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[ Abstract] In order to guide the design of the auxiliary cooling system, a steady-state simulation model of the aux-
iliary cooling system forairlinerconsisting of airborne vapor cycle and liquid coolingeylce was developed. The compo-
nent model of compressor, heat exchanger and electronic expansion valve suitable for system simulation was estab-
lished ; the relationships among the the units of the system were analyzed and decoupled, and an appropriate system
solving algorithm is established among. The performance of the system with the variation of refrigerant change was
predicted and analyzed. The analysis results show that the prediction of the auxiliary coolingsystem performance ac-
cords with the theoretical analysis results by the steady-state simulation model of the auxiliary cooling system, and
the model is reliable.

[ Keywords] airliner; auxiliary cooling system; steady-state simulation; model

AWTE i, W 1B B 2 015 Wl 2 B 198 J0
KU HRTE SN LB B B R SRR
PRV 1 R GE AN 28 R AR IR R GEAR 4G & 1 05 5 ik
PV AR, il an , 56 [ 1 F-22 R LR R AR R
FIRAYS 0 2 oA 4G & ) — IR 254 e 4 HEL R

0 5IH

S EDRGE L 0 WL T A IR
IV MTESARG 1 R 5, R B HLRS 95 3517 10
S, BEF % LPERE R R IR T B e 28 14 4

JA B TR R % BIL 28 PR 1 I VA BT AN
ENIES 2/ ONITITNE N ARSIRN TR (AN 2 &2
A SR LT, PR R H AR 4R T, A A B v A
RGBT E yEE
xRN HLI A B L R 52, B 2 e
J IR HLEE T B A HOHA R ORI R, HARGA

58

%5 (ECS/TMS) %1 A-50 (E-3C Fll SU-27 %5 b # %
TR RS0, 322 i DR A A 46 34 38 2501 L
P Hzs R A B v H s R MR E TAE
FRPE o RE T 78 A8 0 R0 WA Ve 20906 B4 20 5 1) Bt B
REHARGE, — Ml ¥ 7 A JLo0 R s H SR s Al
FHYZ BT =8B 2H B, V8 BRI 3 v A AT 12



RASNRITEMRR
Civil Aircraft Design & Research

BITI30 /8 £ 4518 g <

i
=
5]
\

’\ﬁ
=
dr
9&{
&
=
=
=
3

7 Bz G

| R A %

____________________________________

Bl XEENHEBLHNRZEMTEE

Upadhya 25 A" % 7 T+ 25 $R070 %5 2 opL 7 %
B R GEHAT T 2005, 45 R RV R
Ge HATVS HIOR E e /N EL TS AR 240 55 R
Fo RT3 A0 0 A LIRS BR A R e
il b SEI A E T VB RS B Q-p YR RE 4
FIGR A B2 PR IR 9 R~ ot TR & 4L
) DIV H) R 58 B4 40 SR A, R AL GE i S8 )7
VBRI B 7, A LA AR LA B B R S
HFsR, AL AR T R G
Jrt,

R HL B AR B & BL i S B
IR G 5 T & RE0E B 2R G fa A5 IS 47 Rk
P ECRE AL Chang J Y 4 A" i 58 0 35 4%
AT OB B RS R R KB R4
X L TS LT 43 A1 B R Tybrandt ™ BIF5E T ¥
Vo 255 TS )42 11 2 O 22 B0 P B 1 S 0 5 i IS
FER " ZE R B SR b TR R R
JFHEHZS 07 EL, %8 o 52 I 55 36 T 107 2L 7 fg ]
Sk, BRTEHE LY EUR £ LIRS R G 1
FR O T TR A B R B & LU B 3 R Se gl ar
TS B,

ARSCRE B T LR TR A L B v 2 R S
TS 07 BRI XA 80 10y ] S5 P R T IR
e A

HERS G A 1 TR 250 4% BT T B
1, ¥ 7 A BT B T 4 L L F i i I A 4 A
2% PR B B AR A
L1 JRGgiHURR

X F R I % ML B v 20 2 55007 2UH (9 JE 46 0L
R R R LR SR R
TV BERR A9 IC 2R , LA B o At 52 w2 5 P R 1

SHC R R RS
FEZ LA 4 AU B T A (1)

m=54mwg) (1)

