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ABSTRACT: Environmental control system is adopted to control the thermal load from the avion
ic equipment in the reconnaissance pod which is mounted under a fighter aircraft, undergoing large
and rapid environmental changes with the variations of flight altitude and velocity. In this study,
an environmental control system was designed and built by adopting vapor compression cycle using
R-124. The cooling performance characteristics of the system were measured varying operating
parameters: thermal load in the pod, air mass flow rate through evaporator, condenser inlet air tem-
perature, and air mass flow rate through condenser. The effects of the experimental parameters
on the system performance were analyzed based on the experimental results. The problems on the
designed system were also analyzed and the solutions were suggested to improve system efficiency
and to obtain stable operation.

Key words: Environmental control system($7 Aol Al2#]), Vapor compression cycle(%7] S5
Alel &), Avionic equipment(3-E42-41)), Reconnaissance pod(H & X =)
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Fig. 1 Schematic diagram of reconnaissance pod.
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Table 1 Experimental parameter and range

No Parameter Range

1 Thermal load 1,466~2710 W

Air mass flow rate
2 LY P .
- through evaporator 430~884g/s
3 C.ondenser inlet ~13.0~520 C
air temperature
4 Air mass flow rate 518~4310 g/s

through condenser
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Fig. 2 Schematic diagram of experimental setup.

1,270 RPM o] 4]

Wrls R-1242 A4son,

(polyol ester) AQe] SW3RE FYsHct

10.58 m*/ho] t}.
BE 8= POE

n’@:&

)

v ods 470 16mme) A Bgun

{electronic expansion valve)

2 AHa
2 s 3

slodem, 44

24T 2R FELAoR 50048 7x AEr}
ZAHAY F97)9 2= A%E WA du
#8718 gHgdon, A4#%E 943 7.0mmel
vhol 22 9 (micro—fin) #& &34 n IgA
A3 (fin pitch)E l4mmelty, Wujrle)E F 8
9o eE 4 4Eg Fig 29 2o A

on, e
APT 100 DF

ADE 02T WFELAT
el At %

Aahein,

dojgteel AZe BUE 205%2 OAY @

AAE AEsded, dnfEe F4& Y
T +0.2%¢] A #H#FA(Coriolis type)E AFHE-3}

wT oo
>
o
i
-4
o

Mo >
=

)

it
2
e

o o
2
L2
Jo
W
i)

N

of) Iﬂ;

o
offf =
N,
N
s

o
-4

oX,
o
L)
32,
) Ho

7tE71E d4gHe A

A
I 2

r U oy
. e
o

At
o &
°
S Ho od
AN
fo
o

&
e
of)
154
~
off
&
i
3

w2
ok 2
¥R
L
w5
&
T
11

ger

>
Jron
_QL
o,
o
oy =

it
bt -
I+

Rt
o ko

X, i

0.15Te] 344

dAE AR &AY. £3, TH
a

<

vortex flow meter)& ©]

e
do
2

b T

oot S

i ggmlm
8
:‘OJ}
ol
s



FEARPE BAACINLDY YA B AYH AT 523

A 202%0|th. YR dE3 e s A
o YT Welyd, $%7] ZEHAAMY 2
% 183y HEE 3 &4 £ dFHER
o] EAELY] wEel 7tErIRe A g A
S=2E A3 ¢ F Yok gEyps Fdr2 9
7tH e @R ()2 9 Az 2 ong,
283 FE) YET 2EAE T AT 2
o] Aitstsdch

Q = mair,evap X Cp,aiT X (T’z air To,air) (1)

S22 37 ZARE $E7|2 Edse 3V
o] AFFFY JFLEE BAS] AF Rom
A, 57 4T TUEE F2Ae 2TA
£ B3 zddgoed, 57 4T FHES
F4437) 2HY gASE ANHE 59 =4
st §57] ¥ - &7 AEE 2015TC9 3
A4 Pt 100 Q9 Z2AFAE A sF. F7)
#2e w2ylon 2qsgon, H8 w29
AL 70.0mmelt), B AFAA o= ole =2
o] FatEo} "o wi} At s S
on, 2499t 35~41.0m/mino|t}. =ZAF2
et OA" AGAE AL g o, AdEs
=4z £03 %0t}

-3

>
o%
=2
f:
ot olo
%A,
o,
ol
e
T
=
k1
e
ox
O
e
i)
tilo

b1 ¥

dtgod, WAz 700g 2L #HAWB )
34%(ratio of EEV actual opening to the full
opening) &7 HAE L Heh At

X= 59 gRste wE A% WsE 13
8t7] fgte, 7 FURH Hals, 7] F
71 160g/s, 1813 57 $72%= BT
A4 zAdA ERsE HIEATIEA AT
A& ’“%?‘5}211‘%. Fig. 32 443tel w& 457
? EZ ¥ 9 k&g WHEE YEd
e HE -ro}
EE ¢Hol
cEF FUE A

ek m“ -HN' e

i
A
N
ot 1
o jinc ol

T

+
30
o
=

=

1400 T T T T T T 10

1200 +

Pressure (kPa)

