L 2% Bl 1R

Aeronautical Science & Technology

Feb. 25 2021 Vol. 32 No.02 32-37

Wi R S AU 35 PERIOR: 490 HE i

» 9, L » 2o e S
G br i 5
Bl s WIS | 3 58 3C
rPEIREHIRY:, K 300300

W BEAATWEESBREEL RN TE R RF MRS T RATHATE KSR R A, 12 26 3% A 2 B 4 HE kAT
MR, ERRAALGMEI6F 2B NE KA E D"+ % 4 F B H 2T HBATE 2016 45, AT T o X
& B A T Ok By 3R E R BB A (nvPM) JiU B R B AT EE N R R E RS AR S T EE R M B EENA T 2% 1E
FavPM L E 5 KA. REUEH FFAE R Bt BAFAEACE 8 77 2 R A K s LA & 8 ACE . #1R E I RATA A %
BAMHEHNERARESHFAUFERF, R ECCAR-34HFMBITS Rk 8 FHR KA EMF £ TEA % FRK

KRR e KB WL BB A HEBohR v AR RN EATH

FE 95 ES: X513 NEAFRIRAS A

R0 F PR K Jo P I 1 ke 12 % 1 R A 5
R ALY B R AR R ORI R Uk
Yy SR HUBORL ) =R, S22 R SidL 205 )
Hoil =z — P8 5 AR B R fE F N, Rk
Wik 4 (non-volatile particulate matter, nvPM ) & LA 24 it
F1| 350°C 14k £ B ASF4 R (R HEICRORE o 33C 6 350K )RR A
CERAIA R R SRR AR R YRR Y AE R BB
PR 2 = i i, Y ELAE LSy T B IR i LR I A &
AU IR TR R S HE I D v R T, DRI
R SR ) 0 AE 44 R R ORI T B A i T AR B Y
.

[l s AT 2L (ICAO) T 20 42 60 4EAU7E [l B A2
LI 1655 2 (s R SLHE R ) Rl 1 iksge Kk ghbl
TS5 HERCESR o R MR8 B AR AR A i B ) R RS s
WIHERL  APJE AR © 2 T80 T B R zs & sl A
SedE il an/NURE Y ) HETL . BT LICAO il 2 T nvPM (1) )it
TR AR AR Sy ok U, O TE I AN 58 o B R CE IR
(LTO) W nvPM Jii &t FHEC B HE AR . A SCA 41 T nvPM

5

DOI.10.19452/j.issn1007-5453.2021.02.004

FrRuEdl & 1 5, BAR T nvPM T S AR bR E R 4%
J7 A& IE DL K 8 78 A MR Y, O R T R AL SR a0
CCAR-34FRAVETT TAERAt—E S H0,

1 nvPMHARIRERES =

1 BRI R RPLHRR A SR % LY
BEIT i 23 B RE ICAO Tl E 1 MR 25 HERIChR 1, 97 20 {2
70 AT, ZORAEMTAS i 58 A S HLAIE AT E rp ik
MR R ZARER E BOR M A B ShPLR HEU LT
B, SRR RFEAR 1R R BRI R HER . FELIERT,
S MR R EOR B 2R IR G 0 RICR , tARAT T BERE
R T R S A (ELR R MR i I A 2 X
R BRI 0 /INRGE B BURE RO 2 R ) , 70
SRIFAREAR G PG B A ShBIL ) ORI HE L , B RE
KFEARARA K S BOR IHE . P LT —Fh e A&
ML avPM HEO L BAEDT

A B R S HLHE I 41 ABURL 4T , 2010 4F, ICAO T
JB BB SRR 2 AR AR 2 51 23 (CAEP) 2 URE,

UgFsEEE: 2020-09-27; RIEEHA: 2020-10-15; RFEABHI: 2020-11-25

EEMB: PERMAZ BRI AMEZINE (CESCA2019Y05)

“BISIESE : Tel.: 022-24092415

S : Yang Xiaojun, Liu Xiaohan, Chang Jiawen.Airworthiness standards and certification procedures for non-volatile particulate matter
emissions from aircraft engines[J].Aeronautical Science & Technology,2021,32(02):32-37. 152 E, %X, EE2 X . ML 51,
R IETHIDHERGENANES EELI ] RIS, 2021,32(02):32-37.

