Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 27, No. 2, pp. 369-376, April 30, 2021, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2021.27.2.369

948 Ring Stator A A 2 A5 A+

* PTad — | kEx
BED - HEYT - Y2
* AU SHE A GT T UpAbg, e ol wstefoha A AAYG W, e FAbiSh 248 TS

Design and Performance Analysis
of Ring Stator for Crude Oil Carriers

Jin Gu Kang - Tae Young Byun**Jr » Moon Chan Kim™"
* PhD Candidate, Department of Naval Architecture & Ocean Engineering, Pusan National University, Busan 46241, Korea
** Professor, Divison of Mechanical Engineering, Dong-Eui Institute of Technology, Busan 47230, Korea
**% Professor, Department of Naval Architecture & Ocean Engineering, Pusan National University, Busan 46241, Korea

2 oA AAYSE B TAZE A A7) T-2] IMO(International Maritime Organization)ol] A= ©]AFs}EH A ] &322 T H 2|4
¢l EEDI(Energy Efficiency Design Index)& "5 A2 HxEH = AvrEd tid 415 A&sta vk 2 Aol e 158k A28k 9
APt Zwde] $HE 248t M2 Fule] A A FAQ ring statorS AIFEATH HZo] MurE e W{IF H2 S v E-
%io] e FEgow WHE glo] YEZF 3 ESD(Energy Saving Device)= A <H|thdelgt e Aol d Al 4-8317]7F o gt

Aol 4] AIQFE ring statorts O] 3 J& st Aol /NdE FARA A3 de T W ok A Ase] HirsE HxR
A 74] 7183}t Star-CCM+9] -8 2 13§ -8-3lo] CFD 314 & &3l AAIS ring statore] 35S Ak HF AA e AL
of o3l oF 34%2] % && 7H4‘_ §_3’+7]' A5s Gstaint. A A E ring statorol] gk AP Ao vl & FH A AF5 H Bk A%
2 HAgl] g A7E F5F T Aol

o

HAEO @ oA BE A, AFA A ZA, AR, F0 A 25, A

Abstract @ The International Maritime Organization has developed the Energy Efficiency Design Index, an index related to carbon dioxide emissions, to
enforce regulations on newly built ships. In this study, a new type of energy-saving device called the ring stator was used for 158k crude oil carriers,
whose hull form was developed as a very thin after-body hull to reduce the resistance by delaying separation. The Energy-Saving Device (ESD)
particularly involving the duct, is not adapted to the thin-after body hull form-like container ship. This new ring stator was developed considering these
characteristics. A parametric study was conducted through Computational Fluid Dynamics (CFD) analysis using the Star-CCM+ program, and
approximately 3.4 % improvement in propulsion efficiency was achieved. Further optimization investigations and experimental studies should be conducted
in the future.
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Fig. 1. Phases for reduction factors of EEDI (IMO, 2018
Programme of follow-up actions of the initial IMO
strategy to 2023).
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Fig. 2. Domain and boundary condition of numerical analysis.

3. M BM I AM AT

31 oidd % Tz

2 A7) tlidde 158k P2k o]l 2 2= KP8Ss
olty. AL = 15.7knots, FEH|= 32.82 23 P A X9
3 Al Y-S Table 17 231 372 Fig 3o YEpHATH

Table 1. Main dimension of target ship

Length (m) Breadth (m) Draft (m)
Full 264 48 16
Model 8.05 1.46 0.49

o [

Fig. 3. Configurations of target hull and propeller.
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Table 2. Comparison of resistance between EFD and CFD

VS (knots) D EFD (N) D CFD (N) Diff. (%)
14 49.93 49.95 0.04
15 56.81 57.06 0.44
15.7 62.09 62.38 0.47
16 64.47 64.68 033
17 72.70 72.93 032

W, = 0.452 (EFD)
Fig. 4. Comparison of nominal wake between EFD and CFD.
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Fig. 5. Comparison of nominal wake by ship types.
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Table 3. Comparison of self-propulsion analysis results between

EFD and CFD
EFD CFD Diff. (%)
Self-propulsion RPM  470.4 471.9 0.3
Thrust (N) 40.4 41.7 3.1
Torque (N-m) 1.29 1.29 0.0
4. Ring stator &4
Ay Aol A AHYAAS didow 7f

AR 147 34 (Shin et al, 2016)



