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Airworthiness Certification Method for Gas Turbine Engine Emissions
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Abstract With the growing awareness of the importance of the environmental protection, a certification for nitrogen oxide emission
becomes more and more stringent. The certification of airworthiness is necessary before the aircraft enters into a commercial operation.
The requirement of the airworthiness is the basic regulation guarantee for the aircraft safe flight, so it is necessary to study the
airworthiness certification method for gas turbine engine emissions. In order to solve the technical difficulty in dealing with the gas
turbine engine emission test data, to meet the requirement in the airworthiness certification standard for engine emissions, the "Aircraft
Engine Emissions" promulgated by the convention of International Civil Aviation Organization (ICAO), is used to compile the pollutant
gas sample data. The calculation of NO, emission index from aircraft is carried out by using Aerospace Recommended Practice (ARP) of
Society of Automotive Engineers (SAE) and the ICAO method based on the ICAO standard LTO cycle. JT3D-7 NOx emissions are
compatible with the existing regulatory standards according to China Civil Aviation Regulations (CCAR-34).

Keywords NO, emission; LTO cycle; airworthiness

0 3IE Ak B8 7 b B BR AR TR Sl AL S S W B I A
Bifi 25 B P A8 B 58 A AN W B A S X R A R s ML TS /TEﬁ?/E,AKIKFH%IEWT%EJ@JW%(SOCWW of Automotive
Yl i, 2 SRR (NO,) [ HERCEE R MOk 7™ 4%, PR | Engineers,SAE) fif %% d AR B BLER (Aerospace Recommended
[t 41 4% (Tnternational Civil Aviation Organization, ICAO) X} [ Practice , ARP)Hi FFd7 & J5 25, I 55 ICAO i & Jr i AT LA
P2 e ShAL B HETC TS Qe il e 1 HERCPRAE | I 2R 18 L
BB PAT o I BRI A TS G i HE R S AR (B3 1 ZER3H NO, 5 M5
A R A2 TS G HE R 505 5, U L A S AT A o S ) B A 23 2 sl BIL Xk PR 358 A A2 A 36 B 52
P TCAO THELMEN Oy fige e v [ BRI 23 & S HLI A | ICAO T s MLK A 28 PR 5 DR 47 2% 51 23 (CEAP) T 1981 4F 4 £

A B H . 2011-10-25;1% = 8 #1.2012-01-10
VB R SRR, 307 AR 7 s AP e T 124 :zhangsky_777@163.com

67 I



] jcmik

¥ 3518 32 (Articles)

M S 2012,30(04)

SCIEACE & TECHAOLOGY REVIER

Tz RS HLR HE RO HE 2 AR ME BB R SR S
Fili (LTO) G ¥R G & €T 48 42 F0 535 ) By B, Hor il S R
iezs e s MUY HE S 94 B AR .CO NO, Fiik Z k&9 (HC)
bR E 322 25 SRk L LTO 7R 38 (B2 % CFH 1% 4 F ik )
BBz, HESs e S 50E SO LTO 6 2 W [ HEROs B it it 5
RENHLEENE T Z e, DJF. K Fos  H)
DJF.=3W,EL/F,

Hr D, & ZHLAE LTO 1683 By BeHE s e i B g
W; 24 LTO 7630 HE By B (BRI i 5t of s KL i LTO 35 S By
B Ju Wy i HE PR B4 o LTO 3 S By B s AT ] s
BARIZ AT IS ] i ICAO BLEM s F i R shpLA & HE 1 kN

PR 3 CAL & ST HLAE LTO 18 26 i D AR T4
B fa] 052 DL 36 1, o Pl M 16 F I (International Standard
Atmosphere , ISA) # 1R R AT ZS & ShHLA WK DL IE & T
PEMR A A "R AT R ) B R )y S sl A 4 )

x1 M=EZzHHE LTO @R
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Fig. 1 LTO Cycle
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Table 2 Measured data of engine at different
operation conditions

