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Numerical Study on Effects of Guide Baffles on Pumping Performance of
Curved Mixing Duct with a Large-Aspect-Ratio Outlet

ZHENG Zhen, ZHANG Jingzhou
(Key Laboratory of Thermal Management and Energy Utilization of Aircraft, Ministry of Industry and Information
Technology, College of Energy and Power Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing, 210016,
China)

Abstract: A numerical investigation is performed to study the flow fields inside the specific mixer-ejector,
composed of a lobed nozzle and a curved mixing duct with a large-aspect-ratio outlet. The effects of guide
baffle number (n) and outflow angle () on the pumping performance are illustrated. When compared to the
conventional no-baffle situation, the presence of guide baffles is demonstrated to improve the flow uniformity
of mixing flow in the vicinity of exhaust outlet and reduce the static pressure of secondary flow passage at the
primary nozzle exit. With the increase of guide baffle number the pumping coefficient is raised monotonically.
However, beyond n=8, the guide baffle number has nearly no influence on the pumping coefficient. With
respect to the conventional no-baffle situation, the pumping coefficient could be increased about 20% by the
presence of outflow guide baffles at the best. With the increase of guide baffle outflow angle, the pumping
coefficient takes on a first-increase and then-decrease tendency. An optimum outflow angle appears at §=78°
approximately, achieving the maximum pumping coefficient and better total pressure recovery coefficient.
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Fig.1 Schematic diagram of lobed nozzle and curved mixing

duct system

PR B AR50 SR 2, 3% ER St O
2 (dyy) 2 390 mm, W 45 B B2 (2) 2 350 mm, Hr ol
HERK (L) ] 205 mm, AR (d)H 96 mm. IREE 5
S L B UE Bl By o o, A B R A
I, B4 (d)R 410 mm, K (4,,)R 400 mm; 75
o U B, TR A A I TR A T O o U ) A [ AR
T, 3 98 BEK B (£,.) 9 950 mmy, H 1R [ 48% 1f A) <
BhRK B (A)R 610 mm, f K B (B)A 276 mm; il
A 0K E (LA 1900 mm, 58 (w) A 80 mm,
S WA S E ()M 150 mm,

——
“_<w\
— v
L Y

AN W N |
loul !‘
(a) Vertical view
%EII: MR RE=S=———0

L
(b) Upward view

K2 RaEsEr

Fig.2 Schematic diagram of mixing duct

R 25 0 S B R 3 TN, 12 AR ] 1)
Yoy oA, o B8 HAR ()R 290 mm, PR K
1 (@) 287, PSP AR (R, ) FT N AR (R,) 70 531
175 F1 75 mm, 3§ % (b) A 29 mm, I W K FE (L) N
200 mm

HOSHASEHME 4R, SHRAEFEAF

K3 A s B A

Fig.3 Schematic diagram of lobed nozzle



042 [ =S S NI S

o552 %

AR w5 4l B 5 E ORI A i HE DA
() T3 Fr B S D4R D7 1] 45 3 3 0 It 3 5 ) 2
6] 68 S 1, AR (B) R S0 R RS DI & 07 1) 5
H T 22 ) B 52 o ZEARSCOFSE b, 0 itk 1 A
a il Ry 450, B T WA R A R4 : (1) 1E p=
90°F B ZE T i B (N 1 7 8] 11 F); (2) 7E n=5
TR S R AR 450, 60°,70°,75°,78°,82°,
90°3L 7H),

an
N
Vs

K4 S5 s EE
Fig.4 Schematic diagram of guide baffle

2 HEFE

BB T3 R Fluent 80 o % T % 3 51 5 2%
(45 AE L SR FA BT FR 45 (1 7R b I 35 N-S O R
(RANS)# 178 A K il

FH AR R E S R A,
JoT I LN 6.59 kg /s, B R 860 K i1 5% B 4l
Sy, BRI N S SRR TP AR
Ak B R K 28 U 7 L 43 90 R 0.706.,0.209 F
0.085,

TESI SR A RGEBEEL T, Ry T RAIEHER
WSSV T R B IR R SR 7R AN S Rk 1 R
A RE (A5 A 5 0 BN 22 B A R i 2 pE
AR E R, B, ASCRE T 1K 5%
BS99 6. 3F1 6 m oM . & R
JE N B EE RASE 7, B 101 325 Pa, L #0855 i
J& 300 K, ¥ it i8O8 R it 0, &4 i B
WE MR A, REE A NI S T 7R
AR N U S i A AR R L 2 T ) 5 AR
FTRE B