A9 & Ring Stator 27 2 s A

HES frAREE €9 7 Z(ring)
£ A&l 27 dirad el 732 Fig 6ol e
J

A g5 o0

o
=
AREE 38 o] B Fig 79 NSMB Nozzle 19A @4

o] thAabAel 158k Df-HbAS
AEo] SHAA = 176k AHA sHEM9F 5dg ALn oA
of aiFsAIRt HkFe] &= B mEA< Aeoly Mzt
frAksteh & AFelAE oleldt 5A4& whdste] 71EHE
g2A HeEeE #3y Fxo 3= ol 2 FAE His)
ste] FrbEo] o3t g S Folal nEI)e] EollA
HAE Thsde]l & RE AT RHoR 3y FxE
Agaiolth. 5 o] 3= ol ARuAE N I
2o 1= Aolo} U st AFagEet FE 7=
7 Mg A QAR =S AASIT 83 Fxo] wx] 7t
A9, 7t AHdl B2 CFDE Fal E1s A fdhEs 1y

ato] A a2tk o= Fig 8ol LERNSITH
5.5

Ring stator= AFuAENE 3

i olg Fal AdFagdie] ey

- =
g TR A% I F o A ZHE SAY 95
ATh B3 3y 2o PFAo] I FEE FIHA
7 Qs vl %7 AFAAGNYG YES J|Fow
BE caseD AAS L WFEES =AY AgadTE A
R A=o

Fig. 6. Designed asymmetry pre-swirl stator for 158k crude oil
tanker.
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Fig. 7. NSMB Nozzle 19A.
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Fig. 8. Explanation of determination of angle of attack of ring.
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Table 4. Geometry of ring stator according to radius

/R ¢/D it t/D

0.20 0.1771 -0.4088 0.0368
0.25 0.1741 -0.4052 0.0351
0.30 0.1711 -0.4013 0.0333
0.40 0.1652 -0.3919 0.0299
0.50 0.1593 -0.3801 0.0264
0.60 0.1534 -0.3648 0.0229
0.70 0.1474 -0.3439 0.0194
0.80 0.1416 -0.3142 0.0160
0.90 0.1356 -0.2676 0.0125
0.95 0.1327 -0.2331 0.0107
1.00 0.1297 -0.1853 0.0090
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Table 5. Pitch angles of standard pre-swirl stator

No. blade Position (°) Angle (°)
Ist blade 45 2
2nd blade 90 8
3rd blade 135 3
4th blade 270 2

4.2 Case study
41004 A% T+ case% = case 2, T
= W3S case 3, ol A 2]
vl oie] dgntE S 818kl case 5904 7-}7—}9] iREs
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7V E&o] £ case 52 LA V|E 5
A7hs 24 Aess &<l
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ring stators UEFAT} Case B & &2 4.3] A3kt

Table 6. Cases of ring stator design

No. case Ring stator
Bare Hull -

Case 1 Standard case

Case 2 Diameter effect

Case 3 Chord effect

Case 4 Number of blade effect
Case 5 Combine (case 3+4)