E-mail: xiaojunyoung @ hotmail.com



A 2 LR SR PEROR: P HEBOS AL br i 15 158

33

FHRWFFE I R BRI HE bR e . B0 I R 25 HE T2
SKAEALE LTO M R 11 4 A HE 1 2000 3 5 KW R R85,
HOSARUEM A TXT L 5 T nvPM FRIES L& 7% 18 4 A T 3R E)
Sl NEARPE 2T MRS T g il e , O H 2R
SR ) ) BSOS ViR B, LU A5 A o 1 T AL 2SR By
A

20134, CAEP Ji 3l T 1Hi [n] i 56 & ML) nvPM HERGE
AL H AR UE R T AR bR v 2 X 25 HE B SR i 8
JRFNAEAH PR 58— T B8 A o 1l o 75 1) LA % e
K T AR, FIFLATE 2013 4 CAEP 238 ¥ % 75 CAEP/10 )
JE1] A 5 8 nvP M 3 38 P o o, T BOFR 2 2 1 55
HEBOhRAE , T 2016 4EMAG . L SE R TE R . nvPM 5 4%
Z A6 R A HEAE 4 nvPM HERCRR ERL AL AL SE 10 %
HERCBRHE , 3 Fo P YCEE nvPM 5T v B B30 D 30 MLAE
20 JE e SRR EFT N SR . R, R Z BT AR
HETBObR L R R SR FE it AR o bR v RV Rl I
BEHESI>26.7kN [ & SIHL, 18 H 102 202041 H 1 H .
RARFE AR AERE 2R H I 2023451 H 1 HE,

2014 APk 7€ 75 CAEP/11 18] 58 BN 3 46 K sh AL 5 4%
nvPM B3 e B il 2 T AR, bRiE S B I NS TE N — Rl

i

2 nvPM HEBURESIELE
2.1 TiEMRE

S P o T 1 v P M R S 2 T 7E A
% 5 nvPM bR E 6 2 (9 SERK 1, 87 10 R ShHLIA ROk T
T BE 5 RSB 1 5 o 4% 2R SIL AR 7 L9
(U9 IR v 3 L A B B 4, 7551 nvPM
SO e 1 A R

limit nyPM = 1007 %) (1)
A limit nvPM J2 iR B 0 E BRAEL s Fo AU EHE T o
2.2 LTO{EF

PATE B HE b 1 7 T2 2855 185 Gepnt A s Uit
AN, nvPM HER bR I 9 ] 2 A 28 T35 Bl R R R
(LTO) o BERE LTO A A KA 2 AL J Rl At = HE A s
JE3E AT 916m , i G R 1 4 DB Bed i, 735 o 1 AT ik
i JETFAE R A SN nvPM HECEE I X T A R
By BE e BOHE ) RIS AT I ] HEA T, TR 2 nvPM J5it
HER G KL (EL,, o) Al nvPM U HEHE R (BT, ) . BB
WUEE S AT St TR & 1.

®1 LTOBH MENIREES5IETIE
Table 1 Thrust setting and time in each following operating
mode under LTO cycle

R BT W/ %F,, | 2T iE4 7 ) /min
R 100 0.7
est 85 22
BiS 30 4.0
AT/ b 7 26.0

2.3 BEEHER

nvPM (1 HECE i LTO By B 32 1 7B R] B8 3 5 LA
FHERAE B = H BT R . XF40 52 4 71>26.7kN 11 & 5
HLAY LTO HE R bR UE () nvPM [ it AR HERL , 3 1 44 58 &
SIMLAEE #HE 7 A AR AL, R 2 SHLAY LTO () nvPM
Jo i AV HE A, T AR X FAUE X . BRI R
FiR

nvPM [T & T Rl

Ztm x Wf X EInvPM_muss

_mass 110 2
. )

LTO,

F,
nvPM ¥ i {E :
110y 2l X WX Bl

" (3)

