoring Devices:
Vibration Sensors: Detect unbalance or bearing wear.
Temperature Sensors: Monitor bearing and stator temperatures.
Pressure Transducers: Confirm inlet and outlet pressures.
Flow Meters: Validate flow rate.
Current Sensors: Detect motor overloading.
applicability in aerospace and chemical processing industries.

Safety Interlocks:

*Dry Run Protection

*Overtemperature Shutdown

Seal Leak Detectors (for magnetic drive types)
*Emergency Stop Triggers

*NPSH Alarm Systems

These interlocks protect the pump and personnel from failures during hazardous fluid transmission.

3. CONCLUSION
Hermetically sealed centrifugal pumps represent an advanced solution for transferring hazardous fluids like hypergolic
propellants. Their leak-proof design ensures safety, reliability, and environmental protection. Understanding the general
characteristics, cavitation risks, performance curves, and monitoring methods is critical for efficient and safe operation.
Continued innovation in seal- less pump technology will further enhance them.
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