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Design Verification of Environmental Control System

by Flow Balance Test
Dong-Myung Park*, Yong-In Joung*, Woo-Yong Moon* and Sung-Sun Park**

ABSTRACT

In this study, we analyzed the system impedance of Unmanned Aerial Vehicle avionics
bay and Environmental Control System(ECS), and estimated the proper air flow rate to be
supplied avionics equipments. As the result of estimation, we evaluated the performance of
ECS after analysing the flow balance rate and the air flow rate about each outlet port, and
simultaneously decided the flow balance rate after evaluating the thermal substantiality by
the thermal analysis of avionics bay. In order to verify the property of analysis result, we
conducted the flow balance test using the actual avionics equipments and finally deduced
the flow rate to be met system requirements of avionics equipments. Also, as the analysis
results, we verified the satisfaction of system requirements at midium altitude condition
and proved the performance characteristics of an Environmental Control System(ECS).
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Fig. 2. ECS schematic diagram
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Table 1. Requirement of supply air mass EX(g)= %?J_z‘s}l:}:r_ IRAE 4 gJorm=za E
flow rate at Com.#1/Com.#27#3 FHEA(AP)S 2 @) 2o] Z+ Al=Ee] ¢

EEEER s

Unit 20C -20C
AP=APpppt AP+ APyy 4)
Com.#1
>0.07482kg/min | =0.03629kg/min v
Com.#2~#3

Fig. 3. Structure of heat exchanger assembly
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Fig. 5. Operating point of bay #2

Table 2. Requirement of flow balance at
Com.#1/Com.#2~#3

Input Flow Balance

Com.#1:

Air  Flow Rate | =45%
Normal | : 14.41m%min+5% Com.#2:
Case | Air Temp. =6.0%
: Room Temp. Com.#3:
>6.0%
Com.#1:
Air  Flow Rate >45%
EBS : 5.95m°/min+5% Com.#2:
Case Air Temp. >6.0%
: Room Temp. Com.#3:
>6.0%

» EBS @ Emergency Back-up Subsystem
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Fig. 7. CFD model of bay #2

Table 3. Boundary condition of CFD

Conaion | (0m tovey | PO
Teﬁﬁngzlrealzltjre 43¢ 40T
Flow Rate | 14.41m*min | 15.35m%min
Heat Load 1.12kW 2.32kW

Table 4. Monitoring point of CFD

Monitoring Point

Above
Com.#3

Above
Com.#2

Above
Com.#1

T, EalMe AEES 2
H|(Aspect Ratio)E 1022 A3t Y
1,000,000/ & A3ty 283, Table 49 2
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Fig. 9. Temperature field in ground
condition

Table 5. Result of thermal analysis
in ground condition

Monitoring | Above Above Above
Point Com.#1 | Com.#2 | Com.#3
Analysis o1 | a9ac | a92c
Result

— Com.1
— Com.2

i
i — Com.3

/S0 0 10 1BE 1SE A7SE} 203 2253 2583 276} 30E3 3B} ASED  OTSED  AOF
Rerton

Fig. 10. Result of steady state analysis
in flight condition

-—

& Com.#2~#3 Com.#1
deg

Fig. 11. Temperature field in flight condition

Table 6. Result of thermal analysis in
flight condition

Monitoring Above Above Above
Point Com.#1 Com.#2 Com.#3
Analysi
navsIs lysoc | 198C | 175C
Result

Hlgf 870 gk F/HdH 34 (Steady

State Analysis)S 53] ddulole] AP S
BAsgon, 1 A3+ Fig. 10~113 Table 63}
2o, vy ANA FHAFH FH 2m7}
20CE 2934 &Fos & T Uk

11(a)/11(b), Fig. 129} Zo] HAl <&
FRYE, AGH 58 o] &3t FHIHL
H, AP Z3A U Ad=E TV
A3 AZE AAMe AugSs AA HE&3Ah
ANPe P82 (Normal Case)Z Bl
ZA(EBS Case)oll tisll =233 S tH6][7].

3

Fig. 11(a). Schematic diagram of flow balance
test(1) in normal case
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Schematic diagram of flow
balance test(2) in normal
case

Fig. 12. Schematic diagram of flow
balance test in EBS case
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Fig. 13. Pressure drop in normal case

Table 7. Flow rate in normal case

Supply Air ) Measuring
Requirements
Flow Rate d Data
H#1:>45% 1%
14.69m%min | O™ 5 6
(14.41m%min | Com.#2:>6.0% 6.4%
+5%) ]
Com.#3:>6.0% 6.1%
1
gu.s /
Fos
5 04
5 / —s—Com.#1
é 82 " g —— Com.#2
=8 Com.#3
] ]
0 5 10 15
Supply Air Flow Rate(m?/min)
Fig. 14. Flow rate in normal case
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Fig. 15. Pressure drop in EBS case
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Table 8. Flow rate in EBS case
Supply Air . Measuring
Requirements
Flow Rate d Data
6.10m%min | Com.#1:>45% 7.8%
(5.95m%min | Com.#2:>6.0% 8.4%
+5%) Com.#3:>6.0% 6.2%
0.5
:
E 0.4
7
; 0.3
g
; 02
;ui Com.#1
'; 0.1 —4—Com.§2
o
e —8— Com.H#3
U } - - T T
0 1 2 3 4 5 6
Supply Air Flow Rate(m?/min)
Fig. 16. Flow rate in EBS case
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Fig. 17. Requirement satisfaction at flight

altitude in normal case
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Fig. 18. Requirement satisfaction at

flight altitude in EBS case
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