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Experimental Study on the Influencing Factors of Spray Performance of
Small Flow Centrifugal Swirl Nozzle
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(1. Key Laboratory for Power Machinery and Engineering of the Ministry of Education, Shanghai Jiao Tong
University, Shanghai 200240; 2. Shanghai Micropowers Lid., Shanghai 201203 )

Abstract: The effect of ambient pressure and spray flow on fuel injection performance of small flow cen-
trifugal swirl nozzle was investigated on an ultra-high pressure fuel spray test bench. The results show that
the shape of spray is mostly affected by ambient pressure, the increase of ambient pressure leads to the
decrease of spray cone angle; the effect of spray flow is restricted by ambient pressure, when under
medium or high ambient pressure, increase of spray flow leads to a drop in spray angle, as the spray flow
keep increasing, the atomization effect would get worse. The effect of nominal spray flow is: larger
nominal spray flow may lead to the increase of cone angle under the same working condition, while its
critical spray flow also grows larger; the effect of nominal cone angle is similar with that of nominal spray
flow, and a larger nominal cone angle leads to a better adaptation to high ambient pressure with large
spray flow. The research shows that with small spray flow, nozzles with small nominal spray flow are
recommended ; at large spray flow working conditions, nozzles with large nominal spray flow and cone
angle are recommended, with a better adaptation to high ambient pressure.

Key words; swirl nozzle; fuel spray cone angle; ambient pressure; flow

s EEA: 2019-01-11; {&EIHHA: 2019-06-04
E4WE: EFREAH LR (2017YFB0103501) , SLRINGRITR] (2017JCICZD)
EERIAT: 48/NET(1995 - ), 2, WFgsds, EEMFFEIT N NIRPUAB SHEREE S, zouxiaoke@ sjtu. edu. en,



2019 411 A

AR/NBT A - /N ER

=

W3 5 P E R ) PR 2R A 5 - 23

0 5|7

JE IR WM 7 2 15 TR T BB 5 25 A
RE S5 MR R FH R S APk & Sl e 8 T A R 1B A T
(SRR 28 BT eV S 7 76 1 TR AR I
WIS SR ERE, A R TR BRI A 2 TR A
S i koRa E kB

CA IR R I . Rbe i . Wi i A H
PN RS KA S5 AR S I o X AR S S AL
FHE 7716 ik W5 W i R ks 58 55 55 4k, De Corso Al
Kemeny X RRBE %15 11 L K W5 6 s 946 X 06 352 46 £ 15
BRI ZS 82045 B 56 R HEAT T RGRRITSE, $24
TWIEHEAA S AP Z AR, IEXTE T K
AOHLIRAEST T 05 % B . Ortman 3 — 25 38 i i
W I RS T e T 7R IR TR R IR R 2
ek 2 14045 L Kim @it it e Hrs TRk
23 A O IS B R AE S L SR P LA R I
TREIEME B LT A T 4002 B 24, I 0f it
BEAT TARBeT 57 L P AR SE T ST RN T £ 1
SRR BUEAT A Ty, 9 0 38 a4 B AT
TS PRI 1, T e T S 8
TS AR S R Ak e A e e 5 A
FIHLBEE T Eh A3 5 e 45 DIKAE T .
X R T THE T W 7 R MG T B 25 e ) S
WA T —E R RN JRE, o T
B SHHLAY /N PR 7 e e (RS 5 5 5 4k
PERE BRI T TR A FE 5%, R B/ N T %
B FE AN R B M SERIE IS B A — AR

AW FAEAE E E R S R A b, A
SMHT T TR AR R S ML — AR ) e S 1K
TS A R TIBENE , E AN IR PRBE TS TR M A
BT T RIS WA R K R
Bl 6.5 MPa, BZ50HT T Wi T4 5 0% 7 Bl
PERE RGBSR A TR AR AL B LA,
FRESIHLE SR TR E TAESR KR
1 REEREFR

P 1T S st SR P A A 2 A9 T 2 1
&, MBEE AN, IREE T, fumRg.,
SEG, Wit R AR AL

TG 254 S B A S A4 1) g 55 55 Y R
W R, Hrh, R E AN
FEAFERTHRG, FAGTRRATF IR 5 5 1 h G
PR, TR 50 PN B TR 38 3 T A s W
PRIV Py I A A, e R

i, BEEIA B EGRS (Charge Coupled Device,
CCD) Frshfplicat, B £ B T B
1 ffrs .

