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In the modern engineering landscape, the complexity of piping and ducting systems has reached a level where

manual calculations and spreadsheets are no longer sufficient to ensure safety, efficiency, and reliability. Whether

designing a simple cooling water loop or a massive natural gas distribution network, engineers must account for a

myriad of variables including pressure drops, flow distributions, heat transfer, and transient behaviors. Applied Flow

Technology (AFT) has emerged as a global leader in providing sophisticated simulation tools that bridge the gap

between theoretical fluid mechanics and practical industrial application. This article provides a technical deep-dive

into the AFT software suite, exploring its core mechanics, mathematical foundations, and implementation strategies

for professional engineers.

The Critical Role of Hydraulic Modeling in Modern Engineering

Hydraulic modeling is the process of creating a mathematical representation of a fluid system to predict its behavior 

under various operating conditions. In industries such as oil and gas, chemical processing, power generation, and 

water wastewater management, the stakes of hydraulic design are high. An undersized pump can lead to 

insufficient cooling, while an oversized pipe can result in unnecessary capital expenditure and potential sediment 

buildup. Applied Flow Technology (AFT)provides a suite of tools that allow engineers to visualize these systems

before a single pipe is laid.

Core Challenges in Fluid System Design

•  Pressure Drop Prediction: Accurately calculating frictional losses across complex geometries, valves, and 

fittings.

•  Flow Distribution: Ensuring that parallel paths in a network receive the required flow rates, particularly in 

unbalanced systems.

•  Pump and Equipment Integration: Selecting the correct pump curves and identifying the intersection point with 

the system curve.

•  Transient Phenomena: Predicting and mitigating the effects of water hammer or surge caused by valve 

closures or pump trips.

•  Phase Changes: Handling the complexities of compressible gas flow or the sudden transition from liquid to 

vapor.

The AFT Software Ecosystem: An Overview

The AFT product line is segmented by fluid type and system behavior, allowing for specialized analysis across

different engineering disciplines. The primary tools include AFT Fathom, AFT Arrow, AFT Impulse, and AFT

xStream.

1. AFT Fathom: Incompressible Flow Simulation

AFT Fathomis the flagship product for modeling incompressible pipe flow. It is primarily used for liquid systems

and low-velocity gas systems where density changes are negligible. It utilizes a robust solver to calculate pressure



drop and flow distribution in both open and closed-loop systems.

2. AFT Arrow: Compressible Flow Analysis

For systems involving gases, steam, or high-velocity vapors, AFT Arrowis the industry standard. Unlike liquid

systems, gas systems experience significant changes in density, temperature, and velocity as they move through

the pipe. AFT Arrow accounts for these variables by solving the energy equation alongside the continuity and

momentum equations.

3. AFT Impulse: Water Hammer and Surge Analysis

Hydraulic transients can be catastrophic, leading to pipe bursts, support failures, and equipment damage. AFT 

Impulsesimulates the effects of pressure surges caused by rapid changes in flow velocity. It uses the Method of

Characteristics (MOC) to solve the partial differential equations governing transient flow.

4. AFT xStream: High-Speed Gas Transients

Focusing on the complex behavior of high-speed gas transients, AFT xStreamis designed for steam hammer and

gas surge events. It is particularly useful for modeling safety relief valve (SRV) discharges and rapid pipeline

depressurization.

Theoretical Framework: The Physics Behind the Simulations

To understand how AFT software operates, one must examine the fundamental equations of fluid mechanics that

form its "engine." The software essentially solves a system of non-linear equations based on the conservation of

mass, momentum, and energy.

The Darcy-Weisbach Equation

The primary method for calculating frictional pressure drop in AFT software is the Darcy-Weisbach equation:

hf = f * (L/D) * (v² / 2g)

Where:hf: Head loss due to frictionf: Darcy friction factor (determined by the Colebrook-White equation)L: Length 

of the pipeD: Internal diameterv: Flow velocityg: Acceleration due to gravity

The Matrix Method and Newton-Raphson Iteration

AFT software uses a Matrix Method to represent the piping network. Each pipe is a link, and each connection is a 

node. For a network of N nodes and P pipes, the software generates a system of equations that must be solved 

simultaneously. Because the relationship between flow and pressure drop is non-linear (velocity is squared), the 

software employs the Newton-Raphson iterative methodto converge on a solution where the sum of flows at

each node equals zero (Conservation of Mass).

Compressible Flow Equations in AFT Arrow

In AFT Arrow, the software cannot assume constant density. It must solve the integrated form of the momentum 

equation for compressible flow. This involves evaluating the Mach Number (M), which is the ratio of the fluid

velocity to the speed of sound. As the Mach number approaches 1.0, the system encounters "choked flow"

conditions, a critical phenomenon that AFT Arrow is designed to detect and manage.

Technical Comparison: AFT Fathom vs. AFT Arrow

Choosing the right tool is essential for accuracy. The following table provides a comparison of the technical

capabilities and use cases for the two primary steady-state modeling tools.



Feature AFT Fathom AFT Arrow

Primary Fluid State Liquids and low-velocity gases Gases, steam, and vapors

Density Assumption Constant (Incompressible) Variable (Compressible)

Energy Balance Optional (Heat transfer focus) Standard (Full energy equation)

Sonic Choking Not Applicable Modeled and Checked

Fluid Properties User-defined or library-based Extensive Gas/Steam Tables 
(REFPROP)

Typical Industry HVAC, Fire Water, Chemical 
Processing

Steam Distribution, Natural Gas, 
Aerospace

Advanced Features and Modules

AFT software is often extended via optional modules that provide specialized functionality for specific engineering

tasks.

