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1.

1.1

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.
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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.

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

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 isizing information
for almost any ajrcraft ECS. Program organization, solutions techniques, use, and qutput content are
summarized herein.

4.1 History of Program:
Development ¢of the AECS Computer Program-was sponsored by the U.S. Air For¢e. The initial
version was completed in May 1972 (Reference 1), at which time it was designate as IECS. A
user’s supplement was issued in March1976 (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 performang e', estimated
component and system'sizes, weights, cost, and reliability, and relative aircraft pepalties for most
aircraft ECS. Performnance can be calculated for any ECS operating condition. Options include
analysis of airjafid‘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

thermodynami

¢ 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.

-5-
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4.3 Program Organization:

The AECS Computer Program is organized to provide two different types of analyses for aircraft
ECS. The first is to determine the thermodynamic performance of an ECS or flow system, or of any
part of a system. The second is to determine sizing information about the components of an aircraft
ECS, or of an entire aircraft ECS.

The computer program structure is organized with two levels of overlays as shown in Figure 1. The
first overlay leyel contains four segments: one for performance analysis, one for_sjzing analyses,
and two suppqrting segments. Sizing analyses are made with performance information. This
information is pbtained directly from a performance analysis, or from the dummy pgrformance
segment which processes performance input data. The fourth segment-accessesjand loads or
stores tabular data for an analysis. The performance and sizing overlay(segments|contain a second
overlay level made up of three additional subsegments.

Each of the sefond overlay subsegments provides one of thregfunctions. The firs{ scans input data,
prepares errorlmessages about the input data if any are found; and combines previpus and new data
if a previous apalysis is to be modified or changed. The , second subsegment reads, checks, and
stores data fonuse in the third subsegment. The third:Subsegment performs the designated
analyses and stores the results for data output.

Main
Program
Overlay
Lt
Dumm - Permanent
Performance : P.rfolmuvlce —— = Sizing Table
Segment Segment | Segment Segment
Overlay 1
Level 2 r——=— -
I
Input Data . Performance I Input Data Component
Scan and R'":’“tc?"“k Computation | ] Scan and ;"&“tcg“: and System
Change Case - eac, Lheck, Iteration Change e d'Sto.c ) Sizing and
Merge and Store and Output Case Merge and Store Output
GP13:0081-1

FIGURE 1 - Computer Program Structure



https://saenorm.com/api/?name=e65cc3e48850152c7b2cf16a8074960a

SAE AIR1706 Revision B

4.4 General Methods of Solution:

Two general solution methods are used in the analysis subsegments. One is simple explicit solution
methods, which are used for equations which provide sizing information about many types of
components. The second is generalized Newton-Raphson iteration method for solving sets of
nonlinear equations. This method is used for the performance analysis and for some sizing
analyses. The Newton-Raphson matrix solution method is discussed in the following paragraphs.

The objective
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errors relative
acceptably sm

The generalizd
of the key vari
method (e.g.,

successively gpplied until the errors are reduced below.the acceptable minimum v

The iterative s
System descri
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performance is
arrangement g
(i.e., no systen
0.1%) and a sq
are used in thd
system analys
results are out
performance.

pf the iterative solution method is to determine numerical values of 3 set of key

or control valve position. If assumed values are used, explicit solu
to boundary conditions for the nonlinear equations. When'the error
all values, a valid solution is obtained.

bd Newton-Raphson iteration method is used to‘modify assumed or
bbles until the errors are acceptably small. Each application of the |
see Reference 4) provides better estimates for the key variables. Ti

blution method, as used for a performance analyses, is summarized
btion information (components arrangement and performance, initia
land values of the boundary-conditions) is used in the initial system
5 sequentially calculated with' the initial estimates by following the cg
efined by the input. This.produces results which do not meet the bo
N balance) and unacteptable errors. The initial values are perturbeq
bcond sequential analysis is made with the perturbed values. These
e Newton-Raphson iteration method to define new values of the key
s loop is successively repeated until acceptably small errors are ob
put as the~solution to the nonlinear equations which represent the s

h initially are unknown. If these values were known, the solutionf the nonlinear
Id be explicit. Examples of key variables are flow rates, the pressure ratio of a turbine

ions produce
5 are reduced to

estimated values
Newton-Raphson
ne method is
alues.

in Figure 2.
estimates for the
hnalysis. System
mponent
undary conditions
| (increased by
fwo sets of values
variables. The
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Description
Component Component Initial Boundary.
Armrangement Performance Estimates Conditions