1 KWEES5ES

CCD HHHL Photron FASTCAM-APX 120KC
SR B R CMFS010P
JE G RAR DST-10-250

ARG
(AR YR

B1 B8E#nEZREEE0NREE

LR R AR S Jea S, L EA R A
2 PR R TR MO SILAY /N
RSB mIE , Hit SRR 3 ps . iR
AN AT, FEMK T /N E B A A4
BB S5 ACTERE, RISt & 1 e J LRI Y
BB S A PEREAE X e o 336 R P O RAGE % 75 e
A 0,0.2,0.6, 1.0, 1.4, 1.8, 2.2, 2.5,
4.0 f16.5 MPa, WiM§mEa29 2. 2.5, 3. 4 Hl
5 (kg+h™'),

x2 WHBALESCHEBLRNE

ﬁ%it Cl()NCZI
VA 180 ~360
T bEE 54
BEHFE (25°C) / (mm® -s7") 5.64
#RE/ x10° (kg - m™?) 0.84
*3 BEEZITSH
%5 A | B C D | E F
Pt/ (kg-h™') [1.71 [1.87 [2.02(2.18 |2.18 |2.18
WiT4Ef/, (°) 90 [ 90 | 90 | 70 | 80 | 90

2 RBERSHH

Bl CCD AHLR S e i W s 7 AN Rt . A
[RIRAGE T I PR I, SRR RIS



$ 24 53 AL

41 55 6 ]

FIAHRLAIE A 1F RS HEA o AOTTEH, Wi HE
o B SR W HH T 2T YR S BT I A AR
SEAL, W ROl ) B S 5 1 GO R T S,
K2 R

Dl

Dl

/
/

B2 HE#EANEREE

2.1 ARIATHHBRERS

AN THE A FEA W] 5 i SRR &
TR T IE LA ER 73155 55 Ik 4 s
®4 BEALESEESRETEANSSBEERESE

T/

2.5 4 5
(kg+h™!)

0 MPa

1.0 MPa

4.0 MPa

6.5 MPa

H1E 4 Al UL . JRGR T RS A 5 55 0 IR B
KHEINER o SABE ST IR, WiZE RERL A Hu IR
HAOHERIER; BEEREEE T IREHTHR, R
Werg, M DHEIE B AT, XM eRibe
FW ol 1.0 MPa J5 B30 . JRINTET . BEH

HHTHR, HERE R, W Z AR
AR SRS, AT B A SR S R A B E
REWAE AL, shidfeidasss, R LRI
FROEHCE, 1EJES1K%] 6.5 MPa J5, #ABHBHE
TEAS R T #RAN FHREA RO M L, AN BB A
TERA AR S ], FEA IR ASRBE A

MR A BT WS S 2 MU i A Y
. ARTTHT, BRI S AL e A PRI R T 1 23
BUPERR LBy s (H Holiiid 1.0 MPa J&, A i
RIS, I OB AW 3, 5 AU AR
7, WS SRR A R AT O SR R AR, A ]
SIPET R, AR T R IR e i 2k
R TR N DO D VAR SY 3+ 35/ NP o N =
W, T RPN RE S 158 ; (RS
WITHE, MEERAE RN, WA B)
AR R BOR X, RICHARIEES
2.2 BRETENFEZHEANZMN

BLARY/INAL B A fEANF R AR R
TE R I 55 S A I B (AN TR 3 BT o

100 I HEA
, ——2.5(kgh?)

80+ —e-3.0(kgh )
e 42 (kgh!
= 6o} —— (g]
ﬁi‘ —~—5.0 (kg'h )
i
% w0l

20}

I B S R S B

# Hi/MPa

B3 M ALRRRETHESHEAREENETL

WA 3 FTLLR I : A6 FRARET, WE%5 4 A
BT MR AS : ZEmES IR R R REN 3.0
(kg - h™") RA5, BREEEIFHEM O MPa F1 5 % 4
MPa (R FEHr, WES54Ef N 102° R[5 41°; {HY
T EME 4.0 MPa Ji, W55 5k M ARG 0 s
WREE : AEARFEEATR RN 3.0 (kg - h™'), #&
RETHEMN4.0 MPa iff—20 -5 6.5 MPa 5, W
e 41000/ E) 330, J R R R be = 15 1R T
Ea R 5 KRS K, Bk
PRS2 s AUt I 2 4 1 2 A %)/ IN VR 7 Al e A
T A AR, s it — P A%

