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176k Bulk Carrier0i| CHSt A7 EfRIO| Pre—Swirl
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Development and CFD Analysis of a New Type Pre—Swirl Duct for 176k

Bulk Carrier

Gwang Yeol Yoo * Moon Chan Kim' - Yong Jin Shin - Irok Shin + Hyun Woong Kim
Department of Naval Architecture & Ocean Engineering, Pusan National University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/oy—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

This paper shows numerical results for the estimation of the propulsor efficiency of Pre=Swirl Duct for 176k bulk carrier as well as
its design method, Reynolds averaged Navier—Stokes equations have been solved and the k—epsilon model applied for the turbulent
closure, The propeller rotating motion is determined using a sliding mesh technigue, The design process is divided into each part of
Pre—Swirl Duct, duct and Pre—Swirl Stator, The design of duct was performed first because it is located further upstream than
Pre—Swirl Stator, The distribution of velocity through the duct was analyzed and applied for the design of Pre—Swirl Stator, The
design variables of duct include duct angle, diameter, and chord length, Diameter, chord length, equivalent angle are considered
when designing the Pre—Swirl Stator, Furthermore, a variable pitch angle stator is applied for the final model of Pre=Swirl Duct, The
largest reduction rate of the delivered power in model scale is 7.6%, Streamlines, axial and tangential velocities under the condition
that the Pre=Swirl Duct is installed were reviewed to verify its performance,

Keywords : CFD(TIAMRH|EED, Pre—Swirl Duct(MFE1HEE), Bulk carrier(A=4), Propulsion performance(FE144s), Energy saving device
((GIEINRESEIPSN)|

1.ME

ZZ2 M MAMcZ X[F2:t5r 22X 7 A2 R w2} st
4 Met 7|£0]| (green ship technology)oll CHet ZHlo| =ox|1
it =2H| sHAP |- (International Maritime Organization, IMO)o|
M= x| 28 MA X|=(Energy Efficiency Design Index,
EED)E MEs10{ A= 2 7|&E 28 Mulo| O|MSEH: HiERFS
THAstL RACE olof| w2t M MAXMoZ EEDIE A7 7] fIst |

Zone I1I | Zonell
0{3] 71x| eets0| ks AFEOX| 1 U2, 1 F of|LX| I I
Fig. 1 Zones for classification of energy—saving devices
(Carlton, 1994)

Zone I

XMzt ZX|(energy saving device) & F&610] FR2g IIME &

SFEEDI 2 RIS 2l= 7|E dvh 2es| Tid Sof ik

Of|L4X] XMzt &x|= &= IX[of| w2l Fig. 12 2o 3H| 37| x| 2 thFHo 2 MR IH I (Pre—Swirl Stator, PSS), a1
ojodoz 225t 4 QUCKCarlton, 1994). Zone | 2 Z=2H o HMAE(Pre-Swirl Duct, PSD) S0| siE=ICt Zore IlofM= =2
Zol| XI5t ZZ2ER{o| RUFE 7IMs5I 282 S7/H7I= Hz| Xxf|o| gdako| Bis} 2! 3|M|LXIE sk 7HHo R 28
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2 Z7M7I0, HEsHe=z MHF§|7‘1HE*’”"E1(Cor1tra—rotating
Propeller, CRP), & &llo|3 Z=222|(tip rake propeller) S0| U P
Zone lll= Z2HE TF7E JHMAIZ|HLE Z2E 5{=0] &
Mot o2 bR (Hub vortex) & LDAIZREM =Xl 288 &
AL AIZ 4= Ql= Ax|2, H[CHE E} (twisted rudder), )

(thrust fin), E1E‘| tHI='(rudder bulb) E0| Qict,
2 2 CIE1 Qct olfet
MRINHEE= ‘3.59} 7‘1%— _T'_“'-L7H7P Ao YElE 7K,

