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Introduction

The Process Engineering in Pump and Compressor Design course provides engineers with a
structured, in-depth understanding of fluid machinery in industrial systems. The training focuses on
the theoretical foundations governing pump and compressor behavior across various operating
conditions. It examines how process parameters influence equipment reliability, efficiency, and long-
term performance. Participants explore the interaction between process design and mechanical
system functionality.

This Process Engineering in Pump and Compressor Design program emphasizes integrating process
requirements with sound engineering judgment. The training explains how design decisions affect
operational stability and energy utilization. It also highlights the role of rotating equipment
engineering in modern industrial facilities. Learners gain the analytical perspective required to
support high-quality mechanical process engineering decisions.

Targeted Groups

This Process Engineering in Pump and Compressor Design training targets professionals seeking
knowledge and skills:

Mechanical engineers working in industrial facilities.
Process engineers are involved in system design activities.
Rotating equipment engineers supporting plant operations.
Maintenance engineers are improving equipment reliability.
Project engineers managing mechanical installations.
Facility engineers are responsible for pump systems.
Oil and gas professionals handling compression systems.
Power and utility engineers managing fluid networks.
Petrochemical engineers are involved in equipment selection.
Technical supervisors oversee mechanical assets.
Engineering graduates entering process industries.

Course Objectives

Participants will achieve the following objectives by completing the Process Engineering in Pump and
Compressor Design course:

Understand core principles of pump and compressor design.
Explain process engineering for pumps in industrial systems.
Analyze fluid properties affecting equipment behavior.
Interpret pump and compressor performance curves accurately.
Evaluate system requirements for proper equipment sizing.
Apply compressor design engineering concepts effectively.
Assess operating limits and stability conditions.
Calculate head, pressure, flow, and efficiency values.
Identify causes of cavitation and surge phenomena.



Compare different pump and compressor configurations.
Integrate mechanical process engineering concepts into layouts.
Examine the process design of compressors for varying gases.
Evaluate energy consumption trends in rotating machinery.
Support pump and compressor selection decisions.
Interpret process constraints in mechanical systems.
Apply theoretical troubleshooting methodologies.
Understand the interaction between piping and equipment.
Develop structured engineering evaluation skills.
Strengthen analytical thinking for equipment performance.

Targeted Competencies

Participants will gain the following competencies during the Process Engineering in Pump and
Compressor Design program:

Strong understanding of pump design engineering fundamentals.
Ability to evaluate rotating equipment process engineering concepts.
Competence in process engineering equipment design principles.
Skill in interpreting hydraulic and thermodynamic behavior.
Capability to analyze pump and compressor performance analysis data.
Proficiency in compressor process design evaluation.
Understanding of industrial pump engineering applications.
Ability to review technical datasheets accurately.
Knowledge of system losses and efficiency limitations.
Competence in mechanical system performance assessment.
Ability to support multidisciplinary engineering discussions.
Improved judgment in equipment configuration decisions.

Studying Scenarios

In this Process Engineering in Pump and Compressor Design training, participants develop skills
through the following scenarios:

Analyzing pump failure due to poor suction conditions.
Evaluating compressor instability under fluctuating loads.
Reviewing process design errors affecting system efficiency.
Interpreting performance curves for operating deviations.
Studying cavitation development in industrial pumps.
Assessing energy losses in oversized equipment.
Investigating pressure drop miscalculations.
Comparing alternative pump and compressor selections.
Reviewing layout constraints impacting reliability.
Examining process optimization for pumps in complex systems.

Course Content

Unit 1: Fundamentals of Pump and Compressor Operations

Definition of process engineering in fluid machinery systems.
Role of pumps and compressors in industrial processes.
Overview of rotating equipment engineering principles.



Relationship between pressure, flow, and energy transfer.
Differences between liquid and gas handling equipment.
Basic thermodynamic concepts affecting compression.
Fundamental hydraulic principles in pump operation.
Understanding system resistance curves.
Interpretation of efficiency and power curves.
Interaction between equipment and process conditions.

