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Improvement and Performance Analysis of Environmental Control System of
Transport Aircraft

LI Kaining, LU Qihang, WU Yan, ZHANG Dalin
(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract:In order to eliminate the pollution of lubricating oil vapor in engine compressor air bleed to cabin air
supply and its impact on the operation of air dynamic pressure bearings, and improve the cabin air supply
quality of a certain type of transport aircraft, a centrifugal compressor driven by a power turbine is proposed to
replace the engine compressor as the pressurized air source. On the basis of improving the temperature control
path of the air cycle system, a new environmental control system is formed with the centrifugal compressor as
the pressurized air source. The performance calculation method of the new environmental control system is
given, and its performance is calculated within the flight envelope. The calculation results show that the outlet
air parameters of the new environmental control system meet the requirements of the transport aircraft for the
environmental control system. In the hot weather, the new system can save at least 10.3% of the engine air
bleed flow compared with the original system. In other weather conditions, the engine air bleed flow can be
greatly saved, even more than 60%. The research shows that the new environmental control system can
adapt to the change of cabin thermal load to reasonably use the engine air bleed flow, and reduce the engine
power consumption of the environmental control system.

Key words: power turbine; air cycle system; pressurized air source; airborne equipment; performance

analysis
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Fig.2 Schematic diagram of air cycle system driven by power turbine
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Table 1 Calculation results of system parameter match-

ing under different C1 outlet pressures

e W/kW G/(kgh') G./(kgh'') 4/C 1,/C

3.40 88.2 1690 1852 74 295
3.60 99.9 1813 2097 6.1 28.0
3.80 112.0 1935 2352 4.8  26.7

TE e AR RN CII R I s G Fom i i 5 G Rm & 3h
PG AEE 5 2, R R I GREE 52, FRR AR IR

M2 1 A] LA 3 1 i 8 i B (G 38 i 2
w1 CL R ) A (G il v 5030 e i At ke
E ), A AR G0 R B RE R I T, BGE TR R
FPIEE Ol GG AR  d n] LS Bl TR 2
AR A B R UL
3.2 MTKRET RS RS

K2 A RAKAMT A =00 R
1560 kg/h B, CAT LR P JEE i N 20 58 2 BRI HE S
SR . RGBT RGEMERETT B 7%, X R GEH H
A2 BRI B L AL CL Ry 1E RE S Btk 47 31
B, O A BT A A B A5 O X B O B
2SRRGB TIRE AT 20, O A AR GE
TR LS

%2 REE AR E N MR R SR
Table 2 Cabin pressure, cabin temperature and air sup-

ply temperature corresponding to different alti-

tudes
H/ /p ISA+25CISA+15°C ISA ISA—23°C
p../Pa
km 7 t./°C ¢,/°C ¢.,/°C 1/C 1,/°C 1,/C 1,/C 1,/C

90000 28 3.5 28 7.3 24 114 24 434
80000 28 4.6 28 11.6 24 156 24 426
80000 28 7.6 28 153 24 19.1 24 424
80000 28 10.5 26 15.8 24 22.7 24 46.3
80000 28 13.5 24 16.3 24 264 24 478
80000 28 18.6 24 19.9 24 30.0 24 539
80000 28 19.5 24 242 24 343 24 577
74800 28 224 24 285 24 386 24 61.0

0 NN O Ul W N

TE o, RN ML T o

B10 AR RAAMET LR HLCT N H
ZHRBE AT R AR . R R LUR Y, R
1 P BARAZ g B R DL R B AT e BE A B T, X
IS B C1HR 1T g 320 3 A A 22 S0 6 2 e e s g 222
Koo B PR R PR R R S T IR



%2

FULTAF AR R R HLER P R G ek R RE 3 B 223

A IS B TR IR A ] IR 32 18 445 R R B Al Bl 2 s
ZIN i B TR E R i b T T A I B A I K
VORI B/ o ol B v, ¥ i B 11 ) RN ik
LU R, S BOH i 8RB 0 B AR, 5 A Y 55 I )

SR AR E LR =
600 hapers 1%
g L oc%
-u- IS, 5 C:
500 :.EISAES C 200
400 1150
g 0
3007 100 =
200 150
100} 10