HEo| £ 5l UM Bofot MFIEIIN| BFLR]| 25

o| FIE SAloll = Fx[o|ck

Jeut 2|20 Mkl M :
Z0| 5E9| 37|& £0|1 MRIMDHE IV sk S Citet
o]
AA

salo| MDA E| Je D

st Ho=M HEQ| LR} 2|Fe| R4 I FEZte| Xfo|7}
2 PSDe| ARoll= Z+ eidollA MAEX| 28t #k5ZHangle of

attack)= 712 7ksM0[ Uk

oloff 2} MEATFOIA Song et al. (2013)2 ¢ ZHFHS
IHMAIZ|7] 215104 Fig. 49 20| HEES AR QXA AZHG
o| PSDE MAI5IFC} 5t CFDE 0|235101 7|& Typel} 7
F=ZHuniform flow field)ollA] oM A7 | = HEIA 37| 2
A, MM SS HIWSICE J2{uf ol YR =Z0lA
ZlgE od7tolct,

N\ _

Asymmetric
Pre-Swirl
Stator

Pre-Swirl Duct
Fig. 4 New Concept PSD (Song et al., 2013)

£ A70M = MBI EQ! Star-CCMHE 085104 AFehAlElo|
AN MRIMHES| 235} 75 FESID, TR 37K
A = HEQ| 37| 3 MR dhag2)
S 74710 dAHL, ds ¥ AsHRoAM 2] 7S H| oK
Ct SMz, 5EE Xt 752 14510 YPuR| MR
£ z|&3} 5190, MA giE 4.2Z0] 7|Msiict
M2, CFDE 085104 HE9| o HpZZ Felzts 245!
0, HtAYE HskE|x| MF oA (variable pitch angle type
Pre—swirl Stator)& MAISIL, s ¥ RSSMS E4AsICt
2lo| 371X 2tE g Sl 2 ATolMe E8X2l AiE MR
HAEof| g JHAMAE HAISIICE

£ Mo

X

=

CHAMSE2 176k buk carriero|Ch CHAMMS T 2Ee{o| Q
QE2 Table 1, Table 22} ZC}.

Table 1 Principal dimensions of objective ship

Designation Ship Model
Fig. 3 Modified Becker Mewis Duct Scale ratio 45.28
Draft 16.50m 0.36m
TELl 9] 271K MEDNHES MEDNIT} ok 97| Length between per. 282.20m 6.23m
[[H_'_OH I:-lEOl 7}_._ ﬂﬂl'% %P5H SEI-—JI: S\)/!—D:L E!E—Q" él—l-jHjl' Length of waterline 286.75m 6.33m
Bite GololA B WEAT} SHyslo] 822 MU 5 9 Breadih 4.00m 0.99m
2
O} tek 3K LM E|x| MEDEDH(constant pitch angle type Wetted surface area 19235m2 9.38m
Pre-swirl Stator)7} 85/0f X7 2IOL, 0f:= HZie| B0lAE Block coef. 0843
374 CHStRMSte| =2 E! X 56 H M 45 20194 8¢
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Table 2 Principal dimensions of propeller

Designation Full scale
No. of Blades 4
Diameter 8.150m
P/D at 0.7R 0.705
C/D at 0.7R 0.291
t/D at 0.7R 0.016
Hub diameter ratio 0.172
Propeller section type MAU

3. x| siY [

3.1 RIHLEA 2 o4 7]

o1 =X

A MRIMHES| FAME S Eolsp| flsl Ha
ZEQ 0] Star—CCM+ 11.02 version2 AFESIAS
CHE fa9 X Al2 odK8H AT Reynolds averaged

Navier—Stokes equation2 AFE5IH 20 ch3nt o] ESHECE

o, HIEY

o0

ox; =0 W
ol oU,  » 9 o] 2/ —

p—r Ly = (p—"= puw) )

ot P ox, ox,  om oz,

X|ujer Al = REkM & (Finite Volume Method, FVM)
2 0|35t 75i ey, HREHE k—¢ modelo ARgsict
HHOA & Rl AXE7IX| e EXFA7E], y 0oz MANGH

Qict.
3.2 A = & Axt 7o

FAMSS Eolsp| sl ool I Apeh oA AHldks 3
si3on], Iy Aol MALZT 0.917m/sollA AlrS =34
SICE siAdeie| 37|= LppEs 7IF2R Fig. 52f 20| 4%s
o, Z56t 72| 5o 7071|7P FSollMol| deks FX| 2
5 siFodch I™E 2EMoll 750] 23 S0t AT
AT 5P| l6f A= Inlet, Top, Bottome velocity

inlet, Outlet2 pressure outlet, Side= symmetry2 FAM3IQCt

AKX M e Fig. 62} 7|-0|;|;| 2£0| {5} ALY oz =2
Aoz ofAlE= Mg 3! Mo|Rof| HXIE ZLUSHH MMeFR1
C}. MxX2l AXL= E2|H ZXKirimmed mesh) 2 MM FAS
of, ZAXfe| F7|7F M AHol|lM SHsHH HEksHK| A MAMs)
FoiCh ZTZ2ER 5|MPA2 Ci2te X polyhedral mesh)i Ay