Unit 2: Process Engineering Principles for Mechanical Systems

Introduction to process engineering for mechanical systems.
Importance of process data in equipment design.
Fluid property evaluation and impact on performance.
Density, viscosity, and temperature considerations.
Process boundaries and operating envelopes.
Interaction between process flow and mechanical limits.
Process safety margins in rotating equipment.
Influence of transient conditions on system behavior.
Role of mechanical process engineering in design reviews.
Alignment of process objectives with equipment capabilities.

Unit 3: Pump Design Engineering Fundamentals

Overview of centrifugal pump operating theory.
Classification of pumps used in industrial services.
Impeller design concepts and flow patterns.
Volute and diffuser design principles.
Pump head development mechanisms.
Net Positive Suction Head requirements.
Effects of cavitation on pump reliability.
Pump affinity laws and scaling methods.
Industrial pump engineering performance limitations.
Relationship between speed, flow, and efficiency.

Unit 4: Compressor Design Engineering Concepts

Introduction to Compressor Systems Engineering.
Differences between dynamic and positive displacement compressors.
Gas behavior during compression processes.
Compression ratio and staging concepts.
Polytropic and isentropic efficiency definitions.
Compressor map interpretation fundamentals.
Surge and choke operating regions.
Impact of molecular weight on compressor selection.
Process design of compressors for varying services.
Interaction between the compressor and process control systems.

Unit 5: Pump and Compressor Selection Methodology

Importance of accurate pump and compressor selection.
Defining normal, minimum, and maximum operating points.
Evaluating process flexibility requirements.



Matching equipment curves with system curves.
Selection risks associated with oversizing.
Influence of future capacity expansion.
Review of datasheets and vendor submissions.
Technical comparison of alternative equipment.
Role of process engineering in final selection.
Integration with the overall plant design philosophy.

Unit 6: Hydraulic and Mechanical Performance Analysis

Evaluation of hydraulic losses in piping systems.
Pressure drop calculation methods.
Influence of fittings and valves on performance.
Mechanical losses in rotating components.
Shaft power determination techniques.
Bearing and seal performance considerations.
Heat generation during compression.
Pump and compressor performance analysis methods.
Identifying deviation from design conditions.
Interpretation of operational performance trends.

Unit 7: Process Optimization for Pumps and Compressors

Principles of process optimization for pumps.
Identification of inefficiencies in mechanical systems.
Energy balance evaluation techniques.
Impact of variable operating conditions.
Role of speed control in efficiency improvement.
System redesign versus equipment replacement.
Optimization within process constraints.
Long-term performance improvement strategies.
Evaluation of operational flexibility.
Integration of optimization into process design reviews.

Unit 8: Reliability and Operational Stability

Factors affecting rotating equipment reliability.
Influence of process fluctuations on stability.
Monitoring key operating parameters.
Early indicators of performance degradation.
Standard failure mechanisms in pumps.
Standard failure mechanisms in compressors.
Interaction between process upsets and equipment damage.
Reliability considerations during the design stage.
Importance of steady-state operation.
Process-driven reliability improvement concepts.

Unit 9: Safety, Standards, and Engineering Compliance

Process safety considerations in pump systems.
Compressor safety limits and protection concepts.
Overpressure scenarios and design safeguards.



Relationship between standards and process design.
API and ISO application principles.
Hazard identification related to rotating equipment.
Process containment philosophy.
Environmental implications of leaks and emissions.
Safe operating envelopes for equipment.
Engineering documentation for compliance verification.

Unit 10: Integrated Process Engineering Applications

Linking process data with equipment behavior.
Reviewing complete pump system design scenarios.
Analyzing compressor systems under varying loads.
Evaluating equipment upgrades within existing plants.
Reviewing process engineering equipment design limitations.
Assessing system debottlenecking strategies.
Comparing theoretical and actual performance.
Understanding the interaction of multiple rotating units.
Applying integrated design thinking.
Synthesizing process and mechanical engineering decisions.

Final Insights & Key Takeaways

This Process Engineering in Pump and Compressor Design Course develops strong theoretical
competence in fluid-mechanical systems. Participants develop structured analytical skills applicable
to pump and compressor design challenges. The course strengthens understanding of performance
behavior, system interaction, and reliability drivers. Graduates are well prepared to support complex
mechanical process engineering decisions with confidence and technical clarity.
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