System

Analysis i

]
chn:}ntid System Perturbed .
Analysis Balance? _NT. An;‘lvsis Iteration
chs
Output
GR13-0081-2
FIGURE 2 - Performance Solution Method
4.5 Modes of Opefation:
The AECS Computer Program has two basic modes of operation. One is to determine the steady

state thermodynamics performance of a flow system and the other is to provide equipment sizing
information. The performance mode is generally used to determine parameters such as flow rates,
temperatures, and pressures. Other information, such as heat exchanger effectiveness, flow areas,
or efficiencies of turbines or compressors, is obtainable by simple input changes (which do not
require Fortran statements). Sizing information which can be obtained includes component
dimensions, weight, relative cost and reliability; total system weight, relative cost and reliability; and
aircraft penalties due to an ECS.
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4.5.1

452

4.6

4.6.1

46.2

Performance Mode: The performance mode of operation is used to calculate thermodynamic
performance for all or any part of a flow system or ECS. Identification of the unknown parameters,
whose values are to be determined by the program, is a user option. Analytical representation of

the system and of its individual components may be simple, detailed, or a combination of simple
and detailed definitions. Options are available to vary the amount of output detail desired.
Analysis changes are readily accommodated to define removal or additions of components,
different component characteristics, various mission or flight conditions, or different unknown
variables and boundary conditions.

Sizing Mode
individual air
performance
provided by

to obtain system sizing information, system penalties imposed on an aircraft, an

defining the
accomplishe)

Model Definitiq

Preparation of|
involves three
relate the com
data describin

Problem Des
flow diagram

definition of {he flight or ground conditions at which the system performance is to

appropriate

Problem deg

he user. Basic sizing results are provided for each component. Op

bredicted performance of some components. Analysis changes als
d via simple changes in input information.

n:
steps. The first step is to describe-the problem to be solved. The s
ponent name identifiers of the program to the problem. The third st

j the problem in the AECS formats.

bcription: Problem description for a performance analysis might cong
of the ECS to be analyzed, tables or figures defining component pg

lata which define characteristics of engine bleed air or available poy

The sizing mode of operation is used to determine several types)of sizing data about
craft ECS components or about a complete ECS. Sizing data are bpsed on
information calculated by a performance analysis or on petformande information

ions are available
| dataplots
D can be

the system math model information for a performance or sizing analysis normally

econd step is to
bp is to prepare

ist of a schematic
trformance,

be analyzed, and
ver.

cription for.@ sizing analysis consists of component performance da

a (which can be

obtained from a performance analysis), identification of general sizing data for spme components

(e.g., heate

parameters i|f ECS penalties on an aircraft are to be determined.

changer fin designation), and selected aircraft aerodynamic and engine performance

Use of Component Identifier Subroutines: The AECS Computer Program contains subroutines for
computing the performance and for sizing numerous components of aircraft ECS. These
subroutines are identified as abbreviations for component names or analysis techniques.

The AECS Computer Program user selects component name identifiers that provide the
component and system analysis methods or model desired. A system flow schematic normally is
prepared using the AECS component names. This flow schematic is used to define numerical
identifications for locations between components where thermodynamic properties are to be

determined.
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4.6.3 Data Preparation: Data describing the mathematical analysis information to be used in the AECS

4.7 Problem Input

Problem input
the four forma

(0]

Analysis T
preceding

Title - The

General P
and option

Table of P4
analysis

Componer]
for comporn

Tables of R

represent functional+elations between dependent and independent variables (

physical pr

Analysis C
be analyz

Computer Program are prepared in four formats. These four formats represent the total math
model for a performance or sizing analysis, but specific data in each are different. The four data
formats contain: 1) general information such as system boundaries (e.qg., altitude, Mach, humidity);
2) values of constants to be used in the analysis; 3) the component name identifiers to be used and
integer number codes which describe how the subroutines are to be used; and 4) tables defining
specific functional data in decimal form.

data for a performance or sizing analysis are prepared in similar for

performance or sizing analysis problem
title is defined by the user

oblem Data - General problem data include ambient conditions, airg
| output identifiers

t Name Identifiers - The component identifiers define analysis techn]
lent performance (05 'sizing, and general analysis techniques

unctional Variables - The tables of functional variables define nume
operties)

ompletion - The analysis completion input identifies if one or severa

mats. These are

s which describe the math model preceded by identification and title information, and
followed by analysis completion data. Problem input data order is depicted in Figu

re 3.

pe - Analysis types are Performance, Sizing, or €hanges to an immediately

raft parameters,

rameter Values - This table contains numerical values of parameters to be used in the

iques or models

rical data which
e.g., fluid thermo-

problems are to

d.