Aoep A By B B ke/s s VIR RS

BUEL AR, 300 m/revsf UK, Hfi Sy HZ;

v WG LLEE By mkgsp WIES), B kPas

ab FWARER. flr e REELH, c LFED
B

FEEHLNZR MR S T L (2) R (3)

W, =c+dW, (2)

Wa=ivepo- (C2)[(2)" 1] @
i, e H AL BT, B0 Wi d 48
TNRIR s Ry Z AR EHL fibr oh AR
W EAENLE B — g R 7,
H A R
Q = wbi[e(T,, -T,) +ea(T,, -T,)] (4)
Q, =N, -m,,(h, —h;) (5)
0, =0, (6)
LA, Q, HEAH TR G IE AT T, Z [
AR, Q, S NFRA LA D, S AL A 2 s 3R AR
HAR 0 HIEAHLGEIR SR 5 R I A R e
FEAL TR B BB BURE 2 W o =5. 67 x
10 7% N AR in cout 53135 R4 HLHLAE B9 3E H FUIRES
HEAR

n-1
n

r, =T, (7)
R AL P B 1 ¥4 50 20 A1 7 ¥ O ik A s P
FITERAS I, v i) B T H (8 )

m, = m,_; + M, g + M eeum (8)

b, m, Sy 46 BIL A B 8 R0 G BT s m, ol

VAR AE V2 VRN TR B ) 8 R e, X (9) THER

m,_ g AT I ¥ R BURE, i (10) 31585
T, qecum IR BTV 700 B, P 5C (1) 315

m roil — 1 = U] ( 9 )
1

mrﬁshﬂll = r : Vs/zcll ( 10 )

My, eeum = L . Vaccum ( 11 )

B Uin
A ,s R vl i I AR S T, R
FEAALTEAIRE s P, A BEIETT 5 Vo e s 2%

59



BRECOMAC
BREH 8 F B £ T

201745534 R126H
ISSN 1674-9804 CN 31-1614/V

FH5 Vi RSBS00 11 098 500 L AR
0,0, A7 LRIV AR R
1.2 Hefhasgon
St AT % WL BV £ 28 5 ) 20 9 A
PR TR B ST RIS A 5 AL 5 R
DB, LA R HH 0t A ) 3R eV RE I B L,
AV IR 4 ) T T A R
WP
Ve R o
Qz = zil rh’l,j(h’l,j,[n - hz,,‘,o.u> =
> hF (T = T, (12)
I R ] 7
0 = X iUy = hojs) =
>k F (T = T,) (13)
RERT AT
0, =0 (14)
S, A5 i Q A K AR B F R
AT, T R IR BE , b Sk k8, m oy I 30 055 T
RS K S (1t 84,2 B4, 3 14 ) N
R AB (L ~3) ,r R, LR 5w b
WO BETT , in ik T, out 1, h RG22, ex h
k.
VR R R B A RN
mo= Zilmj = Z;\;lpjl’.fAj (15)
Srf L AR KK 30 BSR4 AR X
AL
1.3 H gk
ot PRI WL B 0 2 5 0 2L 9 v T
T PR RERY | 3 e 5 v O B R B 1
Fo, LUK ) H % W R 55 P R 1 20, R
FAITE L IV 70 TR A 2
BT T IAK 1 55 00 TR 3 A T BT |
L YA R 2338 , BRI AT 2 5 o 1 o T
B H 5 s TATT A, IV 0 1 SR D 4
Wt
h,, = h,, (16)
VR T LR 2R MK 1 A 2Ok
m = CpA /20(piy = Po) (17)
e, m o BRI R €, R TR R G A i
IV TR s, S 7E 168 300 10 56 5 p,, 40 00 31

60

POV ST 5p, RIS 500 T 75 by, R a8 350 30E 1
S s b PR RS (R
2 RGRRGIE
2.1 Py OnR L
X F & A I ISR AR, AR SCR L F &

SIFIIRRR RSk e 2 PR, AkAb TR
R prid

D)

[BzsmtesisnRERL. 2. |
1

¥
| maimsv st

i—

pemmrmrenmaitE|

AERK
A E il
HARR |%ﬁ$ﬁﬂéﬂﬁ§ﬁ§
4
v ﬁgfﬂ
|Emnrsemmmit ] ;

RiEEE?