THE B Y ) A% SR A T T 3PF ICEM #E 47 4]
G o BT IR AE RN R 5 A R R B 2% L
1 g 235 ke A kg T B, DR O SR FH 465 4 /3E 25 4 TR A
) 5 Jal 3, I T QB R W A R 5 i Be AT SR S %
Pl 5(a) 1 (b) 43 51l i 7~ 1 I8 3R 5 A % A 3 1 T A% 4]
A3 R R A TG G AR B TR TSE EAT T
) e N7 P T R 2 A RS T B B A B 2
H 600 T4 BHEA MR, M SST 4o
X7 Tk did A Y, 235 45 s v B THT R A B R A7 i
Bk o B 5(c) A Wi 11 6 FR BT 9 <3 T ) A

2 P AT DL WS I RE A T 9 g, LA A
b i IR T LIS B R PRAIE

(a) Lobed nozzle

(b) External field

T'/ K 350 400 450 500 550 600 650 700 750 800

(¢) Temperature contour
IS Jmy o 1 A I B = 14

Fig.5 Local grids and temperature contour

TS B BR S 53 1) SR A% B SR T A A A
SIRER(DO B, B R BE [ 19 & T 3% R 0.8, i
A U B A% A5 A 53 s ) O R b e O 84 Ok
FH Z B 300 AL 22 43 A 2B 1, B 8002 R B
22 M B, R 5 E R A R SIMPLEC
%o VRN RS 0L SCHk (26727 ] TEHA IS AR
o YA TR 25/ T 1< 10 I, A A IR 8K

A SR 513 R 80 (MR B 9 I it L) R &
B O REWE R o AT YERE VR, 40k

—
—_
~

o= —

m,



543

KB AR AR SR X IR P 1 R A A 5 RS R A R 5 043

R

~omypytmep,
AV PR TTR TR I 1 W 10 0 T M/ s S W1 e 1
B, g, N BT B 5, oo pon 23 91 D T U
F 5 IR A48 1R BT o IR T 24 6
JEAH -

3 HFRESH

3.1 BERAXRHNE N

55K SR FH R0 R 0 ko 20 L, e R —
FE B S E 7 (=5, =902t 17 34, K 6
FIEL 7 43 500 S TR G 48 X AR AU TRT b A 98 £k 43 A e
FE43 A, T WL TR A SRR K il F 0 iR A
e & W s s . EEFWABRT . B TS
A 3 ol B TR AR TR A A SO g S 433U BE T
i Je 8 g DX A P 7(a) i R 36 SR O B0 I Bl
Jm. ERAERORESHEA G, FRAFLMUT
W TR SO E T U R R A3 B L G 0 I 1) T
Jr AN (% T AP O T TR o AE N AT o
T T RE T BN BRI FEAMI S
SR B AU S S R R B 2 U S b
RAEF IR S = A AR X, 4n 11 7(b) T 7R o

(2)

=)

(b) With guide baffles
FI6 A8 0 BRI A 2R

Fig.6 Streamlines inside mixing duct at symmetric plane

Level 1 2 3 4 5 6 7 8 9 1011 12 13 14
p/kPa: 95 96 97 98 99 100101102103 104105106 107 108

X/d
(b) With guide baffles
7 IR AR R S 40 A

Fig.7 Local static pressure distribution inside mixing duct

at symmetric plane

Pl 8 AT 9 23 531 Sk /s 17 A AR M A 10 78 T o
JO7 T 5 | AU 38 T B R A AR o A . X T
To i AR, UL 8(a)F 18T 9(a), 72 WEAE B EE A4 51
SPF SR U AT R R T A R DX s, I
BeXF FAOR A R B A BT T R X R TIREE
T8 A8 0L i T 2 TR T WA AL Y Bl e Ak
FEIR A B SRR e, WO DT Y TR
AR JBE 3 A1 MR K 5 LT B AN R R B AR LR 5
AT T 5 | A T A R R — R R
JEE B B AR, AL, 51 55 AE 045 2103 5 .