Additional specific comments about input for performance or sizing problems are presented in the
following subsections. Primary differences in the type of input information occur in the component
identifiers and tabular data.

-10 -
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Analysis Complstion

Tables of Functional
Varisbles

) —V

INLET

HXA | Component
TURB [ identifiers

etc.

/

Table of
Parameter Values

/ 7

General Problem Data

/ —

l TITLE

PERFORM
PCHANGE Analysis

SIZE Type
SCHANGE

FIGURE 3 - Problem Input Data

-11 -
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4.71

4.7.2

Performance Input: Component name identifiers listed in a flow sequential manner (defining an
explicit arrangement), and tabular data, which define the performance of individual components,

are required

for a performance analysis.

The sequential input of performance component names is started at an upstream location, and it is
continued for each successive component or analysis model until an outlet or downstream location
is defined. This input generally consists of: the component name identifier, a sequential
identification number defined by the user, the input and output flow leg and station location

numbers as defined on the user’s schematic flow diagram, selected calculation.g
pressure drgp analysis method), and integer numbers identifying numerical-cons

values) or ta
Tabular inpu
formats, a tit
include pres
turbine adiah

three user s¢lected independent variables.

Sizing Input:
and the tabu

les to be used in the analysis.

data include an identification code, an integer defining.one of the 1
e, and the numerical tabular data. Types of data whickare input in
sure drop versus air flow rate, heat exchanger effectiveness, and co
atic efficiency. Tables may be defined as data arrays. or functions ¢

Component name identifiers for a sizing analysis normally can be |
ar data define generalized geometrictand performance data for the

ptions (such as a
tants (parameter

5 available table
tabular formats
mpressor and

bf one, two, or

isted in any order
components.

Input information for sizing component generally consists of: the component naine identifier, an

optional ider
output state
valve, power
values and t
designated d@

Tabular inpu
Types of dat
properties, g
data.

tification number, the flow leg and station location numbers which d
properties for which the component is to be sized, calculation option
source for a fan or compressor, etc.), and integer numbers identifyi
bbles to be used in the analysis. The component name identifiers m
rder if a dependengy between components is desired.

data are prepared in the same format for sizing analysis as for perfg
A input intabular formats for component sizing include material ther
eneralpressure loss factors for plumbing, and heat exchanger “f”, “j

efine input and
s (e.g., type of
ng parameter
ay be inputin a

rmance analysis.
mophysical
", and geometric

-12-
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4.8 Control Options:

4.9

4.9.1

The AECS Computer Program contains capabilities for many options which can be used to control
an analysis and to mathematically simulate ECS controls. The user can obtain a performance or
sizing analysis, or changes to either. He can define the fluid flowing in the components, the format of
functional tables used, and how these tables are interpolated or extrapolated.

The performance analysis allows many options for defining system component arrangement and the

number of components used. Detail for defining the performance of a component jalso is optional.

For example, |
and pressure |
head, orany o
can be based

The simulation
and by control

where temperature, pressure, flow rate of a fluid, humidity, ratio in a gas stream or

refrigerant is tg
defining analy
the open or clq

through the valve and its associated connecting licés is required.

A program use
general featurg
components.

exchanger cor
machine, the [
controller type

Program Outp

Program outpt

atio with the pressure ratio obtained as a function of corrected flow
ther user defined independent variable; and thermal performance fo
bn constant or variable temperature effectiveness or heatdransfer ef

logic subroutines. For example, component idéntifier SENSOR is U

b be controlled. Component identifiers CCS and MISC provide cont
5is steps to be skipped, added, or changed. For example, if CCS is
sed position of a shutoff valve, inputwhich defines when to elimina

r controls the performance conditions for which components are to
bs of some components. Coemponents can be sized individually or i
User control options include materials for which components are to
e arrangements and‘fin‘designations, the use of a radial or centrifug
ower source to drive a compressor, type of valve (e.g., butterfly, po
(e.g., a simple cabin pressure controller or more complex electronid

ut:

it for'a performance or sizing analysis normally is provided as tabul3

values of calcy

performance of a compressor can be analyzed with a constant or vaLiabIe efficiency

rate, adiabatic
heat exchangers
fectiveness.

of ECS controls is provided by specification of where a variable is o be controlled

sed to specify
enthalpy of a

rol options by
used to simulate
e analysis of flow

be sized and

1 relation to other
be sized, heat

al air cycle

ppet, etc.), and
controller).

ted numerical

lation results. For either type of analysis, input data and intermediat

b results also may

be output.