Aoz o, WA BB R]; WA RN i 5 EL iy e ¥ DVPM
S HE G 2 EL o N nVPM AR HERL SR Foy I HE
7,
2.4 RFIREIEIEFNMEEIE

nvPM SRAF RN 1L 22 55 A R A O 453 2% (ORI 2 () 44
VKUK BRI BEFR N R e . SRR A R e v i 2 <CHE
JICRA LU AT AR RURLIN 5 2R G 2 AR R G AR 1525 A
- BUERIE 19 nvPM R AR G 2R T & sh bl F -1
() nvPM Y BE LR . 2 U A0 ORI 2R HILEE A Sy 5 R K/
A%, IF H nvPM B 940128 5 T ovPM it . S5H/NRE
T, B R R 20 B P T AT HJE: K 1 0k X
nvPM 5T IR ORI filan, — & RSPl s — 6 &3
HILHE K 38 4 K JBOR 3 15 B SMLAE AR b 24l i o
1 nvPM B, A8 B E R SIFLH FF- AT nvPM {5 2%
AERL

H AR ECE 2 B A5 B B0, S BT AR AN i R 4
TCIENT RGBT IR B IE . RIS RN IE R
G vl g 2 BUR S ML R 22 1] Y e 2 g 2, R )2
Xt HERCE B 22 o AL FR DA B RN DAL , 76 7™ Ji 2 30 )

@

®



34 LIRAEE L P N

Feb. 25 2021 Vol. 32 No.02

FE AR AR T R I TE I 22 . (1) & ShpLAY o B i
B T3 [ SRR, AT 5 — AN RS HLA AP fE ;
(2) AN DR i v A 22 1T RS o i 7 A= 7 i HE S /Nt
RLI R BB — TPl .

R, #1L A9 CAEP/11 LTO nvPM f5 I FE & R A
B RGHURBIE, [R5 8 T BB, XTI s
BRI R, CAEP WAL 1 MR BREE R RAE IE MY 112,
FURRWMBIEINER A, T Lt — L. JFH K
R H GE A be 2 HicHia i A48 IEAS J& AR AN [R] PR 58 2%
AR R A . P, BT ARG A R SR
AR IR 2B IE . (BB EIRB E S MR,
CAEP %5 nvPM it i FECRAE . T —FRIR 240, % F nvPM
it g +10% , nvPM E0R B RN +30%19,
2.5 WAMRRSMEIE

nvPM (8 HE B A3 (22 A T A2 £k ik
AT RS nvPM HER R BB S 80.,  TE RE T BR
RBHRE A 5 MR 4 48— 1) nvP M FIUBCR A v, 28 = T4
21 /550K ) S5 AT: 55 28 55 fiE A 1E R BOK DX B AN [ S5 1) A
P RS 1 WS E 2018 4 CAEP 45 5/
H LRI T 7 ik A il P 28 1E 2, (R LA T 7
D 12 14 nvPM BT FIECER HF R B 1E R 13.8% i 1Y
BRRLVA S B2 A, TR nvPM HERCELFR HEAL 0 T B
TEIF K 1S5 R HE A

o8- 11|38 - m)
FUU

(4)

popw = €

P
0.99—— - 1.05|(13.8 - H)
FO{!

kpopL n = € (5)
HH 2 kg o nvPM BT HECE B BR IS 1E R B keurr
Sk nvPM B HERCHR B RIS IE R B FRHE ST F o
SEAEST s HOMIRREE S (US4 i) .

2.6 PEEEEIEIR

L2 RS AR A 2 B &5 = T A dL/0RE ) R AT 55 4.
(WG3/PMTG) A nvPM Jit 5 AL il 1 7™ I B2 e 10, I
22017 4F CAEP 48/ NH LR i . W FAE" & Sl (TR
20234 1 A 1 HAETHIE B S S8 IE & s Bl) , WG3
nvPM JiT 5 FIEICER 25 FF R T — A" I B e 30, 1230 2023
1AV HIFURE . 787 & ShbL™ it B B B (1R 1
BIVFF LRI AL R SIATLI JE ™ it e 33°),

