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Table 1  Thrust settings and time spent during standard

land takeoff (LTO) cyclet?*

Engine modes Power setting/ % Time/min
Takeoff 100 0.7

Climb out 85 2.2
Approach 30 4.0

Idle 7 26.0
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Table 8 Constraints for optimization problé\lﬁé\S > 4.2 BERRULER

Constrain alue — I — Vo ML, b NS =
AR @3 i 4R 10 FL e 1 4 L O
Takeoff field length/m =250 \ v’ 35 \COZ FlEM AT... & K. NO, 51EK AT, £
Landing field length/m =2 000 B AT AR DL B 3} I b HE A A 23 B
Sccolnd zcgmlcnt c€1>1mb gradieng Y;x:gzk Z'K)Hai'f[f& , ,ij 'ﬂﬁén i&\%g é/_\'ilj .

Angle of eruise/€) N\ e/ DOOBIMIEZE B 9 821 £ . i i 25 2
Drag-to-thrust ratio '<0 88 B Y T T BT KL s o
Wing span/m <80 {;IC T, Wﬂ%ﬂf'fﬁﬁﬁ 3t

Wing fuel volume

CIPS L\Eﬁg\‘}&ﬂﬂﬁ@ﬁﬁ

—=Required block fuel volume

®9 =®AH *T 2%
Table 9 Single ob‘]ﬂc&l%‘qp 1mization results

iE(JK’F\@E?EﬁEJEE%m i H s S WA

-~

Vi y
4 /4 , ,'/ /
Minimum *Mitimu Minimum Minimum
) ))

Objective
Minimum

DOC \{ NO.,. AT ave cost
MTOW /kg 177 GQO\K\ é 4 475 940 180 460 176 080 176 630
Wing area/m? 311.4 » 300.7 366. 1 298.1 308.8
Wing aspect ratio 9.12 10. 22 11.74 11.98 10. 10
Wing sweep/ (") 34.5 25.5 17.0 15.0 31.5
Wing taper ratio 0.14 0.13 0.16 0.14 0.13
Cruise Mach number 0.85 0.77 0.58 0. 56 0. 81
Initial cruise altitude/km 11. 200 9. 800 7.000 6.200 9.200
Final cruise altitude/km 12. 964 12.647 9.056 8.514 11.947
Thrust/kg 33 850 23 602 32 735 33 100 33 866
Bypass ratio 10.5 11.5 11.2 11.4 11.0
Engine pressure ratio 31.5 33.8 26.0 29.0 26.0
Relative DOC 1. 00 1.05 1.12 1. 10 1.03
Relative CO, 1.07 1. 00 1. 11 1. 09 1. 06
Relative NO, 2.08 1. 99 1. 00 1.07 1. 95
Relative AT e 3.12 2.98 2.85 1. 00 3.01

Note:

MTOW—Maximum takeoff weight.
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Multidisciplinary design optimization incorporating aircraft
emission impacts

LIU Nanxi', BAI Jungiang' * , HUA Jun*, GUO Bin' ,WANG Xiaopeng®

1. School of Aeronautics » Northwestern Polytechnical University . Xi’an 710072, China
2. Chinese Aeronautical Establishment, Beijing 100012, China
3. Shanghai Electro-Mechanical Engineering Institute . Shanghai 201109, China

Abstract. Continuous increase in air traffic has caused a rise in public awaren &‘Bﬁenvironmental impact of aircrafts, im-
posing the demand to satisfy the emission requirements for future aircraft coner‘t de{sign and development. In this paper. the
average temperature variation is calculated to measure the environme’nt( gﬁarmance of different aircraft designs. It is first-
ly used to analyze the effects of cruise altitude and speed variation on the magnitudes of climate impact due to different air-
craft emissions, and is then integrated into an aircraft design thlrfnZatlon framework at the conceptual stage. so as to opti-
mize the minimum emission impacts and operating costs, '\l‘hgv(fémgn variables considered in the optimization problems in-
clude aircraft configurations, engine parameters icr)se settings. Additionally, the impact of emission cost on the

tradeoffs between economic and envwonment\ipéifo ance are reflected on the Pareto-optimal front.

Keywords: aircraft emission; operatin c&‘,‘}‘ optlmlzatlon design; average temperature variation; social cost of emission
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