Performance Output: Output data from a performance analysis always includes the assumed and
initially calculated thermodynamic conditions based on user input (i.e., results which produce
errors at the boundary conditions) and the balanced system thermodynamic performance
conditions (i.e., small acceptable errors at the boundary conditions). The user also may obtain
detailed performance results for each component and details about each iterative analysis loop. A
summary of performance output, which includes optional output data, is presented in Figure 4.

-13-
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O Component O & o]
O Performance (o] fo
o Summary* (o) o
O o o
o O
O Assumed and Initial Ol o| o
O Caiculated Conditions 0] (o)
]| O o o
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ol o
O Tabuiw Data® o1, © o
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o o o)
o o o]
o o
O component Data* o o 0]
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(o] o (o]
o o o
o o
O rite of of of piwwom
Genefal Problem Data* O o]
O Problem Constants® o) (o]
(0] 0 0
o] © ©
0] o o]
(0] o}
(0] ®)
(o] o]
o o Y,
o o
*Optional
GP13-0081-4

FIGURE 4 - Performance Output
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4.9.1 (Continued):

System thermodynamic performance results and the assumed and initially calculated system
conditions are provided in similar formats. Figure 5 is a typical output of system performance
results, with each type of result identified by the user’s numerical location code. Flow rates,
pressures, temperatures, and humidity ratio or refrigerant enthalpy throughout the system are
provided. (Flow rates are Ib/min, pressures are psia, temperatures are °R, humidity is Ib water/Ib
dry air, and enthalpy is Btu/Ib). Information about initially unknown values (state variables) and
boundary conditions of the problem (error variables) also are provided.

The optionalfcomponent performance summary data provide thermodynami¢copditions at the
inlets and odtlets of each component. Performance data unique to each Component (e.g.,
effectiveness, pressure ratio, etc.) are included.
FLOW RATE(S)

1) 7800 ( 3) 7810 ( 5 00 ( 7) 7810 ( 9) 0.0 1) 78.10
( 13) 14815 ( 15) 39.59 ( 17) 108.56 ( 19) «148.15 ( 21) 0.0 23) 78.10
PRESSURE(S)
( 2) 75086 ( 4) 78.07 ( 6) 78.07 (.\ 8) 76.84 ( 10) 12.81 12) 12.76
( 14) 787 ( 16) 0.00 ( 18) 12.76. (>~ 20) 12.76 ( 22) 12.76 24) 12.00
( 26) 1790 ( 28) 6.18 ( 30) 5.98\\(" 32) 4.53 ( 34) 4.53 36)  4.53
( 38) 453 ( 40) 4.53 ( 42) 1,05 ( 44) 12.00 ( 46) 8.15
TEMPERATURE (S)
( 2) 1527.00 (  4) 1009.40 (  6).1009.40, ( 8) 591.97 ( 10) 412.19 12) 412.19
( 14) 1009.40 ( 16) 1009.40 ( 18) 412.19 ( 20) 412.19 ( 22) 412.19 24) 412.19
( 26) 880.p0 ( 28) 880.00 (. "30) 880.00 ( 32) 1173.26 ( 34) 1173.26 36) 1480.06
( 38) 1173.p6 ( 40) 1260.00 «(.\“ 42) 1260.00 ( 44) 412.10 ( 46) 1489.06
HUMIDITY(S)/ENTHALFY(S)
( 2 op ( 4 . o0 ( 6 00 ( 8) 0.0 ( 10) 0.0 ( 12) 0.0
( 14) 0.0 ( 16)/ 0.0 ( 18 0.0 ( 20) 0.0 ( 22) 0.0 ( 28) 0.0
( 26) 0.0 ( 2885 0.0 ( 30) 0.0 ( 32) 0.0 ( 34) 0.0 ( 36) 0.0
( 38) 0.0 ( _80) 0.0 ( 42) 0.0 ( a4) 1.000 (  46) 0.0
STATE VARIABLE| TYPE(S)

1) ¢ 2 1w 3 5 | 4) 6
STATE VARIABLEYS}

1)  7.98622¢ 01 ( 2) 1.48150E 02 ( 3) 2.67218-01 ( 4) 1.58564E-04
ERROR VARIABLE TYPE(S)
(G 3 (2 2 3 5 | 4) 2
ERROR VARIABLE(S)
«( -7.32422E-08 ( 2)-5.23567E-04  ( 3)-2.74658E-03  ( 4) 6.20842E-04
SOLUTION CONVERGED IN 9 TRY(S)
0 ERROR(S) DETECTED

GP13-0081-8

FIGURE 5 - System Performance Output
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