Star—CCVHOlIA M| Z5H= Prism layerS 0| 83513 2n] #Hoz
FE 2otRSIIR| 5T ™AL ZolX|= Ag 1250

i
N
ot

7
el 2717t HHMBE HMAF HX|=E FAsiFACE ES
Prism layere| M& A| 4Pt 385 7 PXIE HHg w2t AN
o= FMET| tfZol| TxIshA sie MTE =0l= 2Pt U
2 A2 2olc} Prism layere & 77l y+= 2 6022 M5

al.

Ch 2 AF0M ALSE AXFMe| AEE 2Ish Song e
(2013)0llAM TS =|QUE MEAE ZTtet 2 Ao ALk
CFD Z1E v|wal¥ S uf 3% o|Tte| xlo|7} L= ZHE =fel
onq 0|2 HiEto R & oiTlo| HAILAMO| AMEtsicin mck
Ct. 2&AS DL CFDe| ZAok= Table 30l LIERHRACE & AR
= CaseE2 =34 Ci20 2f 450THofA] 50022 Alo|=2

TSIt
3.0 Lpp
I-M

'—¢—
-

ol |'0I-

—_

%

>

f

Qutlet
} Inlet Io.s Lo
2% 15 Lpp
25 Lpp

Fig. 5 Computational domain and boundary conditions

enerations of 176k bulk carrier

Fig. 6 Grid

«Q

Table 3 Comparison of resistance between EFD and CFD

Msjmozm el @ﬂz%% TR} Biic) 8k S0] 2 EFD CFD diff. (%)
e RTM 109N | TBAN | 2%
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4. oflX] MZ ZFxle| dA H x|

oA Zxt
= AFolME HE MFIF DN Aolet BN E TR
PSDE z|Xafshy| 2lofl 2+ x| & HAHE ZYSIUCt 732
SETAMol| SHi| Aoz ARol flxlet HES| HAE UK
OF ZdWsIon, X5t & HEE Xt RS =AMl TRF
TN MAof o|ZSICt.

4.1 S| MA| L /A 2T}

Table 4 Dimension of duct 1

Diameter | Chord length| . Upper ) !_ower
incline angle | incline angle
0.135m 0.066m . .
(0.75D,) (0.37D,) 12.49 8.49
Table 50l= CFDE 0[85101 sl A5t =V | mHo| XIetMs &

LS HELn, XS | sl 271K] 31HE HESHo
TSI LM S 0[&8510] ZHSIUCt Akl Aol AkgetR

= 6.52et6, Fn= 0.12, FD= 6.24N OIch Fig. oll= Las ._Jdl
oMol Funt HEE FAISI0S e e LERAACE

I

Table 5 Propulsion performances at w/o and with duct

= AAF0lM ALSS HES| BHH2 Fig. 70l LIERH MARIN's case |
Nozzle No. 19A0|cC}. w/o ESD (barehull) | with duct case 1
Resistance 18.65N 18.99N
Thrust 12.49N 12.73N
A Torque 0.251N‘m 0.259N:m
E RPS 7.86 8.02
1) PD 12.39W 13.05W
Wb e e 5 sk PD diff. - +5.20%
Fig. 7 MARIN's Nozzle No.19 A
HEQ| MAH= HEQS| 24, 3=Zo|, T12|11 ¢ ofelf ¢t ‘
09| 74Apko§ MASIICE 7|F0| El= HEQS| AAS AXNs |
7| 25 LM (Barehull) AEHOM 2| BEREXZE SRIGHER}
0, Fig. 80l LIERHQICE 2 170l ARSSH HE= JIBE E0| .
7| 2ol HEIF ME ol fIXISIEE 27| A2 BHEINe _ SN ) "[_
0, E ARSIl ZAR2 Song et al. (2013)0llA ARSI N — z ‘.i
w2 O|Z3IRUCE Table 40l case 12 HEQ| M2lg 28 AH Y E \_\:‘\J—/' = !