K10 RIERAT C1 A S8 AT e B2 (LA
Fig.10 Changes of compressor C1 outlet parameters with

flight altitude under different weather conditions

B EAHL CLE R g s T RS LB #E Ih
HOREHSWBEGTMEES . ME TR ENT
KR SRR B TR C LAY ISR ) A1
Ho 0 7 5 e b B v R A AR b B EOR T E 11
h C1IY LB AT BE A A8 P g SR . 78 ISA+
25 CHRREZMT, AT BELASkm LT R ILBEE
KATHE T RETh B . 78 ISA—23°C¥ K&
T KA B A, 76 T AL AR G TR o R R AR
BRI, C1 Y e bt Bl € AT 5 B AR R

5¢F

—=-ISA+25 °C
+ ISA+15°C

4t ——ISA
—~+ISA-23°C

3

5

2F

1 -

0

o 1 2 3 4 5 6 7 8 9
H/km
FILL 30 R AL C i T B G B o 2 A8 AL ]
Fig.11 Graph of the pressure ratio of centrifugal compres-

sor C1 with flight altitude

HIFEARFRAFMT , IT L N8 i
KB B0 L CLETIHFE R A s HL 5] <, 1] 12
25 1T R RAT AR IR SR R S LR LG R
AR 2 IS S5 45 B9 3 1 iR R RS O TR
AHLCL A 2 AL i 3 (4~8) AT 580 4 R OBL
FE I BTt B Bl iR R A B R S AL U

1500r 1300
1250F o . . Tt .. 1250
A A, —y
t’/‘*\*g*\* w"’”"A"""—A,,,,,A
1000} \< I
< " =R B RS
5 . —A— bR RS @)
750F TRRIAED 1150 2
\Qf. o S *:*géiiﬁiﬁ%& ~
e i e v ..
500k S - SIRGERIE A 100
____________ = =
250} " 150
0 : 0
0 2 4 6 8 10
H/km

K12 KPR A 2 S
Fig.12 Engine bleed air parameters

Bl 13 M AR RS T sh T 5 T #E 1 & 2
BLGI A BE CAT AR AR IR o 5 45 R 3R A AR
JERHLEAS IR BR SR T, B iR e T AR 1Y
ZHHLEI BB T 1560 kg/h, 78 ISA+15 °C |
ISA FIISA—23 CH AT B = RGEHFE R K 5
BLF I B /N TR R 48, J0 R ISA RAEAMF,
KBy = E T AL 60% DL L

2 000
T
M T
gl 000 | —e. §
500F T DN o .k TmISARSC
© ISA+15°C
TN
v ISA-23°C
0 i i L = BRGSIRE
o 1 2 3 4 5 6 7 8 9
H/km

F13 g i i #e T R (GORE A2 AL
Fig.13 Graph of power turbine exhaust air consumption

with flight altitude

DL SR B OR FH T IR 4 3R 48 T LAilG 2
KM PR R G 1Y WO BRI AR B YT 44 & S HL
SIS > KWL R FE .

14 Ay e T R AT il v R A B, 550 9 1] 48
R EE AV A BE A 1 R R R e IR R B R
I EARAR P, 4 A R 14 v s aE R A 11 ER
BLCL B P B R A B AT o B A2 b ka3
AT DL TR AR 2R G0 6T Bl 0 e R 558 0 T Y LA
il 2 4

1T FE 1438 0] LA HTEIRAES TR 7 &
17780 BEAIC T 6 ke B, 5530 45 00 B v T bR,
R TR AIE 55 5 Ve 2R IR G S S O R T
JEHEAR B R, TR CL YR R R H)
T8 B 1 U kIR 9, UG 2% R S AR IR SRR Y
FEAEREINT CLIIIAE , X 2R B A = EA &