B2 REFEBERTHEEZE

1) 1B 45312 vl A i 4 390 o o IS VA B 1
P, ZEKET P,

2) LI T 00T 1 H i ik e o

3) VFEVA B P A YA 3R A

4) F VTV B i e ol 4 R0 A A T B R A A
TR, A2, M ABIRS) B0 % P 3 A
HIR3)

5) R KA P A A 7R

6) AL A AL 2 A VA 79 o i

7) FIWG 7 Kz A R0 48 AL o v 7R 5 1 A



RASNRITEMRR
Civil Aircraft Design & Research

#IT30 8 & 45 18 é%ﬁ

RS TRE (E, A 02, WA AL TR 8) I, i
P, HEALIRS)

8 ) HI W7 R 45 AL T i i A S T T K R
R, A, W A BR 9) 5 W, 2 45
H Ve R T R A RR 2)

10) 2 By 7 e 3k $45  TH BE D B ik
(B, #72  H R A 5, 5 ), R e T R RK T,
PR 2) ~10),

2.2 PLERERBYS W R GRIRIL

MR RG T e w7 A ROT S R T
W EANKR G, RGOSR T B T 45 HB 4 2 1R] 1 2%
R TTECORA R MERE . D AR WA
3 R, BB BRINT

1) fE RV RoCye 20V FHRLEE T,

2) VIV B BT, AR BV EIR E A VS B
JCHITRLEE T, 5

3) A YR FT, 15 B VR FROTI R 2R 1
E T .

T GEEET T, 02, a5 2%, &0, 5
ST, EELE2) ~4),

Vit 2425

Y

SOFTin

UV BTG, 8 1A S TE74 1R
X oul

CIRERES

2PN
B3 MBEBALHREERELE

3 BORIn[SEVEYSUE

ARICR B A 1 48 Bl v 11 28 48 1 50 1 552 95 2K
P TR R AT J3E S, s 20 AL A Pl 5 R B 1R
AR o AL 9 T GRS 0 A X e AT 3
7R o

160

BAKRE: 4.8%
THRZE: 0. 1%

140

120 -
80

2
o
&
X 100
i
I
HE

60

40

a0 ® ™ W m @ m
JFUR T AE /g s
(a) JEAFHUBADRS B2 56k

30

mKIRZE: 3.1% -
FBRZE: 02% +5%

25

BRI R SEIAE /g/s

1 6 11 16 pi1 26
JE R A /g
(b) W2 PR 2 S ik
B3 XESMHEREEERIE

M3 rpal LA H SCBRERR A AR B i Y
D AR KIRZ2 M- IR 2255 1 5% LA, 1 RUAG 1
RAf
AT Tz R Z AL B v 20 28 40 14 52 B K dle
ARICR R 3 B S0 A7 XA B m S A T 9
G RERE Bl i v 1) ST T St i 2k P 4
(a) Bz e B AT LU i, 2 GEREFERE A il 14 77
FELER AN — BT . X2 i T R e
61



BECOMAC
c ERAMEFAET

201745534 R126H
ISSN 1674-9804 CN 31-1614/V

S A TR £ ¥4 R g T v L Ve R0 R I A 3
T, AT S B0 48 ML BERE S N, R A REAERE 2
A

2.0x10°
1.9x10° |- .

1.8x10°

1.7x10° e

1.6x10°

RYAEFE /W

1.5x10° - T

1.4x10°F =7

1 1 1 L 1 1
8.0x10° 1.0x10° 1.2x10° 1.4x10° 1.6x10° 1.8x10°

AR ER /g
(a) Ve e A RGREFER LR

3.4r
321 / N

30F

RYLREA EER
| ]

26} .