Vit bR T LR R BRI T R S LA R N HE
HEfHIR 224 22 |, E4% 89N FlI 200kN 1= A nvPM i 7™ i
JEE I T 2 (0 A T A8 A S A 90 L PN ) R
TiEA —E (MR o 25 IR — e /N R Sl s 1 HE

L, 7™ T o 35 T 1y B ] £ B o 0 0 0% 385 g o), 3
200kN B, BRAIME S fEEE . i fE CAEP/11-WP77 Hijin A
THE T nvPM R HE RO S R B R T ) I
TEI, fif ATE CAEP/11 4T VAB1T , JCPE 1 nvPM Joi 2 )™ I
FERIRYARE . WG3 HR A [FAE AY BT 7 H 0 5 200kN A
J nvPM B 7 i R 3T 2R 00 5L T, AR B 30 0
nvPM FC HE R 5 T FE 400 10 7™ 5% 10t TRt
TCAR R

ST HHL R SIHL(FE 2025 45 1 H 1 HJE BG5S 4%
HERIRZHHL) , 2 nvPM TR T 5 A4Sl EEE 5, 2 nvPM
Bom & T = A BRI, I 20254 1 H 1 H R iR
Fo FEXAS [FIE AN & g HLHERCE O S 261 7T 800 005 01 b
AR T 4 /T 89KN 1) & s AILHE il BRAE 1 7™ 1% 1 ), i
$E 150N 15> nvPM Joi 15t FE{C I ™ 15 8 326 3 24 ) e 97
7 I BT 5 A% T T R I £ e 4 R T
150kN 1) % 2l AL, HE ik B il fB A NT-1 (250mg/kN) #% 0% .
16% . 44% . 72% F1 82% I 1 43 FLBEAIG 5 &2 #E S1/NF 150kN
8 A B 7T B TR AR I T S R . AT R I
nvPM Jit & (1 NN 25 5 BB 2L 98 | BT LASSCE ™ i
JRE 3 51 ph 2 AN A S NT— 1 28 NT=3 (54 J5 77 38 1 191 iy 2
TR = 2%, WA T 5t 7 6 R SR 0L DR oAy i o 1 i
R BRAR VR . BUE HE IR T 150kN 1 & L, S0 HER R
THIMEL NT=1(3x10°#/kN) 4% 0% . 33% 1 66% F FT 43 FEFEAIG .
[ REX A HE F1 /T 150KN 1 & ShiLEL ™ ik B i v . 1R
TE 775 3 ML & sh ML nvPM 5 HE ™ G B e 30, [ 2 A
nvPM EICEEHE O™ it R

3000 - — — — — TEPER BN
BT IR AE 7 52 ST i 1 e 3
LI S B AL i Y0
o500k LI K BB il 1 255
z
<
g 2000 -
= 1500}
*
=
ﬁé 1000
o
>
g
500 F
0 100 200 300 400 500 600
BUEETI/KN

1 EFESHNMELZ N nvPM RE R B5E %N

Fig.1 In production and new type engines
nvPM mass stringency option
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Airworthiness Standards and Certification Procedures for Non-volatile
Particulate Matter Emissions from Aircraft Engines

Yang Xiaojun*, Liu Xiaohan, Chang Jiawen

Civil Aviation University of China, Tianjin 300300, China

Abstract: In the past decades, the current smoke number emission standard has well restricted the exhaust
emissions of civil aviation aircraft engines, but it does not directly limit the particulate matter emissions. Chapter 4 of
Annex 16, Volume 2 "aircraft engine emissions" to the Convention on International Civil Aviation, sets emission
standards for particulate matter. In 2016, the non-volatile particulate matter mass concentration standard transformed
from smoke number was issued as a transition, and the mass and number emission standard of non-volatile
particulate matter in landing and take-off cycle was issued after many factors were affected and revised in the follow-
up study. Using the characteristic factor to calculate the characteristic level shows that the engine emission meets the
regulatory level. The study of ICAQO's formal standards and compliance certification procedures for particulate matter
emissions is of positive significance to the revision of CCAR-34 and airworthiness certification of self-developed
engines in the future.

Key Words: aircraft engine; particulate matter emissions; emission standard; landing and take-off cycle; airworthiness
certification
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