Case 6 Pitch angle effect (Eq. angle 12)
Case 7 Pitch angle effect (Eq. angle 15)
Case 8 Pitch angle effect (Eq. angle 16)
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Fig. 9. Configurations of parametric design of ring stator.
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A F-E9d 4 Ring Stator A 2 A5 A+
Table 7. Pitch angles of case 6, 7, 8 -
No. blade Case 6 Case 7 Case 8 610 F f e E e ftc e et e e e e,
Ist blade 7 15 17 E C 1 3.40%
2nd blade 17 25 27 € 600 :
3rd blade 11 20 22 D.D i I
4th blade 8 16 18 590 V
5th blade 2 9 11 [
6th blade 4 . 13 BareHull Case 1 Case2 Case3 Case4 Cased Casef Case7 Case8
Fig. 10. Difference of delivery horse power.
4.3 $x5A 2T}
Table 82 X3} Hlusle] 7} case%-% Ry ddnt=E s 52 2
ol ke, el w AgvlEe) A9, AuHel vug 9 '
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- o] [e] [e) =
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1% A A 05% SFato 2 038 2= B AL 3kl e Gl Eoll B8 FF2E A3 N2 duA A F
T 5 otk 2 Ael® case 39 TE o] WS ringe] |9 ring stator /P AYSAT. Al Adee] At fE
AG gart 22 GE SUNA fE AS oy 5 g TS A 2R FASAAL, D A S T =2
oh 97 S 67Ol case 39 HE HolE AL case sl BT FHE LA ring statorE Ak S QTS el
Agele SvelA o 2%e] FNEE P Ave gy ST
S otk AFH 0T ase SN SAAZES 1500 2 7 AARe 4G, AT fAe BRI 4 Y
A 74e 243 case 714 3.4%2] T8 FHS BAT Case T MRS W AvRIF A FRiete] A&te] 4
87} o] WA zte] Y Hrsld d= A @yl ws L usgto] WA Zxd Aoy} AR v
Ago] UF AR F3 54 SHoldE 238 s B & e AS 0T AUTh webA FIHE &gk ¥
=S HAT 5 AUk o) Fig 109 1T vehy  E3 AF S7HE 2] 9180 ring staore]l 43S 2 A
Atk 7he e AAE AAsgla @ o] A= Aol
HHA ste] gy =l o ave HvE ARES F
Table 8. Comparison of delivered horse power 238} A7)= vkeko 7 AAE R8sl T)
29 t‘ﬂ/\ = AA meZo|l Y7 3] X
No. case Py (1Q) DIff. (%) ring stator®] A WFEZE A, dol, Eo, 9%
7h5 Mgt AlblATE WAL E80] 8 case
Bare hull 608.99 - _ - -
i 58 B3 Aeste] HEHOR case 7914 M o] 34%
case 1 602.65 104 o 1 &% $7HE FASAL
case 2 606.38 -0.43 29 3 &8 SHE ol 7)1EY YA AL F
case 3 600.65 -1.37 Aok wlaste] 8y FxR A9 Gl & obF A at
case 4 600.85 -1.34 71 }1\__@11‘94 ;ﬂ% g‘l i% T"i‘x'ﬂ7}‘ E‘H'é‘ 7/'_19—; ‘L&‘?IE]J_’— %
3 FxEo] YEJ nF xAst= Fu7) ol 71Aa AA
case 5 598.40 174 °_€]jo]_]HH_ T'q}_}_? ’
g SHAME {8 Aoer FdHEHh T3k 35 ring
case 6 599.21 -1.61 stator®] 28X WA 2 oF i ma st = AAe
case 7 588.28 340 A7k ol Foblol M A% slA F7 A7 A%stel =
case 8 599.23 -1.60 HAAS E3 ring statore] HE AeS A3 o Golt}

- 375 -



= 7

HoATE ARG REAL)] gPor =
T-A 2] X ANRF-2019R1F1A105808013) 2 20213 % 4H4]
FAAA N B Ak 71 7] (KEIT) v A 9S v
o 3%l 1-91(20005856).

References

[1] Kang, Y. D, M. C. Kim and H. H. Chun(2004), A Study on
the Design of a Biased Asymmetric Pre-swirl Stator
Propulsion System, Journal of the Society of Naval Architects
of Korea, Vol. 41, No. 3, pp. 13-21.

[2] Kim, M. C., H. H. Chun and Y. D. Kang(2004), Research on
Biased Preswirl Stator as an Efficienct Energy-Saving Device,
SNAME Transaction.

[3] Kim, M. C, J. T. Lee, J. C. Suh, and H. C. Kim(1993), A
Study on the Asymmetric Preswirl Stator System, Journal of
the Society of Naval Architects of Korea, Vol. 30, No. 1, pp.
30-44.

[4] Lee, J. T, M. C. Kim, J. C. Suh, S. H. Kim, and J. K.
Choi(1992), Development of a Preswirl Stator-Propeller
System for Improvement of Propulsion Efficiency : a
Symmetric Stator Propulsion System, Journal of the Society of
Naval Archiitects of Korea, Vol. 29, No. 4, pp. 132-145.

[5] Lee, J. T, M. C. Kim, S. H. Van, K. S. Kim and H. C.
Kim(1994), Development of a Preswirl Stator Propulsion
System for a 300K VLCC, Journal of the Society of Naval
Architects of Korea, Vol. 31, No. 1, pp. 1-13.

[6] Mewis, F. and T. Guiard(2011), Mewis Duct® - New
Developments, Solutions and  Conclusions, Second
International Symposium on Marine Propulsors

[7]1 Shin, Y. J, M. C. Kim, J. G. Kang and J. H. Lee(2016),
Study on Performance of Asymmetric Pre-swirl Stator
according to Variations in Dimensions and Blade Tip Shape,
Journal of Ocean Engineering and Technology, Vol. 30, No.
6, pp. 431-439.

[8] Song, H. J.,, M. C. Kim, W. J. Lee, and J. H. Kim(2015),
Development of the New Energy Saving Device for the
Reduction of Fuel of 176k Bulk Carrier, Journal of the
Society of Naval Architects of Korea, Vol. 52, No. 6, pp.
419-427.

of
o
Mo
2

Received :

Revised

2021. 02. 15.

: 2021, 03. 17. (1st)

: 2021. 04. 06. (2nd)

Accepted :

- 376 -

2021. 04. 27.