© Discharge pressure
O Suction pressure

A Compression ratio T
1000 | P
=
s B
800 c
2
__________ P G )
60g F A —————=—————— 2
00 . 8
£
400 | E
, ©

200F o = - g

o . . . . . . o
1400 1600 1800 2000 2200 2400 2600 2800
Thermal load (W)

Fig. 3 Variations of compressor pressure and com-—

W 43el gro 457 EEUdY 453
of FYYRG A et o W FEuE
e ARE dehhAR, e 9
@ gEHe 45Ee U 43S ¢ 5 Yok

Aystsl A He $ Q- E7 31
Y

7t

1

(o]

N
fd

-

to o o flr e ofx off 41 B

N
o ofN

Air temperature (°C)

Fig.

2
X

qu‘ r}o m3
&
32,
a4 o
B

off 1
N,
i

pression ratio with thermal load.

KR
ke s Flg 40 YeEp ATt &
Fap7h SrketA Hw SR - F

%E'}t FestA "=, S EFLE
I

olN
.
N
oy = I
o

— 2 £ rjo
oy N, oo b

5 2
o
ol
i
T
v
rir
2
-
ro
f1
Lo
o
i

o

O Evap. outlet temp.
60| 0 Evap. inlef temp.
A Air temp. difference

10 . . . , . .
1400 1600 1800 2000 2200 2400 2600 2800
Thermal load (W)

4 Variation of evaporator air temperature
with thermal load.



%ﬂ
o
ol
i)

z

i3
otk
e
°
oo
2
i}

L

80
O Evap. outlettemp.
wE 0 Evap. iniettemp,
| & Airtemp. difference

s
~ eol
g -
= 50 .
I S T
g g ]
g' wf ]
)
1]
= af ]
< \&:
b B
1

36 4‘0 50 80 ?’0 éU 90
Air mass flow rate through evap. (g/s)

Fig. 5 Varnation of air temperature with evapo-

rator air mass flow rate.

TN EF R Q7eEE 474 2050W, 160g/s
8 3B TR dASHA FAANEM T8 F71HF

Fo| Wsto] mE HeA¥E sAHR. Fig. 5
B YY) ¥R %e dsel mE 327 9

EToAM e F7IeE HEE JEdh. FE7E
FaEE w719 @i F@sitar Hd
12 ke d%-de A3 dite, Aol
2 9E, 2 3 YRS TFE YEAeE
o A58 = A9 wsy F &S

2 dlo

fioads
& F Aok gUIFF o o
2T 2EA 57}6} 3, TR
]%Et ﬂ 4ﬂ

o2 gads Aoz P4 9

£e nxdd $Ade 49, FU8 %

o
WA flo Borlr X4y pE b

> 5

g

lo &t
£

i)

o K

o 9

o &

¥

e

"‘!O hand
Fae 5

%>§

32 o i

i)

oy P
o p& ofy ME

g - HEF - Agw - 4R 2 F &

2000

Discharge Pressure
Suction Pressure

oo

1500

1000 +

Pressure (kPa)

500 1

M & o

[ —

1;}0 2(‘)0 3;]0 460

Air mass flow rate through cond. (gfs)

Fig. 6 Variation of compressor pressure with con-
denser air mass flow rate.

22712 3t 37 FEe
gz we & Folst
Hegdoldes gl Hgdsn
%ﬂﬂ Agga 2ol7t Wi$ ZA LAE
= B dREE 2050 W, T2/ 374
g/s, 1@lx &7 4T 7] Z
AAFIAA 275 FdEs T19
HEAZIEN Aedds AANSEh
14 dste mE ¢4E7] FY 2 E
N8tg Fig. 60 vebideh $&7] F
9] 7t }E $E25Y HFoR Y57 E
AUdHol AAge ¢ 4 god, I

EEqae watEe FUAGERT I

”*@ﬂm

(B ol e

S
N

oz 46 Bl b T

g
Elol-

2

=y

R oo My o M oo o o o B OE

Ulﬂ

jineA
o,
i)
Bt
o
W

fl
of¥
i)
e
L
ffo
il
\

TZEs
fael Zrksh WA daHE & 5 3
of W, g¥s W FW FAHFE ¢
WE %7 QBT LEAE ¢

=
S

Fo) AR gﬂ&q e EE U
‘g &

NN # N A
obf 7

fo 2o

RE Ha 17171 R R
LG8 oA X E AlolE

HEA S Wy} ujg Hew, ofd m}

ofN Rt v Ay 1k o o o okl Ok 32 My B
1o
H
ro
,;&
m?.

2



FERAANG BAAC A 2] YAEA

70 T T T

T

O Evap. outlet temp.
0O  Evap. inlet temp.
A Mean air temp.