b N

Level 1 2 3 4 5 6 7 8
p/kPa 965 97 97.5 98 985 99 99.5 100

2

(a) No guide baffle  (b) With guide baffles
B8 OMmE AL 10T ) B R A3 AR
Fig.8 Local static pressure distribution at lobed-nozzle
exit

Level 1 2 3 4 56 7
v/(mes") 40455055 60 65 70

~
o

(a) No guide baffle

(b) With guide baffles
FE19 I MR IE A L 0 ) S A E 43 A

Fig.9 Local velocity distribution at lobed-nozzle exit

P10 AL 11 23 391 O G 5 0 7 AR S 3 A
A 0 R Ui 1A% A 2 4% w4 B AR i m b
FR L BE 3 Al o ARSI T R A A AT A
G2 TR i I A< EA K o DO R Vs S W -
Bl S S R TSRS AR GE I A iR A
A PTE B ak HL T | G RE T A LA R TR, Al A
PRI I R B IR A R, S A i
F8 Il 2 7 A 5 B MR R TR TR R U A R ) B



544 Mow o o= M

PPN

o552 %

Ay S B R R W I AR L 1 AR 3 SR
Jr AT LUSR AR A IR S T AR .
. e L

Level 1 2 3 4 5 6 7 8 9 10 11 12
T/K 320 350 380 410 440 470 500 530 560 590 620 650

1.0
0.5
0.0
-0.5
-1.0

Y/d

Y/d

X
(b) 1d downstream of duct outlet

Y © W

Y/d

-1.0

5 6 7 8 9 10
X/d
(c) 2d downstream of duct outlet

BI10  JC S 3 A a0 A
Fig.10  Temperature distributions in absence of guide
baffles

Level 1 2 3 4 5 6 7 8 9 10 11 12
T/K 320 350 380 410 440 470 500 530 560 590 620 650

1.0
0.5
0.0
-0.5
~1:0

Y/d

Y/d

8 9

X/d
(b) 1d downstream of duct outlet

Y/d

-1.0

5 6 7 8 9 10
X/d
(c) 2d downstream of duct outlet

P11 A S b R A A
Fig.11 Temperature distributions in presence of guide
baffles

3.2 SRABBHORN
12 % p=90°T , 76 JL AR ) B0 5 0 1 Bk

O A M AR TR S R T 5 R T E Y R
gy Aia RS, LUK B, B S A R 3
TR R S A 10 T X L 5 | AU A T Y e )
A B A 5 Y O A R B, 2 0 R O = 7 LA
Jei o 51U A T 3 A BT 3R R AL AR
[CECR
1 om
8

HEE | 00
Level 1 2 3 4 5 6 7
p/kPa 965 97 97.5 98 985 99 99.5 100

VRS IR

(a) n=3

(b) n=7
P12 500 BOn IR A H T sy 798 8 T 23 A1 Y 52 1

Fig.12 Effect of baffle number on local static pressure

(c) n=9

distribution at lobed-nozzle exit

K13 s 1 3 i B0 0 51 59 Z F0R SR K
ARB S o A& 13(a) i s, 7R AR SO A 1Y
U R BGE A, 5 | SR AR B T T AR i
PR B B Y A, G 0 R R R AR 2% . AE
n=8 ZJ& Ak LI N T U b A, Tl S R ACE R
KR 5 TS0 ARG S ML, 515 REERTH T
20% Ze Ay o 454 T 7(b)IR A A N B B ImT R R o A
ATLLVE S0 AT DARE AR IR 658 N B AR
P L S IR O, HLBE T i B AT DA —
AR T AR . W 13RI LB, S 3 A B
XS HHR A R G R R R B 5 R R T
55 BEE S0 BEAAL, SRR E R B 95.8 %
B30T /0N e 0 By, AR Ak R AR /N o B4 0 R T A A
—J7 A R T IR A IR A R i s (H
(] I 2 25 165 00 A i 28 5 kR T A 1 e U B
PR, P 1 5% ) R AR
3.3 ERmAHOAKEME