2 LIERKQICH ZHARZES Clodo] maiEol v Ajo|o| 22
SiAct

0z
1o

Fig. 8 Wake distribution at 12knots

(a) Barehull

(b) With initial model of duct
Fig. 9 Streamlines around a stern
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Fig. 9(b)ollA LIEK-H A Z00] duct case 18 F&HsH <

S E slEollA] la|EAlo| Rizap Wiisks 22 B 4 lon =
DMl MHER ZoiollA 50%2| ZXES ZAE Boldt 4 |
QIRICH 0|2 HiEto 2 HEQ| AlsHofMe| HARZIS fE7t & 's
Mg S5 Mxsjo} shcin wcror&'om 0% 48Ho| AT A
£ Z7|xo2 RISt Case 2= HI2|3HAIS Z0| DA} 58
AAZES BIIAFHFION, case 3= I1I7£|FEF7P o PEE oY
Mg 1e{5i0] AN Aol 37|17+ Mewis Ductet FAFSH (a) Case 2 (b) Case 3
T8 AZn 2=Z0|E E04FUCt Case 42 5= case 30| — ~ S
OfX15| WSS S SHALS QIO IR} AISHE ZAIZIS ZHEIY = =

X|gt 2 X{0|S 2O[X| 42t 2t caseollAfo] X212 Table 60 | al |

LIERA20], Table 70l 2t case2| AtetEolAMe| FE&sS (Y 'Y
LIERHRACE,

Table 6 Dimension of each case of duct

(c) Case 4 (d) Case 5
. Chord .Upper ILovyer Fig. 10 Streamlines around a stern with each case of duct
Case Diameter incline incline
length
angle angle 7
0.135m 0.066m . .
Case 1 (0.750,) | (0.37D) 12.49 8.49 L]_ .

0.135m 0.066m Velocity X

Case 2 (0.75D,) | (0.37.D,) 12.49 13.49 09
08
Case 3| -11m | 0:05M o hge | 13,400 o7
a%€ 2| (0.63D,) | (0.31D)) : : 065
055
0.113m | 0.055m 05
035
0.113m 0.055m 03
) : 025
Case 5 (0.63D,) | (0.31D)) 13.49 156.49 835
AMAATE 2 H1}, 2.8%2] FRES A&5S 22l Case
3E X HEZ MYsIan], 2 HE FHolMe| Rug 24
sto2M duct 101l |5l OftH s | AZH=X| ERI5IHoH, Fig Fig. 11 Wake distribution at 12knots with duct(case 3)
100]| LIERHRICE. trdt %M HEZ MASCase 32| HEZ £
=519 Alo] WHREES Solsiond, Fig. 110 Liskhoich 4.2 Mol 4 2 TABAE
2 ATOME JISHES BABIGIOL HER oI5t HiRAS)
=1

2l §52 0 LAl oz Holr), £ uisk S4o0| 22 ol HMRIYNe| MAHS= IFEAAU|(c/D), HHIE=H|
Z2HE2| 23210| HAA| =3leH, HE Y& 70| dst & (c/fo), =AY
Zio=z olsf =XES AS0| QU Hoz Holct Shin et al.2 M

o G
i
ﬁ
Jol
gl

Table 7 Propulsion performance of barehull and each case of duct

Barehull Case 1 Case 2 Case 3 Case 4 Case &

Resistance 18.65N 18.99N 18.40N 18.28N 18.38N 18.29N

Thrust 12.49N 12.73N 12.16N 12.05N 12.15N 12.05N

Torque 0.251N'm 0.259N'm 0.245N'm 0.244N'm 0.246N'm 0.244N'm
RPS 7.86 8.02 7.87 7.87 7.92 7.88

PD 12.39W 13.05W 12.11W 12.05W 12.25W 12.04W

PD diff. - +5.20% -2.31% -2.80% -1.12% —2.77%
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A7HE ElRle| Pre—Swirl Ducte| 7Hg¢