P13 r g s P IEZ Jo5 1F) t B AE f FE IR e 5 75 TR
AR EHE (R EE S 4.0 MPa) 5
TR, ZRREEE R AN, X—3
GAEZ AT SCHk R AR B AR, IR
it 4.0 MPa J&5, SEBRMESSHE M 2™ 5 0w 25 151



2019 411 A

AAR/INET A /N T U I S 25 P RE R e PR R AT 5 £ 25

i, BT EIAMTERRGE = N A 2], S EURSR

MRS, B LT, xR shPLn] SEk

A 5 AR 38 B ™ B ) 970 T R o

2.3 WIHREXNBEHRNTIE
PRIV 2 HE A1 O 90° f /N B IBE S A FE A

[FlF e ANRIE T 00 B ABESEHE M sl 4 s

110,

100F

@90_ \/\\
&
4

= 80F  WEMEA, fLIIE

X —+— 0MPa
70+ 02MPa
60t
05 3 4 5
W (kgh)
a)fitiy [k
100
90}
8o}
L 70
g
& 0 wima, by

|0, 1 oMPa
E 4l e 14MPa
ol o+ 18MPa

v 22 MPa
20 —+ 25MPa

/2

10}
O ! !
2 3 4 5
WE/(kgh)
b) P E&EH
90
sol  WHEA, mEE
700 —=— 4.0 MPa
e — 6.5 MPa
2 60f
§ 50+
B T
] T v
20¢
10
0 5 ; 5
Wa/(kgh™)
o)

B4 RESETHE A BEEREEAENTY

MIE 4a) wTRABI A 2] W A e 5 (N
0 MPa) | Jitt#/h (NTF3 (kg-h™'), BIBEIHA
LTS %) W, WSS HE AT R BE U A KT
TR MmO — 2 (W3 (kg -
h™')) JE, WEEMEME TRE, B E S mE
HEFEEA AN FIAR O, HLIE 55 4 A AR BEAE B HE A
90° I T,

M 4b) AU ARAEE R, WU
XI5 HE A B RZ R B« BEE R AR, W%
HEFZHTI /N W ERIEE] 2.5 MPa J5, R T

2.5 (kg - h™") BHEORHBE SR REIE B 4, ML
BB RN T 2.5 (kg - h™') WFAOBIZE 4k f
B

M de) Al mHEIET, BEHEMAT/NT
BOHHES, WIS RUR IRAE P/ NI 25 8], 5855 1623 1]
oA I SIVE SRR, (EHE A e R A A3 AR Al
AWRE . FEE, BEAMET 4.0 MPa 5, JEK
T2.5 (kg - ™) WF, BOBHBLR R GEIE A R0
ME%
2.4 BERITSEBEEERKNZIE

ARG B T SR S RO A A A E Y
NG, FEARIRGE 21 e S B IR
Wt %5 SE A
2.4.1 BEZITRENBEEHEANM

KIS g5 TARIRIBOHHES , ANTRIBETHR B A mE
W§ AL B, CAEAIRIT DX, W8 55 HE A BE TR
I,

140
B3op T o~
P BeikHEF190°, 75RO MPa
& 120}
& —=— WEHEA
o o WHER
i 110} I
= —a— WEMEC
100, /——-”,’4‘
90}
3 ! 5
Jikt/(kgh Y
a) K5k
140l WIHEF90°, 2.2 MPa
—a IGEHEA
o MWEWEB
120t NG L Wi
£ 100} .-
S‘:?é \‘\\\\\\\ \
& 80} .
60}
40

2 3 4 5
Wik /(kgh)
b) 45 &
100
90+ \
—
e 80r _
& 70l -
§§ T
B 60t BT HER90°, 15/14.0 MPa
= 50 —a— MFHEA
I —e MR
40} s WEHEC
30t
3 5

4
ii/(kgh )
g R

c)
E5 AFEEZITREFEEBEZSERBEBTRENT



TR g

i AL

WFFE B BT BRI, e R T
AEAT ROE 55 HE 1) foe /NI IR0 — 1l 5/ I AT
R EGRs,  Ho izl S0 8 B 1R A0 T i
Ko WHLEGL, #FFIET, RABGHREIAR—E
FEREIG , Bt R A A BEA 0P i %S