B COM NO & NO & HCHk Co, &k
w/(kg- B Blar By Bl Ba

h)  #/10° %/10° %/10° %/10° %/10°

REHE

k]

18 7 T%F. 551 641 5 3 1450 1.4
e 30%F.. 1470 163 24 128 210 1.95
€T} 85%F.. 4001 30 75 70 150 2.8
A2 € 100%F, 4902 19 107 103 100 3.1

*3 KRHBOZTKAR
Table 3 Air constitution of engine inlet
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Table 4 Comparisons of measure and calculation
values of engine air flow and fuel flow
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AR kA RV B
P P P, P; Py Ps Py P, Py Py X W
(2) 0 1 0 0 0 1 x 0 0 0 -T-U m
(3) 0 0 0 0 2 0 y 0 0 0 —2h-4U n
(4) 0 2 0 2 1 1 0 2 1 2 —2R-2T-h »
(5) 0 0 2 0 0 0 0 1 1 0 -28 q
(6) 0 0 0 0 0 0 0 0 0 1 0 r
(7) [CO, -1 0 0 0 0 0 0 0 0 0 0
(8) [COJ 0 0 0 0 -1 0 0 0 0 0 0
(9) [C.H)] 0 0 0 0 0 —x 0 0 0 0 0
(10) [NO,| 0 0 0 0 0 0 -1 -1 0 0 0
(11) [NO] 0 0 0 0 0 0 0 -1 0 0 0
(13) -1 1 1 1 1 1 1 1 1 1 0 0
= _ — 72 =l
A SAE ARP L, CH, o w=1,y=2, K H TR M5 Bl o =Py My, x10° _1.04360/k

A ORI i iy (L3 1 SV O /) i i i M 3 S VY P S
B AR AKE M A FIERE B, 15 2005 BARRE €, LA 2,

FFE C R AR T SR ™ A 75 e W B i g/ke
0.0014g/kg F1 0.0021g/kg 43 48 2 By & & T 5 B8 il il 7= 4=
NO, Fl NO P, Bt NO, #6148 4R E T 1 HEc T 5 EL R

i, My =46.008g; Mc=12.011g; M;=1.008g.
] AT A5 NO, fEEUT JEFHRLE RZS T NO, ks 50k
Elyo, (approacn=4.0254g/kg
Elyo aim)=8.8261g/ke

| 1 | 2 | 3 4 5 [ | 7 | 8 ] 10 | 1 | 1 | 1

i of 1| 0 0 o/ 1] 1] 0 0 0| -32000e-04 || 1| 11 1 697 2334
2] of o| 1 1] 2| o 2] a 1] 1] -0m77| || 2 2 |2} 97613
[ 2| 3 2 1 2 1 2 -0.4284 3| 40000e-05 | 3 5412443
1] 2 1] (1] 1 1 o -1.5604 4 a 4 1287193
0 1] 1] o Q Q 1 0 5| 0.0012| 5 16.0460
8] 0.0M40| -1] [1] [1] 1] o | [1] [1] o 0] | 8] o ] 0.4469
7| 6.4100e-04/ [1]| 1 1] q | 0| 1 0 0 [1]} 7 o 7l 10110
B | 0.0015| 0| a 1] o [1] -1| o 1] 1] 1] 8 1) 8 0.0014
8 50000e-06| o i i o [1] o -1 -1 [i] o |8 o |8 0.0021
10 3.0000e-06| o [i [i o o] o [i -1 0 o {10 o |10 00012
1] K] 1 1 1 1 1] 1] 1 1 1 o {1 o |11 £84 9482
(a) EREA (b) %8/ B (c) BITER

(a) Matrix A (b) Matrix B & C

(c) Run result

B2 EBERESTEMHEA—IEREC
Fig. 2 Matrix A—matrix C under idle state
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Table 6 Comparisons of NO, emission index data
based on SAE ARP and ICAO
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