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A Study on Modeling Program Development of an
Environmental Control System

Young-Joon Yoo* - Hyung-Ju Lee* - Seong-Hee Kho** - Ja-Young Ki**

ABSTRACT

A modeling and simulation program for an environmental control system (ECS) of a pod installed
under wings of an aircraft was developed in order to estimate the system’s performance during a
flight. First, through the system configuration analysis in the main operational condition of the aircraft
system, an ECS configuration adopting an air cycle machine (ACM) was selected. Therefore the
modeling program was developed to simulate the ECS with an ACM. Second, the sensitivity analyses
on performance variation of main components were conducted to complete the conceptual design of
the ECS. A design point for the system and its components was obtained through the analysis with
the modeling and simulation program. The design point for the system and components was obtained
through the analysis with the modeling and simulation program. Third, in order to study the
feasibility of the ECS configuration, off-design performances of the ECS on various flight conditions,
such as take off, maneuver, cruise and landing etc were estimated. Dynamic characteristics were
analyzed by transient performance evaluations.
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Fig. 1 Distribution of Temperatures vs. Pressures of the
System Inlet

Fig. 2 Distribution of the Inlet Pressures vs. Pressure
Ratios Between the Inlet and the Outlet
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Table 1. System Requirement at the Design Condition

Te/ Tet 0.88
ECS Pt/ Pres 0.16
Pr/Prret 0.54

Chamber Tou[ C] 80
(Avionics Bay) Cooling Capacity[kW]| 1.5
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Fig. 3 The Schematic Diagram of the
Environmental Control System
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Table 2. Design Point Performance of the
Environmental Control System
PR 1.7
Compressor EFF 073
ACM PR 3.73
Turbine EFT 075

Heat Exchangerl

(Air to Coolant)
Heat Exchanger2

(Air to Air)

Effectiveness 0.87

Effectiveness 0.75
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Table 3. The Summary of Modeling Results

Items Contents
Program DP5xM5.0
Cooling capacity 1.5 kW
Heat Performance
exchangerl | map data HFMV3.0
Heat Performance HAMV3.0
exchanger2 | map data
Performance
Main Compressor map data CPMV21
components . Performance
Turbine map data TPMV2.1
Control Flow function
valve
Ducting Length and
system diameter
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(a) Air to Coolant Heat Exchanger(HFMV3.0)

(b) Air to Air Heat Exchanger(HAMV3.0)
Fig. 5 Heat Exchanger Performance Map
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(b) Turbine (TPMV2.1)
Fig. 6 Air Cycle Machine Performance Map
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Table 4. Components Performance Variation

Component| Parameter Performance
p variation
HX1 Heat flow rate -12%~13%
HX2 Effectiveness -10%~10%
Compressor| Efficiency -10%~10%
Turbine Efficiency -129%~13%
50%
Sensitivity as to components performance 2
8 —4—HX1Heat Flow Rate
~—HX2 Effectiveness
Compressor Efficiency
——Turbine Efficiency
Component performance(%) .

-15% -10% -5%
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Table 5. Performance Analysis Results at Design Point

Exit temperature
Items Design | Modeling | Error
point result
HX1 126 128 1.6%
HX2 220 212 3.6%
Compressor 266 259 2.6%
Turbine 30 30 0.0%
Avioa Bay)| 80 8053 | 0.7%
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Fig. 8 Design Point Performance Analysis Result
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Table 6. Off Design Conditions
s
Standard Day Cold Day Hot Day
Conditions [ T,/ P/ Pr/ | Conditions [ T, P/ Pr/ | Conditions [ T, P/ Pr/ L
T | P | Pre Tt | P | Pru T | Pre | Pre o
CASE- CASE- CASE-
sor | 044 |07 |32 | “L0F |02 s |02 | Co0F 053 | 087 | 032 °
Cost ] oan | os 037 [ CA5E | oas | osa |03 [ HF | ost | 0e2 | 038 £ =
C;%E' 049 | 0.54 | 0.52 (E\;f 0.27 | 0.48 | 0.47 ngf’ 0.66 | 0.61 [ 0.58 g i
CASE- CASE- CASE- £
sor | 056 [ 031 oes | CG0 | 031 | 020 | o2 | CHUE | 067 | 032 | 067 )
CASE- CASE- CASE-
o5 | 060 | 023 |oes | o0 020 [ 023 |omo [ CL0 Lot | 024 | 072 .
CASE- CASE- CASE-
sos | 070 | 0as | 078 | “L0E | 037 [oad | oso [ S0 | 085 | 020 | 0ss . .
(:;f' 0.76 | 0.20 | 0.81 (é:f 0.41 | 015 | 0.61 (‘I’{“‘?E' 0.91 | 022 | 0.88 -10
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sos | 081|022 |00 | “L0 | oas |07 |oes [ S0l | 097 [ 024 | 008 . : ; ; i : : ; : , o o L
Cost L ost | 032 [oo2 [ A5 | oas | 033 | 0oa [ SH5 | 094 | 034 | 097 ChSE
OO L oza | oso [ o7s | A% o7 | oso | oes | 5 [ 095 | 10 | 084 Fig. 11 Modeling Results in Hot Day Condition
(ille 0.51 | 0.95 | 0.43 ((‘\:IE 020 | 093 | 0.42 CgflE 0.62 | 0.96 | 0.43
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. Table 7. Virtual Flight Profiles
e Time[sec] Case :E{f II;tr{f II;Z f
e 0 CASE-S09 | 0.81 0.32 0.92
. 0 1 2 3 4 5 6 cnse 7 8 9 10 1 12 10 CASE_SOg 0.81 032 0'92
Fig. 9 Modeling Resuilts in Standard Day Condition 12 CASE-S10 | 074 | 089 | 0.75
14 CASE-S11 | 0.51 0.95 0.43

- chamber (Cold Day) 16 | CASESI2| 048 | 1 | 035
- } ,,,,,,,, bmit 18  |CASE-H10| 0.95 1 0.84
i | o 20 CASE-H10| 0.95 1 0.84
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Fig. 10 Modeling Results in Cold Day Condition
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Fig. 12 Transient Performance Analysis Results
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