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FOREWORD
Changes in this revision are format/editorial only.
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1. SCOPE:

Many different computer programs have been developed to determine performance capabilities of
aircraft environmental control systems, and to calculate size and weight tradeoffs during preliminary
design. Many of these computer programs are limited in scope to a particular arrangement of
components for a specific application. General techniques, providing flexibility to handle varied types
of ECS configurations and different requirements (i.e., during conceptual or preliminary design,
development, testing, production, and operation) are designated “company proprietary” and are not
available for industry-wide use.

This document describes capabilities, limitations, and potentials of a particular computer program
which provides a general ECS analysis capability, and is available for use in industry. This program,
names AECS', was developed under the sponsorship of the U.S. Air Force Flight Dynamics
Laboratory (References 1 and 2).

The basic operating modes and organizations of the program are described. Methods of problem
definition, data inputs and outputs, control options, and computer system are discussed. The
program’s key capabilities and limitations, and recommendations for future improvements in AECS to
facilitate its use as an industry-wide acceptable method for analysis, are also discussed.

1.1 Purpose:

The purpose of this AIR is to provide aircraft ECS engineers and their managers with information
about a generalized computer program method for calculating steady state thermodynamic
performance of an aircraft environmental control system. Many current computer programs are
“‘company proprietary” or tend to be specifically oriented to a particular ECS configuration or system.
This AIR describes a computer program general enough to allow analysis of essentially all types of
environmental control systems. It is available to companies in the environmental control system
industry. The general nature of the computer solution is useful for sizing activities and trade study
during a preliminary design phase, as well as for detailed system performance analysis. The intent
of this AIR is improved communication between aircraft user, aircraft manufacturer, and ECS
equipment suppliers by use of an industry-wide computer program. This AIR describes the
Advanced Environmental Control System Computer Program, and suggests further improvements to
expand its capabilities.
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3. GENERAL FEATURES OF AECS:
The generalized AECS steady state computer program has the following features:

1) The program can analyze current types of environmental control systems including air cycles (both
simple and bootstrap), vapor cycles, hybrid systems, open or closed loop systems, liquid or gas
cycles, fuel and expendables as heatsinks, and pressurization systems. It can analyze these
systems alone or in combination.

2) The particular system configuration for analysis is entered into the program as input data, without
programming language or change in the program. No computer programming capability is
required to use the program.

3) The program is capable of evaluating ECS functions such as cockpit heating, cooling, and
pressurization; avionics cooling; and air for anti-ice and rain removal, transparency defog, and
auxiliary pressurization.

4) The program includes some generalized heat transfer capability to compute aircraft, compartment,
and system heat loads.

5) The program, in addition to providing detailed thermodynamic cycle data for the performance of a
given system for particular flight conditions, provides the capability to conduct sizing studies, on a
component and on a system basis. The sizing studies include the impact of weight, cost, and
reliability, and consider the effect on overall aircraft penalty.
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3. (Continued):

f.  The program can be used to obtain simplified approximations for conceptual studies, or detailed
system characteristics for specific aircraft performance.

7) The program is usable on a major computer system. It is relatively simple to use by personnel
familiar with aircraft ECS analyses. Means for rapid troubleshooting of errors and non-
convergence are provided.

8) The program utilizes standard input-output formats and units.
9) The program is flexible for relatively simple additions and changes.
4. AECS COMPUTER PROGRAM:

The AECS Computer Program calculates steady state performance and preliminary sizing information
for almost any aircraft ECS. Program organization, solutions techniques, use, and output content are
summarized herein.

4.1 History of Program:

Development of the AECS Computer Program was sponsored by the U.S. Air Force. The initial
version was completed in May 1972 (Reference 1), at which time it was designated as IECS. A
user’s supplement was issued in March 1976 (Reference 3). Improvements were completed in
August 1976 (Reference 2), at which time it became designated as the AECS Computer Program. A
subsequent update was issued in 1982 (Reference 5).

4.2 AECS Capabilities:

The AECS Computer Program calculates steady state thermodynamic performance1, estimated
component and system sizes, weights, cost, and reliability, and relative aircraft penalties for most
aircraft ECS. Performance can be calculated for any ECS operating condition. Options include
analysis of air and vapor cycles with several heat sink fluids and power sources.

Use of the AECS Computer Program requires input of simple coded data. No knowledge of
computer programming techniques or computer language, such as Fortran, is needed. The coded
input data define both complexity of the system to be analyzed and complexity of the analysis.

The AECS Computer Program can be used during ECS trade studies or to determine the
performance of fully defined ECS. Simple, rough analysis techniques can be used to obtain
comparative weights, cost, reliability, and aircraft penalties during a design definition phase. Detailed
analysis techniques, included as options in AECS, also can be used to determine the steady state
thermodynamic performance of all or any part of a prototype or production ECS.

1. For transient ECS analysis, other programs are recommended, e.g., see Reference 7.
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