HIPE S AP0l SR EORAYmIY B A1 C, fE
REA ROE MG HERI 26 1F T, MRS T00, 4%
T T A5 4 A AR R TN R IR A AR,
5 WSS A IS 55 1R R 52 5 1 RIS 3tk ) 5 i LA
AN BEE R AL, W Sa) Fron, R (O
MPa) WFWEZ5 > HOPERERF , IS5 HEMOR, H R
AT 9 SC PR 25 HE A R T Be B HE A
KI5b) | Sc), BEHEWE ARG, 45 M 25 o
MR 2E, HEEE BN R AR, Wi HE At —
AN

] DL B 58 ZU R T R A R B
TR U T T O0T , SR AU i R ) s
REAT A = 79 IS S R Y 25 e B . wl LA
e WEEHRERA) TACR, AUR AR i s
W, ECHOO R e T OO AE N PR S 5 T 4R
WERBET IR, 7R TR T BRI 5

IIRLPERE
2.4.2 WERIRITER B E R R T

6 45 T Bt i A 2. 18 (kg - h7'),
BETHWESEHE A 2351 700, 80°, 90° B I 7 AN [F]
MRS e P s R B S HE A

IR TEARE R TOUT , RUEo A i v
WS R HE A R T/ MBI HE AN, HL 5t
ROl E S X A ANES VRPN ey L Al
F/ N R BT A 3G ORI B K, ELAE M
WEBRITOUR, KU HE A I & 03
PIVERLS .

Wik 6a) Fron: BitHEA A 90° (Y F Wi, (%
T T AR B RE A0 T B T HE A Dy 70° A5
W D F180° (Y miME E. MIE 6b) FIE 6¢) RILIE
e PEEIET, RERE BB R R, 5%
OrEPEREAE 22, WASSHEM AR RBETHHEA i
F, FEBORBURE TO0T, SEPRme s o A Bl 7y I
SR R M S Y 18 DA DR/ N 4 W B S s/ T/ N A
FIRIWEYE D, E; (HR BI85 4 A 1Y B8 7E /N i
i TO0 NP A S 2 e, W B, BEIE R
Z5 A Bl B/ N RO

AL, SR HE A ROR IS, HAE R
BT I ZE o BV BE AT A 24 R0GE , (EXEAY

s 57N L T

541 E5 6 H
140 .
130, e
120f
& 110t
£ 100
i
w90
70+
60+
501— ) i 5
i/ (kgh!)
a) iy &
110
5 12.2 MPa —
100 . mgwepD \‘
—~ —o IBIHEE
E%'+mw
éﬁ 80
= 70
60
50
0 5 i 5
Hitit/(kgh )
b) P&
100
k40 MPa
—a IEEHED
—o WIHEE *
80+ . EHEF

M 55 HE£71/(°)

L ==
=60 >\<
40—y 3 F 5
Wie/(kgh ")
o) Mk

B6 RERTEAEHEEERBRBOTL

2.4.3 BEEEARETR THBEEESE
B7 a4 TS5 (kg h™') B, AREH
o A 2 S 414 W 25 A T £ B A b 25 7 T A4k
MIOCER; RIS, XS WS F 78 55 5 T i i e
SHEMPEAT TN (MEZR) o B IESEBRIH Ok gl
PR E TAERIT R, DLSEBRIE 25 4 f AN /N T 70°4F
SRy TS 0 T IS 55 A 15 A AR B v, R 1Y)
T PR AT I S R, X R T A& W g Xt
AR I A AT I . 4 5 45 i T AR IRl
f(90°) AFE[IHa TR G AE Rl; #
6 45 THIFI B (2.18 (kg - h™')) . KA
BEIHE A T ] i 5 A
#£5 XAWEBIR (5 (kg-h™")) TEEITREBE
MR KT AIEREE
- TR A-1.71|B-1.87|C-2.02
A G 595 5/ MPa 1.0 | 1.8 | 6.5




2019 4 11 AR /INTAE /NI R T DA T 5 RS il PR R A e B 5 <27 -
o S (4) BB A B T s I W
AP RR/TEEN g & No- 1 N L Ly T e A e
Tl aw%A Ui TS, BT A I T S A 5 25 A £ B
e HHEB — LS [ o e HETY b S
N pat- Koo AHRIESFET, 3 HRUAHOBEE T, AT 2%
s —v— WHFD HERIE R NREAS K, R s AL