2! CFD sl

ATE FHSICE ME EH SHLRE 7|F0=2 FT=AAH|, A
HIEH|, FARGH|E 11Xt BZRS Sl 285100 2 AT
oAM= Case 39| HES |
2 510 HMes ZHs
MRDEDH lLIJ‘CI7 Hop|elsh 2=HH OIEO 7|8
2 oo Z2de{et MRIYEIN| MAS 77| £TE 124510
H=2 AARE SIEE Tz =0e PASTA(Pre—Swirl
Asymmetric Stator Analysis) Z2 M-S AFZSIQIC} PASTA &
2OWE HIRAIRE 3610 P2 BRE B2 21X DM
MIAE st H2Z KRISOMIM &=l oAd=0]| 2fsl 7Hek =[O &
Z203o|ck(Lee et al., 1992) & o470l M= CFDsiAM S Salf

1st

2nd weeessmmu ] th

X Looking upstream

3rd

Fig. 12 Definition of blade number on looking upstream

A2 HERE 0|835I9 20, AA| Case 32| HEE &I mf OF | —=— 1-stblade
of uiRE elaigtoz siFic LE | = S
el eSS TE6IH 2t DAl eEE U} 2t i HERIRds
XA =l e 227 |2A Wil Z2le %6@ Moz 4
Eoiop| ni2ol | G I M5 8IDE S UckGhnet 5
al., 2016) :| E
PASTA ZETJM2 I'E Olo| A3sh= 57} WSUSE EFist D 8
of 3 O AuHoZ BAE 4 JIEE SCh Szhwezle] < |
JHele ofzlet Zict i
12
r i
:(QWRVS) R _14:‘.|‘.,.|....|.‘.l|.‘.‘|...‘|..‘.l..‘.l.l,.l.‘..l
0 01 02 03 04 05 06 07 08 09 1
e R 2G , , iR
Qequivalent — SN (E) =sin T (4) (a) maximum equivalent angle: —13°
Salv)
i —=—— 1-st blade
0i7|M G BAKIEH 2 B3Rl0I, us 22 RUSE, o OF | o Sraviece
FEZO|E 2fo|sict MIIP—‘% 85109 2 Zolol| Zel= (o -E 4-th blade
St EEZI0] —13°24 —12°7} =| =5 5101 2+ HoHol| 2kEsk= | -
o} S51S SR Ko, 2013) oo e S w mix B 4T
242 Table 97 2254, 24 ble] is'm Fo. 1o LiEhet B of
Ch 5 gk & 37+ BhsZk2 Fig. 130f LIERARICE o
< -8
Table 8 Pitch angle of each blade of Pre—Swirl Stator _10:_
Pitch angle
Position | maximum equiv. | maximum equiv. -12:_
angle: -13° angle: =12° T T T T
1st blade 45° 19° 17° 01702 03 04 05 06 07 08 09 1 1
2nd blade | 90° 22’ 20° (b) maximum equivalent angle: —12°
3rd blade | 135° 18.5° 16.5° Fig. 13 Radial circulation distribution on the Pre—Swirl
4th blade 270° 11.5° 11.5° Stator blades
Table 9 Geometry of Pre—Swirl Stator
r/R 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1
Chord/diameter 0.188 | 0.172 | 0.168 | 0.162 | 0.156 | 0.150 | 0.144 | 0.139 | 0.133 | 0.130 | 0.127
Camber/chord 0.078 | 0.080 | 0.077 | 0.070 | 0.062 | 0.053 | 0.044 | 0.035 | 0.025 | 0.019 | 0.013
Thickness/diameter 0.037 | 0.035 | 0.033 | 0.030 | 0.026 | 0.023 | 0.019 | 0.016 | 0.012 | 0.011 | 0.009
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Fig. 140l1S £%i5} & =t MR IHDNE 2okt 3wl
case| PNU PSDE CHAMIO 513t BAKS LIERIRICE TR
Mibliot Z2EeIe| 21242 0.25Dp0I0 HFDHLHSL =
= Song et al. (2013)2+ Zo| HFEE7H2| 0.6RMAMS| 2=
olel 10%7+ HERITE IXIAZCH

o |

Fig. 14 3D Modeling of case 1 PNU PSD

= o

Zt case 2| PNU PSDE F&t6101 XfafoliAlg =31510] Xiak
oMol FRMSS felsiiond, Table 1001 LIERAACE LF
M| Aot H|EIH S 1 case 22| PNU PSDE £2&H51%2 [
7t Met=2] =HoM 2F 5.9%2| F£XIRE AS0| UAct X
HEDE B 4ot H| WIS I 2F 3%2| FEEE 450
UA=H Ol &olsp| 2o Z2H{H Hi2 AFXIE(just
upstream of propeller plang)Me| FEREZE SRl Etond,
Fig. 1501 LIERARACY.