224 Moa it = i X EE %55 %
12001 aircraft[ J]. Advances in Aeronautical Science and En-
1000f gineering, 2010, 1(1): 21-24.
2 800f (2] f%zn RATCHIBFRBEG REOTEIT]. M2 B4
; 600} A ,2015,26(7): 42-45.
i; 400t XU Liyun. Research on civil aircraft environmental
© ool control system [J]. Aeronautical Science &. Technolo-
gy, 2015, 26(7): 42-45.
S [3) M, kt Ik % CHLER B ) v
H/km HARBUIRLT]. H1¥2 2% 42, 2020,41(2) : 22-33.
(a) Weather conditions of [SA+25 °C SHENG Jian, ZHANG Hua, WU Zhaolin, et al.
12007 = EERE 7100 Technology of refrigeration and air-conditioning for air-
1000 “ _:_g%%}%mﬁ.g/' 180 craft environment control system[J]. Journal of Refrig-
~ 00} -\"‘_ﬁﬁﬁﬁ/ L eration, 2020, 41(2) : 22-33.
. . [4] CONCEICAO S T, ZAPAROLI E L., TURCIO W
%D 6001 \-\ 140 1 H L. Thermodynamic study of aircraft air conditioning
& 400t . - .= 120 air cycle machine: 3-wheel X 4-wheel[ C]//Proceed-
200+ :/,:_ 1o ings of SAE BRASIL 2007 Congress and Exhibit.[S.
) .\\\ T\" ‘774*7“"7 1.]:SAE, 2007.
T T T R T (5] b SCT T 0B 4 I 52 R R R
B slienon i REAHE 45 7 20 K 00 TF 58 [T). AL 2 AL R K 4
P14 AR TR F REHWR(G,) FMEIE 5 5 2020,46(12): 2203-2210.
ST L AL A O i e A A R YANG Han, ZHANG Xingjuan, WANG Chao, et
Fig.14 Graph of system bypass flow, bypass temperature, al. Simulation and test study on split four-wheel air
condenser outlet temperature and supply air temper- cycle refrigeration system [J]. Journal of Beijing Uni-
ature with altitude under different weather condi- versity of Aeronautics and Astronautics, 2020, 46
tions (12): 2203-2210.
(6] ®%a, Tandll, w7, % 2 i WAL S PR 5 #
G K [ 25 55 A A RO RHBARBIFE T =R 24K, 2018,29(2)
A, 5 4 L0850 P L 480 OB 36 R
R o . MENG Fanxin, WANG Ruiqi, GAO Zaijun, et al. Re-
BEARG BT ,%%%E?ﬁ{fi}f%/ﬁ%%%?ﬁ% search of key technology for the more electrical aircraft
ARG @E@&ﬂ— 2 IS%{EE%K RGEME S electric environmental control system [J]. Aeronautical
AEHETHAE Science & Technology, 2018, 29(2): 1-8.
4 i (7] st sb  WCBH SIS , WA I , 45 . 25 i R S P58 4 il
R Y i 9 45 18 [EB/OL].[2022-08-10]. http://
(DIREL LT ERGEEREGTE FIEN R kns. cnki. net/kems/detail/61.1479. V. 20211119.1549.
GEHE R AT T 5B 45 A DTSR FELT B0 R S0 002l
2] DL o NE T A S B ML B SN B R S i YANG Jianzhong, OUYANG Jingpeng, CHEN Xiyu-
7] 55 an, etal. Review ondesign ofelectric environment control
T s R N P system for more electric aircraft[EB/O1.].[2022-08-10].
- 72;; )’ zzg;gggﬁf;f*;J;ﬁ; ;‘;fﬁf&; http://kns.cnki.net/kems/detail/61.1479.V.20211119.
1549.002.html.
T I ] 9 R S LS| [8] JIANG Hongsheng, DONG Sujun, ZHANG Hainan,
(3) 42 th 1 B0 FE LA 8 TR PRI PR 5 R e 07 et al. Optimization on conventional and electric
0 L R G ECE MR I T 7R air-cycle refrigeration systems of aircraft: A short-cut
) method and analysis[J]. Chinese Journal of Aeronau-
Bxx’: tics, 2020,33(7) : 1877-1888.
(1] SEmeRy, B AR . 3 R B LR 5% 45 1 2 e i ol (9] BREFEs, I mE . 2 H U R SR S HL ) 50 E K

FEB[T]. s TR gERE,2010,1(1) : 21-24.
DANG Xiaomin, CHENG lJie, LIN Li. Development

of the environmental control system of Chinese large

e et M [T]. Wt 2 8h J1 % 4t , 2013, 28 (3) -
714-720.
CHEN Weiwei, SU Xianghui. Motor power selection



%2

FULTAF AR R R HLER P R G ek R RE 3 B

225

[10]

[11]

[13]

[14]

[15]

[19]

and economic analysis of more electric environmental
control system[J]. Journal of Aerospace Power, 2013,
28(3):714-720.

RONALD S, SIJIMEN Z. Bleed air versus electric
power off-takes from a turbofan gas turbine over the
flight cycle: ATAA 2007-7848[R].[S.1.]: ATAA,2007.
MATULLCH D. High-temperature bootstrap com-
pared with F15 growth air cycle air conditioning sys-
tem: SAE Technical Paper[R].[S.1.]:SAE, 1989.
YU S, GANEV E. Next generation power and ther-
mal management system[J]. SAE International Jour-
nal of Aerospace, 2008, 1(1): 1107-1121.

