NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



3490%-H003-R0-00

NASA CR-
L5 052C]

by

ADVANCED FLIGHT DESIGN SYSTEMS
SUBSYSTEM PERFOIRMANCE MODELS

JUNE 1980“ CONTRACT NO. NAS9-15793

>3

B2

s

SAMPLE MODEL
ENVIRONMENTAL ANALYSIS ROUTINE LIBRARY

(NASA-CR=160770) ADVANCED FLIGHT DESIGN N80-31046

SYSTENS SUBSYSTEM PERFORMANCE MODELS. $
SAMPLE MNODEL: ENVIRONMENTAL ANALYSIS
ROUTINE LIBRARY (TRW Defense and Space Unclas Y

Systems Group) 40 p HC AO3/MF A01 CSCL 06K G3/54 28523

Prepared By

K. C. Parker
J. G. Torian

Systems Engineering and Analysis

Department

TRW

DEFENSE AMND SPACE SYSTEMS GROUFP

JG R PR

7

RN - i e

CORARDTI NN | MRS et Soes, SRR LL o, e 5o 0 0 T Y, S IR e oo i A T e o i y———




j

34902-H003-R0-00 |
f ADVANCED FLIGHT DESIGN SYSTEMS i
o SUBSYSTEM PERFORMANCE MODELS |
, i
E JUNE 1980 CONTRACT NO. NAS9-15793
n
§ . SAMPLE MODEL i
E - ENVIRONMENTAL ANALYSIS ROUTINE LIBRARY .
& |

g ; Prepared By
| K. C. Parker

J. . Torian

Systems Enginesring and Analysis

Department

TRW

E . DEFENSE AND SPACE SYSTEMS GROUP
o1 —




- TN T gk gy T e T T Tmemm e A oo

7y

PREFACE
Subsystem performance analysis is required in Flight Design to assess
the capability of the Environmental Control and Life Support System (ECLSS)

to support the flight requirements and define operational procedures under

contingency flight conditions. Current ECLSS modeling techniques are limited

in the variety of configurations and they employ batch mode computer program

execution methods, Future spacecraft will require analysis of both a greater

variety and a greater nuioer of ECLSS than for previous spacecraft programs.
Improvements in the variety of configurations that can be modeled and a

reduction in effort required for modeling and analysis can be accomplished

by developing a modular computer library program which operates interactively.

An effort has been conducted to develop a modular interactive ECLSS per-
formance analysis tool. The final reports on the effort are included in an

Executive Summary and two Technical Reports. The Technical Reports include

a User Guide and a sample model.
The Executive Summary presents an overview of the effort.

The Technical Reports include a User Guide which, due to the modular
nature of the Program Library, includes a greater degree of technical detail
than one for a conventional program. This Sample Model report supplements

the User Guide and {1lustrates a complete ECLSS model set up and execution.
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1. INTRODUCTION
This report presents a sample Environmental Control and Life Support

(ECLSS) model performance analysis using the Environmental Analysis Routines
Library (EARL). This volume supplements the user's Guide to provide an example
of a complete model set up and execution. The particular model was synthesized
to utilize all of the comnonent pavfirmance routines and most of the program
options. The subsequent text presents a description of the synthesized ECLSS,
the driver Routine (MAIN), and the various displays ,in the order they appear in

execution. The MAP and Computer Control Statements are given in Appendix A.
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2. SAMPLE ECLSS MODEL DESCRIPTION
A schematic of the ECLSS to be analyzed is given on Figure 2.1*. The
system consists of an atmospheric loop and a payload loop interfaced to a

liquid heat rejection loop.

The atmospheric coolant enters the cabin at Node 1 and exits into a 002
removal system at Node 2. Cabin make-up Nitrogen and Oxygen are extracted
from Source 1 and 2. CO2 removal canisters are provided from Source 3.
Moisture removal is accomplished between Nodes 3 and 4. The moisture removal
system rejects heat to the liquid loop at Nodes 7 and 8 and stores the con-
densate in Source 4. Cabin temperature is modulated by a heater at Node 4

which controls to a prescribed temperature at the cabin outlet (Node 2). Heater

power is extracted from Source 5.

The 1iquid heat rejection Toop mixes the radiator panel outlet and radiator
by-pass flow (Nodes 16, 20, and 11) into Node 5 which is a final cooling stage
evaporator. The evaporator extracts its expendable media from Source 6. The
liquid cools cold plated equipment between Node 6 and 7 prior to interfacing
with Nodes 3 and 4 of the atmospheric coolant loop condenser. The liquid then
cools a second cold plate prior to interfacing with Nodes 21 and 22 of a payload
coolant Toop. Radiator panel and by-pass flow are then modulated at Node 10 to
control the temperature at Node 5. Node 11 is the by-pass leg. The radiator
consists of two paraliel sets of three panels each.

The payload Toop rcjects heat at Node 21 to the liquid 1oop (Nodes 9
and 10) for cooling of payload equipment at Node 22.

* Figure 2.1 is a program produced schematic prepared from a previous run of

the sample model given in this text. It does not appear in the order with e~

spect to other displays had it been part of the sample execution.
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3, SAMPLE ECLSS MODEL EXECUTION
The driver routine (MAIN 20)* for the ECLSS described in the previous

? section is shown on Table 3.1.
Program Control displays are shown on Figure 3.1 In these, and subsequent

displays, only the completed display is illustrated. Utility input and compon-

% ant data displays are shown on Figure 3.2. The Boundary Condition and Print J
_ Control information shown on Figure 3.3. These three Figures are part of the

; active execution. Printed performance and Plot data as output are shown on 9
% , Figures 3.4 and 3.5 respectively. These Jatter two Figures are generated as

P part of the passive execution.

|

x

{

3

.

el

T AT

~

* This model was executed using the MAP given in Appendix A. Several problems
<. related to loss of Common Data have occurred executing with this particular MAP

' C structure. These problems can be avoided by including those common blocks shown

for MAIN 20 in all model driver routines. >
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Figure 3.2. Utility Input and Component Data (Concl.)
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Figure 3.4. Performance Data Output (Cont.)
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