60F

Air Temperature (°C)

20

10 L L L L L " L
50 100 150 200 250 300 350 400 450

Air mass flow rate through cond. (g/s)

Fig. 7 Variation of air temperature with con-
denser air mass flow rate.

1600 T T T T T T T 6

1500 b O Discharge Pressure
O  Suction Pressure 5
A Compression Ratio

1200 |

1000 |
800 3

600

Pressure (kPa)
Compression ratio

400

1
200 |

0 " L L L L n L 0
-20 -10 [ 10 20 30 40 50 60

Cond. inlet air temperature (°C)

Fig. 8 Variations of compressor pressure and
compression ratio with condenser inlet
air temperature.

2
2L
5
X,
R
=)
o

b
N
E
ot
—
x
<
i)
.
12
ro

N
)
o
R
ole
=]
)

d
ol
N
of — A dz 0 of M JE -

me oco Mook 41 Mo odm |y

i
tlo
I
—
w
3
2
>
o
el
3
)
N,
&
b
>
A
e
2
oX,

£ 2

LAY

e
=
it
e
2
ra
-

525

70 T T T T T T T

O Evap. outlet temp.
O Evap. inlet temp.

Air temperature (°C)

Cond. inlet air temperature (°c)

Fig. 9 Variation of air temperature with con-
denser inlet air temperature.

go] sgel BEgEel gat YoePe 7
a9 W 4E7) FAYEE BaTE 4 £ 9
ool W, B2 gaFel FAYHRY 2

7] W&o, 4FE 52Tl 5
AT 2% -13 Tl = &EH 234714 F42TE
o4 = 9.

57 47l 2

>
S
°
S
=

sl we 387 4 -
E7ddel B71eE WEE Fig 99 tehigl
o §%7] QPN BrLmsl 52 CAA o}
7‘<j1

)

g, F97] Esere gas Fv &7

i % =
b1
b
o
N
o
2

3 e o oA o
sy ERed % Qree B9ss] wEol
- 2T FALEAE AReA fAHH, on
2o Uy BRLRd 4A2 WA4S FHS
GERdTh AW, 9718k 0T B2 ol
e ze7 4 - &7 3759 35 @
W7ol 2ade & & A o AFun
AF G Faol WE YuieBF Faw
FuAdl e HaGel Frrsslr) WEoln,

A% ARH YA

weA) dal olste =4
gug PNE $EUH

.0

Pressure Regulator)®] A€& &3 S$&%Hol
HEdA ZiEE AL WAFAY, F3EE o
gua AL S7ARLEA H2ME YuE
gs Fuds wetd Uik HEV 23 Ao

2 g

B AT e 328 @A A2



526 R RS R R
o 2RMgo] e YA st #d 49
A dre FARdeH, OGS 2 2Ee @
At

Q) W7 G5st S7hek @A FL7 Q- &
Tro 2R} BF TS & & e,
TL7 ATEY] xS WL 7R W3
oy 2A eyt

@) L& THete §7] AFHTFA Aol
e 7 FTM BIIERS FEZo] W
e € T ANen, ole WAYTY Fag
HER A wEtA 22 amd widlzdes #
1A= gad mE WAY Aag LA
Fste] $371 g Aojeh e ko) Hgo
Aa%s 4+ AU

g ol glE WSS Aol o u1u1

T .
@ $37) 473719 Lxt Bagel wat
F& AT, dRe
wolgtel e WrledF) gas WAyse) 7t
o

o RLS
ANzde] JsEY WHE HotF £ Ao,
FFole 45 9 AAYE FHstE A Ao
TE #F FUHHQ] ATV 2o eow #

. Price, D.C., 2003, Thermal management of

military fighter aircraft electro-optics pod, 10th
IEEE SEMI-THERM symposium, pp. 341-350.

. Grabow, R. M. and Kazan, T. ]J., 1996, Design of

a ram air driven air cycle cooling system for
fighter aircraft pods, 31st AIAA Thermophysics
Conference, AIAA 96-1907.

. Godecker, W.]., Lentz, J.C., Parme, C.B,

Wigmore, D.B. and Winans, K. B., 1992, Vapor
cycle system for a fighter aircraft-The Lantim
ECU lessons learned, 22nd International Confe-
rence on Environmental Systems, SAE 921184.

. Nagatomo, S., 1998, Positive displacement com-

pressor technology for air conditioners, Transa-
ctions of the JSRAE, Vol. 15, No. 4, pp. 305-326.

. Han, D. and Kwon, H., 1999, Zone temp-— era-

ture control of the multi-type heat pump sys-—
tem, Proceedings of the SAREK, pp. 611-616.

. Outtagarts, A., 1997, The transient response of

an evaporator feed through an electronic ex-
pansion valve, Int. J. of Energy Research, Vol.
21, pp. 793-807.

. ASHARE Standard 51-75, 1975, Laboratory

methods of testing fans for rating.

. MIL-HDBK-310, 1997, Global climatic data for

developing military products.