BUTZIN E, JOHNSON P K, CREEKMORE R E.
Airframe thermal management system modeling in
NPSS[C]//Proceedings of AIAA/ASME/SAE/AS-
EE Joint Propulsion Conference &. Exhibit. [S.1.] :
ATAA, 2007.

HOMITZ J, SCARINGE R P, COLE G S, et al.
Comparative analysis of thermal management architec-
tures to address evolving thermal requirements of air-
craft systems [C]//Proceedings of Power Systems
Conference. Bellevue, Washington: SAE Internation-
al, 2008: 69-76.

MASER A C, GARCIA E, MAVRIS D N. Thermal
management modeling for integrated power systems in
a transient, multidisciplinary environment [ C]//Pro-
ceedings of 45th ATIAA/ASME/SAE/ASEE Joint
Propulsion Conference &. Exhibit. Denver, Colorado:
ATAA, 2009: 5505.

MASER A C, GARCIA E, MAVRIS D N. Facilitat-
ing the energy optimization of aircraft propulsion and
thermal management systems through integrated mod-
eling and simulation. in power systems Conference:
ATAA 2009-5505 [R].[S.1.]:ATAA,2009.

GANEV E, KOERNER M. Power and thermal man-
agement for future aircraft [C]//Proceedings of SAE
2013 Aero Tech Congress &. Exhibition. Bellevue,
Washington: SAE International, 2013: 35-50.
ROBERTS R A, DECKER D. Control architecture
study focused on energy savings of an aircraft thermal
management system[J]. Journal of Dynamic Systems,
Measurement, and Control, 2014, 136(4): 041003.
RET  mEREE NI RS R TR KRB R
WIFLI] AL 2440, 1999(S1) - 2-4.

YUAN Xiugan. Developing trend discussion of envi-
ronmental control systems of high performance mili-

tary aircraft[ J]. Acta Aeronautica et Astronautica Sini-

[20]

[21]

[22]

[24]

ca, 1999(S1): 2-4.

IRV VPR BN . CHLIR B R R IR 5 R
K [T Aoz il i H AR, 2002(10) : 40-42,46.

SU Xianghui, XU Feng, ANG Haisong. Present sta-
tus and future of aircraft environment control system
[J]. Aeronautical Manufacturing Technology, 2002
(10): 40-42,46.

E3CHE, BT —RECHILEE G IR/ S R
GuIF R BARLT]. CHLBETE, 2004(1) : 74-76.

WANG Wenlong, WANG Wei. Development of inte-
grated environmental control system/thermal manage-
ment system (IECS/TMS) for next generation fighter
aircraft[ J]. Aircraft Design,2004(1): 74-76.

AR T AL R LR BOR AR [T ] 0025 s % il
W AR ,2016,52(1): 1-6.

GUO Shengrong. Development of aviation electrome-
chanical system integration technology[J]. Aviation Pre-
cision Manufacturing Technology, 2016,52(1): 1-6.

J& B MRBET- R B AL A IR R e (],
fi 7% 24, 2011,32(1) : 49-57.

TU Yi, LIN Guiping. Simulation of large-scale aircraft
cabin temperature control system[J]. Acta Aeronautica
et Astronautica Sinica, 2011,32(1): 49-57.
TEEAYE , 0 2R 2 45 KT LB AR I 8 95 1 3R
G A B[] A2 2440, 2017, 38(S 1) - 15°23.
REN Mingbo, WANG Juan, LI Rongjun, et al. Con-
trol law design for temperature control system of
large-scale aircraft cabin[J]. Acta Aeronautica et As-
tronautica Sinica, 2017,38(S1): 15-23.

SR E R R TRAL AR AR X e 2 SR B AR R R G
WFFE[T]. AL T2 4%, 2020, 71(S1) : 322-327.

SHI Lulu. Research of multi-stage temperature control
system in large-sized aircraft cabin zone[J]. CIESC
Journal, 2020, 71(S1): 322-327.

Kwr . B RIEH RGPS IR TERE A AT (D] R A
P S K R %, 2016.

ZHANG Qi. Performance analysis of power turbine in
air cycle environmental control system [D]. Nanjing:
Nanjing University of Aeronautics and Astronautics,
2016.

PRI . B0 TR AUHL IR Sl /Y 25 18 26 11 v & S8 1L RE O
FELD ] B AT« SO S R K27, 2021

XU Wang. Research on performance of air circulation
refrigeration system driven by centrifugal compressor
[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics, 2021.

(4. AHER)