Kl 14 2 n=5 B, 26 LA AS 6] 9 S 0 1 o 10 £
T U R RS A T X T SR A T Y
Gy Ao HG I 8 AT DL L, AETE — AR B AL
Ui A (A 5 SR AU I T S A A A
B B f=T75°0F, 2 33 R th 0 A /N (A
[=45°),Z M5 02 A RHE A 0
FAAR 2 (S WL 6(a)), B T 6T F1R A S0 Uit 2h e
T 52 me BN B S A R AR B R B (B A
£=90°), F Ui Fr W 2 5 BOR & A0 e 1AL 0 I
Eenb B O, A ER W A H AN - T
PO 2Z )



55 4 K ML A T X OB AR L T IR A 5 | S R S e A BB Y 545
090 090
0851 085
0.80 ././.,_._-—- 0.80 e
0.751 - 0.75 e "N
s 070k ./././'/ $0.70
065k = 0.65
0 0.60
’ 0.55F
0.55r L . 5 f f )
0.50L— 1 L L L L ) 0'5040 50 60 70 80 90 100
) 0 2 4 6 8 10 12 B1()
n ; :
(a) Pumping coefficient (2) Pumping coefficient
0.968 - 0.968
0.964 | 0.964
0.960 0.960 - » ———
Sy § g g g E—Eg / u
5 0.956 I © 0956
0.952 |
0.948 F 0.948
0.944
0'944 i 1 1 1 1 1 1
0.940 0'94040 50 60 70 80 90 100

0 2 4 6 8 10 12

(b) Total pressure recovery coefficient

P13 Ui O 5 A 28 BORILE R K A2 28 4 5 i
Fig.13 Effect of baffle number on pumping coefficient

and total pressure recovery coefficient

N [ E
Level 1 2 3 4 5 6 7 8
p/kPa 965 97 97.5 98 985 99 99.5 100

7 W5 Ve
<@ L\ L
V— v‘j
(@p45 (Bp60° (0TS
BILL S90S B 1o W0 P 45 £
i

Fig.14 Effect of baffle outflow angle on local static pres-

sure distribution at lobed-nozzle exit

B 15 8 7s T3 H 0 x5 5 2 50 &
WA ZB . WK 15(a) T R, 16 AR SCRT A B
RS T v R e A B N R S A B
FR 18 o 55 R ST 9 RS WIS B A AR A EE
T8 AR B RARE , SRR A A L, 515 R AR
FH2516.7% . MIE 15(b)A] LAE H, 51 R & R4
SRR S 22 B BE T O R T A A 2 A g
B JE W R BR TR O R 450
90°Z b, MR E RE N 96 % i o XIEH T
RAE WA R M R A, S8 FH A T L
A O/ Z R R B R AR R R
B LT Y R AR R S R, 2 5] R AT I R R
AT, 7 BE T BRI 7 26 40 25 X, Pl st B T iR AR Ak
JE SR IA . Z5 Enl g0, 3% Bl 2 A S A

BIC)

(b) Total pressure recovery coefficient
FI1S S0 i E A S R R BRI E R B
A
Fig.15 Effect of baffle outflow angle on pumping coef-

ficient and total pressure recovery coefficient

AACRT LA THE 5 8 5 PR RE L o mT LR R 5 4

4 &5 it

ARSCHRE T AERIB AR LU Y 10 Ak B B 50 A Y
J7 48, I R T BB B UL D7 35 0 A 5 O A ) 90 0
ERIB AR H S IR A4 51 0T R Gt AT iR sh 7 A,
FEMRLEE AT

(1) 7RiR &% I 0 3E S0 e IR a R
HESTH B 2T A4 2 S M A B 2 35, WA L 100 T
51 5 S U Y T A AT AR R B BT
BT FR B R AL, EL T AR X JC S 0 i S A —
TR BEA, PR, 51 2 AE 015 B3 5

(2) 7R R L 25 IR & 48 1 1R 3, E
i B B SO RLRE A  B R AR T A S O
F B A DU S B R SR O R e 1
Kb BEE T R AT AR AR B TR R iR R

(3) 51 5 22 WO B S 0 K i B2 B S 9 G
Ky e n=8 22 ) , 4k SL 34 Jn T I v i, 5
SF R BB K M5 TE T R IR A AR L, 5
Y RBARTE T 2000 Zed s S i RO XTSI BHR A
B WSV VSR 1aibk AR ST EC R

(4) 515 Z B BE-S 0 A 1 A B B 8 e
8R0S 4 R A L T A O 787 A ik B
e, 5 AL, 51 5T R BERTH 29 16.7 065 51
SHR A R YRR 28O0 S 00 7 A R