Goal Seek and Control (GSC)

The GSC module allows engineers to perform "inverse" modeling. Instead of calculating the result of a known

system, the engineer defines a goal (e.g., "I need 500 GPM at Node 10") and the software identifies the required

variable (e.g., "What should the valve opening or pump speed be?"). This is invaluable for system optimization.

Extended Time Simulation (XTS)

While Fathom and Arrow are primarily steady-state tools, the XTS module allows for the modeling of systems over

time. This is used to simulate tank filling/draining cycles or the gradual changes in system behavior as a filter

becomes fouled.

Automated Network Sizing (ANS)

The ANS module automates the selection of pipe and equipment sizes to minimize cost or weight while meeting

design constraints. This moves the software from a simple simulation tool to a powerful design optimization engine.

Step-by-Step Modeling Workflow in AFT Software

To produce reliable results, engineers should follow a disciplined workflow when building a hydraulic model.

1.  Define System Requirements: Identify the fluid properties (viscosity, density, vapor pressure) and the 

required flow rates or pressures at specific points.

2.  Construct the Workspace: Use the drag-and-drop interface to place pipes and junctions (pumps, valves, 

reservoirs, heat exchangers).

3.  Input Geometric Data: Enter pipe lengths, diameters, and roughness. Define the elevation of each junction to 

account for static head.

4.  Define Component Characteristics: Input pump curves, valve CV values, or heat exchanger pressure drop 

data.

5.  Run the Solver: Initiate the simulation and check for convergence. AFT software provides detailed warnings if 

the model is mathematically unstable or physically impossible.



6.  Analyze Results: Use the Output window and Visual Report to inspect flow velocities, pressures, and NPSH 

(Net Positive Suction Head) margins for pumps.

7.  Sensitivity Analysis: Vary operational parameters (e.g., one pump running vs. two pumps running) to ensure 

the system is robust under all expected conditions.

Mathematical Modeling of Pumps and Valves

A significant portion of an engineer's time is spent modeling active components. AFT software offers high-fidelity

options for these elements.

Pump Modeling and NPSH

Pumps are defined by their head-capacity curves. AFT software calculates the NPSH Available (NPSHA) at the 

pump suction and compares it to the NPSH Required (NPSHR)provided by the manufacturer. If NPSHA drops

below NPSHR, the software warns of potential cavitation—a condition that can destroy pump impellers within hours.

Control Valve Modeling

Control valves (PRV, PSV, FCV) are modeled based on their Flow Coefficient (Cv). The software can simulate the 

valve in various states: fully open, closed, or actively modulating to maintain a specific setpoint. The Joule-

Thomson effectis particularly important in AFT Arrow when modeling high-pressure gas expansion through a

valve, as it can lead to significant cooling and potential freezing.

Practical Implementation: A Case Study in Cooling Water System Design

Consider a chemical plant designing a new cooling water loop. The system consists of a central pump house, three 

heat exchangers in parallel, and a cooling tower. Using AFT Fathom, the engineer can simulate various scenarios.

Scenario A: Balanced Flow

By adjusting the pipe diameters and manual balancing valves, the engineer ensures that each heat exchanger

receives exactly 1,000 GPM. AFT Fathom's output shows the pressure at each junction, allowing the engineer to

select a pump that provides enough head to overcome the most hydraulically remote branch.

Scenario B: Equipment Failure

The engineer simulates the closure of one heat exchanger branch for maintenance. AFT Fathom reveals that the

flow in the remaining two branches increases, potentially exceeding the maximum velocity limits of the piping

material or causing the pump to run off the end of its curve.

Scenario C: Energy Savings

Using the VFD (Variable Frequency Drive) modeling feature, the engineer calculates the energy savings achieved

by reducing pump speed during low-demand periods. This data is used to justify the capital cost of the VFD to

management.

Troubleshooting and Common Modeling Errors

Even with powerful software, the quality of the output depends on the quality of the input (Garbage In, Garbage

Out). Engineers must be vigilant for common pitfalls.

•  Incorrect Elevation Data: Static head is a major component of total head. Failing to account for elevation 

changes between the source and the destination will lead to inaccurate pressure predictions.

•  Fluid Property Errors: Using water properties for a glycol-water mixture will result in incorrect Reynolds 



numbers and friction factors, particularly at low temperatures where viscosity increases significantly.

•  Missing Fittings: Neglecting the "minor losses" from elbows, tees, and reducers can result in an 

underestimation of total pressure drop by 10% to 20% in complex systems.

•  Laminar vs. Turbulent Flow: While most industrial systems are turbulent, AFT software correctly identifies 

laminar flow regimes. Engineers must ensure their friction factor models (like Churchill) are appropriate for the 

transition zone.

The Broader Implications of Simulation in Engineering

The integration of AFT software into the engineering workflow represents a shift toward Digital Twin technology. By

maintaining an accurate hydraulic model throughout the lifecycle of a plant, operators can predict the impact of

future expansions, troubleshoot operational issues, and train new personnel in a risk-free virtual environment.

Furthermore, the ability to demonstrate system safety through simulation is becoming a standard requirement for

regulatory compliance and insurance audits.

As the industry moves toward more sustainable and energy-efficient designs, the precision offered by tools like

AFT Fathom and AFT Arrow becomes indispensable. Minimizing pressure drops directly translates to reduced

pumping power, which in turn lowers carbon footprints. In the hands of a skilled engineer, AFT software is not just a

calculation tool—it is a strategic asset for designing a safer, more efficient fluid world. Through the rigorous

application of fluid mechanics and numerical methods, these simulations provide the clarity needed to make

informed decisions in the face of complex physical challenges.
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