_100%. \Y\\\.\ —« THHE
< \‘\\ ~_ :\\:\\\\t o WIEF
E 80| ™\ e T e T0°

\ T . —

5 H:/MPa
E7 ARHEEEERNEEEABEYENTL
£6 KREBIMR (5 (kg-h™')) TEEITHERBIE
SR AEREYE

i S- B HEM D-70 | E-80 | F-90
W] I 3 5/ MPa 1.2 2.2 >6.5

IS WA R BT R I M A R
TR AT G A TG K F s i i & /N g
BT A 2.02 (kg - h™") [YmEHE C, FHEER
JEIA 6.5 MPa {15 AL T BB PR IEMI ZZHE A AN/ N T
70°, XFHFE S A 6 LI B TAHE A X T AR R
T 0T BT I A R A5 5 i T R A
oL: BEHHE A R A M 7E U & T Ay AT G A
IR T /Ny ming , Hr i AR
T A e 00 1 3 R PN S e R IR B Y 35 4k
B, K TSRk G R ESITFHTIE
6.5 MPa Hi 55 .

3 #ip

(1) SREpRA LR /N TR (1 2
IR T RN e A e RE 2 7 R AR
W, B REIEUF A OHEE WHINRE, W%
AP R 55 R0, 55 HE A S0
M, AW HERIE TR, 8 RN 6.5 MPa
i, 3 PR FH 8/ B AT R S B A TCE A ROE 1
WSS RSERE , RS R IR I AR

(2) FRBRE T TR0 W 25 4fE Ay A9 2 LA . A
WA 285 /I, W6 55 HfE A B T 14 P s T PR
TR YEETEE—ERERE, #EARNE TR
T, ZH IR

(3) W S5 O A2 36T 68 55 B A1 19 52 W0 A AS R 79 1
ARSI RI RS R IR, WA R
FEAN T WA W55 HE A 5 WA R R
5, HEMIJTUR T RE s aksiig ok, FBCRE
2%, WIEHEAB TARE B — AT HME, ZWBEHi

AL /N

Thi s mE R, /N R W B 55 o
2%, MR e M E O 505 e 1) 25 i I
FHEM . WHLRUL, BIENRBEEREN TR, KX
T UL S W X i T R 0 B S A

(5) LT HE A 0T W 25 1 BE (19 52 i 55 B0 A
Fl: REETOLN, KRB BB B
WS 55 S AR 8 DR T/ NS TR AR I 5 DRI Ay B
W5 BEAT R 1 HE A e S5/ DN e B i A R R
AR R o WA T oL T, KRB A
I XS T s AR 7 PR

WA, R TR, BHR R R,
VHHE A BCR AT A n] I 577 R K TR
R MRS AR B IN R M R T 7 () ) P 57 )
TERT . RITER TO0 T AR R UEB S RO

S 3k

(1] skarm, BRIEFS, XU, S5 D928 ORI ié i
M T 25 Rp g [T]. L3S0 K A A AR,
2013, 47 (11). 1723-1727.

(2] BeAc. MR me s TR 2 00 o 1 A (B R S 38 F 50
[D]. dest: REBBERY:, 2017.

[3] 5KHE, WA Wiz Lahbliibes [M].
B Tl A, 2015.

[4] DECORSO S M. Effect of ambient and fuel pressure on
nozzle spray angle [J]. Trans. of ASME, 1957, 79
(3):607-615.

[5] LEFEBVRE A H, ORTMAN J. Fuel distributions from

Jemt: [H

pressure-swirl atomizers [ J]. Journal of Propulsion and
Power, 1985, 1 (1) 11-15.

[6] KIM D, IM J H, KOH H, et al. Effect of ambient gas
density on spray characteristics of swirling liquid sheets
[J]. Journal of Propulsion and Power, 2007, 23 (3):
603-611.

[7] SIVAKUMAR D, SAKTHIKUMAR R, RAGHUNANDAN
B N, et al. Atomization characteristics of camelina-based
alternative aviation fuels discharging from dual-orifice in-
jector [J]. Journal of Engineering for Gas Turbines and
Power, 2015, 137 (8) . 081503.