546 [EIS U T RS |/ A N NI = O 4 % 52%

22 B e KR I B S AU S B PR R (V] HEHER A, 2015, 36
S5 1 S 9 14 A A 1A (5); 678687,

1K sk, IR 5% 455 5 6 I EL AT LA AE — B A |5 348 LIU Youhong, DU Liwei, LI Teng, et al. Effects of

FHEIBEHRE J7 . HE— B M, ] 45 A T A R S downward-outward penetration angle of an asymmetric

RS E T S R IR A U P RS B VR R lobed mixer on aero-thermal dynamical performance of

[0 4, T 122 8 5 7 7 9 2 68 B0 38 2 ) o 3 an s-shaped nozzle[ J]. Journal of Propulsion Technolo-

LT SN 5 S gy, 2015, 36(11): 678-687.

[11] PRESZ W M, MORIN B L, GOUSY R G. Forced

5 % Tk mixer lobes in ejector designs [J]. Journal of Propul-

sion and Power, 1988, 4(4): 350-355.

(1] S HBF, VA, AhARET, 25 iR S [12] ZHANG Jingzhou, SHAN Yong, LI Liguo. Compu-
G BB LT]. o 5L R K54 5 4, 2019, 51 tation and validation of parameter effects on lobed mix-
(4): 486-492. er-ejector performances[J]. Chinese Journal of Aero-
ZHANG Tianye, SUN Zhi, SUN Jianhong, et al. nautics, 2005, 18(3): 193-198.

Numerical simulation of flow field in ram air inlet duct [13] LIU Y H. Experimental and numerical research on
with ejector[ J]. Journal of Nanjing University of Aero- high pumping performance mechanism of lobed ex-
nauiics and‘AAslAronaulics, 201A9’ 51(4): 4861:92' ) hauster-ejector mixer[J]. International Communica-

(2] Fmise, WORE, TIRE, &5 . (RHS] 5T & tions in Heat and Mass Transfer, 2007, 34: 197-209.
%ﬁ%ﬁrﬁij]j]uﬂ%ﬂ[ﬁ[ﬂ, FRMEME RS E R, [14] SHAN Y, PAN C X, ZHANG J Z. Investigation on
2019 al(%): P03o1L 7 incompressible lobed mixer-ejector performancelJ].
WANG Liyan, TAN Meljing, WANG Zhenfeng, et Journal of Propulsion and Power, 2015, 31 (1) :
al. Impact of low speed ejection on aerodynamic heat- 265-277.
ing (?f hypersonic ai'rcrafts[J]. Jourr'lal of Nanjing Uni- CU5] U L B A L PR R G
;/zr:;};lo.f Aeronautics & Astronautics, 2019, 51(4) : ST A 2T SR B SE [T]. A2 S 2007,

[3] PRESZ W M. Mixer/ejector noise Suppressors: 28(1): 52°36.

ATAA Paper91*2243[R] USA: ATAA. 1991, ZHANG Jingzhou, SHAN Yong, LI Liguo. Investi-

4] PRESZ W M. REYNOLDS G. MCCORMICK D gation on lobed nozzle mixer-ejector infrared suppres-
C. Thrust augment using mixer-ejector-diffuser sys- sor for helicopter exhaust system[J]. Acta Aeronauti-
tems: ATAA Paper 94-0020[R]. USA: AIAA, 1994. ca et Astronautica Sinica, 2007, 28(1): 32-36.

[5] FRANCOIS T. Internal aerodynamics of infrared sup- [16] BETTINI C, CRAVERO C, COGLIANDRO S.
pressors for helicopter engines[J]. Journal of the Multidisciplinary analysis of a complete infrared sup-
American Helicopter Society, 1988, 33(4): 4-14. pression system: ASME Paper GT2007-27721 [R].