0

Table 10 Propulsion performance of barehull and with
each case of PNU PSD

Barehull With With
PNU PSD 1 |PNU PSD 2
Resistance 18.65N 19.09N 18.89N
Thrust 12.49N 12.85N 12.65N
Torque 0.251N-m 0.250N-m 0.246N-m
RPS 7.86 7.53 7.52
PD 12.39W 11.80W 11.65W
PD diff. - -4.7% -5.9%
HMEDHDN} F712 SAE e HEB SRE F2o v
sl nEHe| fixlofM Z=HE|o| s|Mdreknt Hit=| = Hreko|
FS0| & HAEE %2 HIF £ QRloL BN o K&
20| wste Hg Slols 4 I3ick olet 22 EHES Tlofst
7| 2feh MFOYEINe| 2t Pl FHO| IEFES SRIGHEUS

(b) with PNU PSD 2
Fig. 15 wake distribution at just upstream of propeller
plane

Fig. 16 (a)= HE LiFoll Azt 2} Z7olirie] =74l 7u
= HEiI2n, Fig. 16 (b)olle HE 27l fix|et 2+ Z7Hoil
Mol ZRAel Mg LIERNRACE A Fig. 1101M Ek=0[ H

HE WfFo| 750l o] iAoz =0y
MolslRolM 22ts MRV aUE FXI=7| ozl &2
T|x| 2ol = 215t Fig. 16 2 (a)2t (0)XH ClE F=siat
I3 o

Hol= AS &olgt = Urh (a)2] B¢ HEE At 730
PN
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£ x|zt d¥e = Us Hahx| YRDEHE HESIA
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Table 11 Radial pitch angle of each blade
r/R 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1
1st 17 14.8 13 10 7.5 5.3 3.5 2 1 0.5 0
2nd 20 17 14.5 10.5 7 4 2 0.7 0.1 0 0
3rd 16.5 14.2 12.3 9.2 6.5 4.2 2.5 1.3 0.5 0.2 0
4th 12.5 13 13.6 14.7 15.8 16.9 18 19 20 20.5 21
Fig. 1701A & = UX0| HE UFollMe= Rl Hept
2 diHo|| 2RollM= szt Hapt a2 A S =ole = ULt
b= b w3t RE hlol 5i=olMe] REZ0| of 300 Hoks g &
e SR Qlet == l=H| ofol| RS mx[Ztg My 49 niEst nlx|2e
E S —= Z olsll MEEsHo|M S2lgh 4= Ack OZ7| o 20f =AM Q|
. A|ch mx[ZH2 PNU PSD 20f| &gst mjx(zto2 Msksigict. w3t
BE 2ble| BoiMe] f32t2 2F10°~15°2 AUS slelet = l=
ol olofl 28| TX|ZtS MEE AT S| LX[ZS 20| 2 £ Ut
Ol= Il 2 M0l Y93|lM R MM ui=l= sis
0000 20000 Velaog% Magnl(ude (m/s) P eo00 Y0000 Ol:jlsl'EE |—'— -lexl % Oo x1|§3ﬁt+ 7—||- LéI-7H9' Hn_l-jo:l té I"l
| X|Z+2 Table 112} 220 Fig. 1801 J22i=2 LIERHQICE 4H
(@) Inside of duct DH= 1 03431 2] EE %02 20| 22kF0P} 3P| Tl
off XZH 22| xfo|7} Hith=El= {2 elet = UrCt
g
\J ‘ 30 ——=—— 1stblade
g - ——+—— 2nd blade
- - ———— 3rd blade
é\‘ o« 25| 4th blade
/ [
L= gof
o [
S 151 \
T |
=
0.00000 0.40000 Vs?o‘é%" Magm(ude;%) 1.6000 2.0000 % 10 -
s |
(b) outside of duct & L
Fig. 16 Local streamlines around a Pre=Swirl Stator(PNU
PSD 2) ol
_5: PR TR RRRI SRV SASI R
30 ——a—— 1stblade 4] 0.2 04 0.6 0.8 1 1.2
- ———— 2nd blade rR
25F ———— 3rd blade ; . ;
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