[8] KANNAIYAN K, ANOOP K, SADR R. Effect of nanop-
articles on the fuel properties and spray performance of a-
viation turbine fuel [ J]. Journal of Energy Resources

Technology, 2017, 139 (3): 032201.
(¥ 33 71)



2019 411 A

TFHFINAE WA I P i BRI P 33

HAERS, Rk R B IR E (FEARTE
1), S AL 0.01 ~0.03 mm; ik 80
(N - m) +90° B [EHFERS, FRRLILRELN 0. 14
mm, HAEEER, Wi, #2802 80 (N« m)
+30° NAVGRE 5 S

g 0.04
£ 003
R
ﬁoioz
< 001
= 001
5% 0.00

E‘Z

1]2|3[4|5]6|7]8[9]10|%

18

0.01/0.030.02[0.03]0.02[0.01]0.01]0.02]0.01]0.02]0.02

a)fT' %S $:80(N-m)+30°

0.16

EQM r/A\v/r’*\V’*‘v/’_*\‘
w 012
0,10
¥ 0,08
s
% 0.02
= 0.00

T/i

1]23[4|5]6|7]8[9]10|%

fH

0.12]0.15[0.12[0.14/0.15]0.12[0.13]0.12[0.150.15|0.14

b)f7 %2 $:80(N-m)+90°
E5 ERELATEE

2.5 EMFMIEIERSH

FEEAPRDIN T T i i ke A 3 54080 (N -
m) +225°% A 80 (N - m) +30°, HAhTFA%
SRS . X} 4 PR 5E T R IR RS T
W AATFIEAF IR, FRE A AT R kA
A, AT AT RORAL OO (I
WL 6) Flngk 1 Fis,

DL EEARR: I T TP IR 55 S
BOREE R HAPE A, BRI T K T A28
AR BRI RR R G e SRS i 5 T S
FEAR—F, W EATESR (9160,7) .

F1 EFHAILARNELTE

) i Je 0 TRA AN
520
A-A B-B C-C A-A B-B C-C
0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
: 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01
0.01 |0.005 | 0.01 | 0.02 |0.005 0
g 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.01
0 0 0 0.01 0 0
’ 0 0 0 0 0 0
0.01 0 0.05 0 0 0.01
! 0.01 0 0.005 0 0 0.01

E6 EfFHMAILNEME

3 &g

T B T A A R A T A P
A, g & PR T iRk 5 S
PR A il A SR DX ], AN BERS PR UEZ 1 T
RRE, IR i 1 R O, RATZ T 24
PRk, B ERA A —E, KK
P TR, B T AR AR

S 3k
(U] FEShRE S CE LA R BT T AR [ 5 b v 2K [
PEHLBRPERE R STBORE (=) [R].1983.

TOANONNOANEANONNOANOINENNOANOSNENNENNOANOTNENNOA MO NENNONNOANENANENNOANESNENNOANOSNENNONNOANONNENNOANOINENNONNOANONNONNOANONNEN MO NN NONNON

(_E3%5 27 11)

(9] ZEitg, BAI, FJThE, & BRTE 20 =X Py
S BT EC R [J]. KETHEE, 2015 (4): 13-
18.

[10] yute, NI, 220K, R 7708 i W5 DY I S e P A 0L A
g2 [J]. WL TR, 2018, 35 (8) . 838-842.

[11] Jelmgms, BT, Bk, . B.0mEs IS shEl
MR REE [J]. LK% (AARE
B%), 2017, 38 (1) 18-23.

[12] ESERKI, SFHE, ABéf, 5. 250 S 500 8.0 w0
W ORISR s [T]. VLOR R4 BRI+
B, 2015, 36 (3) . 271-275.

[13] THE, MEE, BT, 5T CFD [ JE ji s ki

ilatsT [J]. BR4ET., 2015 (3): 159-161.

[14] BRI, BkE, &2, 5. a8 0 B IR 3l 2
B RATIF S R [J]. AR, 2017, 38 (6):
1352-1358.

[15] SRETA, TR TR — R 55 fh ml s QA B AR 4
[J]. F1%:3=7], 2015, 36 (4): 574-585.

[16] ZEKEl, sk, B0 e 2 mE e 55 fb ek S B i 5%
[J]. ERMIBE TR, 2016, 13 (6): 47-51.

[17] k52, B EIREE T FE 7 6 7 w6 55 Ak e S e wF 5%
[D]. Bifg: Ligsci k%, 2016.

(18] Fi%, miBtZE. JE J7 e U miWh 25 fb 4 P 1) SC 3 F 5%
[J]. BlpR 5T, 2016, 16 (7): 162-164.