[6] POVINELLI L A, ANDERSON B H. Investigation [$.1.]: [sn.], 2007.
of mixing in a turbofan exhaust duct[J]. ATAA Jour- [17] MAHULIKAR S P, PRASAD H S S, POTNURU
nal, 1984, 22(3): 518-525. S K. Infrared signature suppression of helicopter en-

[7] ECKERLE J K, SHEIBANI H, AWAD J. Experi gine duct based on “conceal and camouflage”[J]. Jour-
mental measurement of the vortex development down- nal of Propulsion and Power, 2008, 24(3): 613-618.
stream of a lobed forced mixer[J]. Journal of Engineer- [18] PAN C X, ZHANG JZ, REN L F, et al. Effects of
ing for Gas Turbines and Power, 1992, 114 (1) : rotor downwash on exhaust plume flow and helicopter
63-71. infrared signature [J]. Applied Thermal Engineering,

[8] SHAN Yong, ZHANG Jingzhou, XU Liang. Numeri- 2014, 65: 135-149.
cal investigation of aerodynamic and mixing character- [19] 53, skuf A . 25 i IR A 51 R G051 3 R & R bk
istics of scarfed lobed mixer for turbofan engine ex- B W gE [T R 5 23 AR R S 544, 2008, 40
haust system [J]. Transactions of Nanjing University (2): 137-141.
of Aeronautics and Astronautics, 2009, 26 (2) : SHAN Yong, ZHANG lJingzhou. Numerical computa-
130-136. tion for pumping and mixing performance on mixer-

[9] LEIZJ, MAHALLATIA, YANG H, et al. Numer- ejector with curved mixing duct[J]. Journal of Nanjing
ical and experimental investigation of highly swirling University of Aeronautics and Astronautics, 2008, 40
flows in a model turbofan lobed mixer: ISABE-2011- (2):137-141.

1822[R]. [S.I.]: [s.n.], 2011. [20] PAN C X, SHAN Y, ZHANG J Z. Parametric ef-

[10] XUAZ%  fL 1A, 21 4 . AEXT AR T A9 5K £ Xt

fects on internal aerodynamics of lobed mixer-ejector



5% 4 B

LA R X RTIR L 1 R 4 A | S e S ) ) B AT Y

547

[21]

[23]

[24]

with curved mixing duct[J]. Journal of Engineering for
Gas Turbines and Power, 2014, 136: 061504.
ZHANG Jingzhou, PAN Chengxiong, SHAN Yong.
Progress in helicopter infrared signature suppression
[J]. Chinese Journal of Aeronautics, 2014, 27(2) :
189-199.

FEIEIN , sk, BB PO P I B iR S
OISR AR 2 B [T]. A28 3 1254, 2005, 20
(6): 978-982.

TANG Zhengfu, ZHANG Jingzhou, SHAN Yong.
Investigation on ejecting and mixing characteristics of
lobed nozzle with curved mixing duct and slot exit[J].
Journal of Aerospace Power, 2005, 20(6): 978-982.
JEIER, TK% RS 51 5 e 3 T Bk 9 20 S
il s REPE AT T [T ], W s 28 K K224k, 2007, 39
(3): 288-292.

TANG Zhengfu, ZHANG Jingzhou. Flow and mixing
characteristics inside infrared suppressor utilizing noz-
zle ejection and rotor downwash [J]. Journal of Nan-
jing University of Aeronautics &. Astronautics, 2007,
39(3): 288-292.

JEIENT, dRE A, £, L AR S RIS —

[25]

[26]

WAL LA A S5 2 A [T ] 0 2s 8 1 241, 2007,
22(2): 233-237.

TANG Zhengfu, ZHANG Jingzhou, WANG Xian-
wel, et al. Experimental research on infrared suppres-
sor integrating the exhaust system with the tail part of
a helicopter [J]. Journal of Aerospace Power, 2007,
22(2): 233-237.

ALV, sk A, B 500, 4 ETHPLG DL 3
A1 25 B B PERE AR BT[], 2040 5O TR L 2011,
40(11): 2091-2097.

REN Lifeng, ZHANG Jingzhou, WANG Xianwei, et
al. Analysis of stealth properties on ir radiation sup-
pressor embed inside helicopter rear airframe[J]. Infra-
red and Laser Engineering, 2011, 40 (11) : 2091-
2097.

PAN C X, ZHANG J Z, SHAN Y. Modeling and
analysis of helicopter thermal and infrared radiation
[J]. Chinese Journal of Aeronautics, 2011, 24 (5) :
558-567.

PAN C X, ZHANG J Z, SHAN Y. Effects of ex-
haust temperature on helicopter infrared signature [J].
Applied Thermal Engineering, 2013, 51: 529-538.

(¥ RER)