8.0x10° 1.0x10° 1.2x10° 1.4x10° 1.6x10° 1.8x10°

e FIFEIER /g

(b) ¥ 5 FETE X 2R G RE A 52 )
4 RESYMHLFIFEENTL L

RGHER EER Fifi il ¥4 39 70 7 & 19 A8 1k il 28
SN 4(b) iR, WA LLE 1, R 56
SR S RE I VR aee: NS B ) W1 ve: ) D =R AN
e T RGAFAEHRAL T 5, S0 & It T iE
W, RS RE RS PR, SR BT B S B 1)
R

A3 HR] LA BRI T 2R G REAE AT RERL
EER ()i ERSF A B /T 25 e BRI ¢
4 gL

1) AR SCHES T R I K LA B 20 5 48 19 3B 14
15 B ] R G0R AR B, BB O R SRR 5B 1T
PERE ;

2) A SCHE RIS T & AU Bh R H R gt e AR 1k
62

TR BNRT & BE A4 2R SR Al 5E

2% 3k :

(1] mle, BT, miEaescHIUPE R RZELT]. db
FAAS LR K], 2009 (11) ; 1353 - 1356.

[2] Steinberg D S. Cooling techniques for electronic equipment
[J]. New York, Wiley-Interscience, 1980; 387.

[3IRFF, THC LRI A5 L 7B (087 R %
WERG MBI ] P AU T R BBk, 2005, 37
(2): 203 -207.

[4]47HaL1, FF4ber, BE/INKE, %5 BT Matlab F97RIAL A
RS IET]. e TREERE, 2015, 6(2) : 189
- 194.

[5] Im Sprouse. F-22 environmental control System/thermal
management fluid transport optimization [ R]. SAE Paper, 2000
-01 -2266, 2000.

[6] Ghanekar M. Vapor cycle system for the F-22 raptor[ R].
SAE Technical Paper, 2000.

[7] Ashford R, Brown S. F-22 Environmental Control System/
Thermal Management System ( ECS/TMS) Flight Test Program-
Downloadable Constants, an Innovative Approach [ R]. SAE
Technical Paper, 2000.

[8] Baird D, Ferentinos J. Application of MIL-C-87252 in F-
22 liquid cooling system[ R]. SAE Technical Paper, 1998.

[9] Lui C W, Lee C K, Schwan E. Integrated Environmental
Control System and Liquid Cooling System for F/A-18 E/F Air-
craft{ R]. SAE Technical Paper, 1995.

[10] Upadhya G, Munch M, Zhou P, et al. Micro-scale liquid
cooling system for high heat flux processor cooling applications
[ C ]//Semiconductor Thermal Measurement and Management
Symposium, 2006 IEEE Twenty-Second Annual IEEE. IEEE,
2006 116 —119.

[LL]FRER, PMELL, skPBRE, 55 PLEZE SO A R 5t
PrEMFFELT]. MRS LR R 2244k, 2016, 48(3) @ 389
-395.

[12] Chang J Y, Park HS, Jo J I, et al. A system design of
liquid cooling computer based on the micro cooling technology
[ C]//Thermal and Thermomechanical Phenomena in Electron-
ics Systems, 2006. ITHERMO06. The Tenth Intersociety Confer-
ence on. IEEE, 2006 157 - 160.

[13] Tybrandt O. Distribution of cooling to avionics[ J]. 2012.
[14] FEDNG, £R. BETHRERN CHLES RGHS R
K E[T]. RGATH R, 2004, 16(4) : 714 ~716.

[15] THR, K& $heasi i mnsuaeim]. de
ARk R, 2001

(16 JAMEAR AT, T B R, R, g . — )™ il Biodle 52



RASNRITEMRR
Civil Aircraft Design & Research

#IT30 8 & 45 18 g <

HAREREAPIBIR AL [T ], % 441, 2015,36 (03)
73 -78.

[17] Li W. Simplified steady-state modeling for variable speed
compressor| J ]. Applied thermal engineering, 2013, 50 (1) :
318 —326.

(18] AREEGHT, T H R, 8P, 8. T XU H 8 1 1 il
AR R B SRR [ T ] R AR HLAR, 2011,39(09) - 75
-77.

[19] PGSR, 1T, 228008, 55, 456 F P BdR Y 2 R8s
FOFEMELT]. SRR, 2014, 34(4) . 31 -37.

fEZ &I

HiEFE F.L ek . LML TE:HARL
A AR R B B R A4 #, Tel: 021 — 34207062, E-mail ;
huhaitao2001 @ sjtu. edu. cn

63





