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A Study on the Lubricating Air-layer Detection Techniques with Digital Image
Analysis in Flat Plate Air Lubrication Test

SeongHyeon Park’, Inwon Lee '

Abstract. The reduction of CO, emissions has been a key target in the Marine Industry since the IMO’s Marine Environment
Protection Committee published its findings in 2009. The representative emission index is termed as the EEDI (Energy
Efficiency Design Index) for the new ships. Among various flow control techniques ever proposed, the air lubrication method
is the one of most promising one in terms of practical applicability. The present study examines the basic characteristics
of the flat plate test with intention of applying the air lubrication technology to the reduction of the resistance of a ship.
Image analysis technique is proposed as a tool to quantify the effectiveness of the air lubrication method.

Keywords : Air Lubrication(37]-&%), Drag Reduction(*]347}), Skin Friction(F&#13}), Image Analysis(%/324]),
Image Filter(%JAHZE)

AR 71w flste] Ak sl
14 5 2831l Mg 24 7Pelek. A Ee &
IMO(International Maritime Organization)ellifi= A ™ 21l vAIRE 7] W wAtele] widree] &%
el g Rt Ak wiE A R opdxE T R et A Auehs wWHles o

. ME

[e

N

& AAA% EEDI(Energy Efficiency Design Index)Z NMRI (National Marine Research Institute) 151 2|5}

2013UEEE] AlZAS giake 2 whEaielt) o2 Al of A4 Hgo] Ao 3-4% o] RS P Hal

uh 25 9 20EE PP O o Adele] Eahopd  HA . SR V1 #ARE TRl sk 71

22 9 sk o) AE EAR hrE ek 73719 cavitation = op7|3e] FlEgo] ASheh=
xute] 98} Agke =A] AP} Do)= s oJsh Ao Agsle] e AdER F8)n ok

ZoAR) Bl A7 Aok Bt nhde] 0§ vk AA o A 571 o] o 2uf bl

Aoz tiE) CFD % X¥7|&e] W uje} ) 7|27} WE=o] F7]4to] FdErt. Air-layer lubrication
Agre A8} 20% o5} FFo g =7 Wolx|aL Q). el A9 a7 BAlE B ~eFHEn A7
np Zato] & AaolA] A= HIE A vl ARFo R A= of50] Aok Aol et Fig. 12 3
734 80~90%= A gltk. Auke] nlE 28-S 10% ] Follro] F7REAL Frdell ke AdAEES vebd 2
748t 7o, A Ao ok 200)8e] 9] A7t Fx} gzo]w, W]a7|EH(BRD) He} 379+ H(ALDR)

ma 0T,

7} olk. o] oF 4uf o] A3 AR EES HolH, of= TV
571942 (Air-layer lubrication) 2 W]2~7]3E wlzkA] 271He] Total Energy Saving SHellM Exbz{o] thaL

" woetm 2SR ot
" WAAR} : Global Core Research Center for Ships and Offshore Plants, Pusan National University
E-mail : inwon@pusan.ac.kr



28 gy -

E_}\

011;]_(3v4)
BT AP Prlel] BI1E BARLe] B
719g FAgehe ALDR(Air Layer Drag Reduction)
o=al wno] F7lE B4l TERE FAdshs PODR
(Partial Cavity Drag Reduction) ®l'*Ho]| 9Jt}. Fig. 2+
ALDR¥} PCDR®]| 7Hid& vieldl 8ot} ALDRS] 73
RS TIAIIE AT S 3715

—2‘—7}/\]7]@ WARE 7127} gele] uhe P A%
ARIEIP} 215 7k PCDRe) - wivlel 37
5L TFgele] wet AL BAgEeR *71“ e 2
2 5 olrke Aol e S ke
15k FdARte] Stk ©dol Qltk Akt Xﬂ —} |
Bk oje} 7] Ak Aol gloie] g S
ALDR7lo] -golsict & 4 3irk

Aol oA AddE ARMEAIR A RS Sske
Design Speed(11.7kts)ollx] 25.682] A #7Ha-S &l
Shich. ol 2141 8 A #3H& $1e Pumping Power
3133} Total Energy Saving ol 11.9%9] sd3h=
SAlol), 2dEl VNS Balo] £ FelE RS
ssigont, clekst el =gl glo] ek o)
ofefzol Uit

o

20 d

0 —

H
Xl
=

ol

B QTR AP, AL o ) ) ol
e FEEGS Yopry AOM Belre] 37152
He WA, olol me 4B FEe] Sle
48] PP IEE ARKET

100 T T L L LI L R T a7

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e ]

i e 8] ]

[ 1 : o } m ]

wf e ]

5 | | | -

& I S ]

or | i ]

L BDR Transitional flux § o® § Critical flux ]

o *° : .

— caoeee®™® ALDR ]

E \.P.......... L : Ll L ]
%0 o T 0o 0o 008

Q/w (m?s™)

Fig. 1. Drag reduction efficiency as a function of air
flux®

re
o

Airinjection \ Air Film
ALDR
PCDR

S—
\l Gas Cavity, p, \ 3

Fig. 2. Concept of ALDR and PCDR®

2.1 Al

F7)REHFRAHL Ho|(L) x FHB) 2.5(m) x 1(m)
2 ARG Heke] 7187 ! H“L«] A4
A= "hlﬁf*} AHE AR s YR

A QGefolH, =Z2o] A7} BolsleE AZ=Srt. *7]
o] BAMERE Mass Flow Controller(MFC)ol] 2J3l] Ao
o}, Fig. 3& 37|93 w2dd) sl Alzkeolok

&: MFC Unit

< =

S
ZHe

BIZAT

B:1m, L:25m, Draft: 0.47m
XA :PC (01T
Z oS :50kg
-7 =7
& u

LED Gopro Camera

Fig. 3. Schematic of the experimental apparatus
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Table 1. Test condition

Z AR 2} deg 0,2 4 2
R = m/s 0.5, 1.0, 1.5

10, 15, 20, 28, 32,
35, 40, 60, 80, 100

Aol T3l ASE &2 Fig 49] =M= Aol

Ay Ec,

31 HEFEEH

o] Azle He S #sl] flate] ofel

A=S ARGBIaL Qi Al BRI} ow]A]e] 7150
B npgEo] $lojx] Hol= ?15:]__}?;'0] Ak o= 37EE
“47@74] o QoM ket S&FE EAell glof sl

agle] ek B 7HA] 2 %0}04 olgigt 54e 1A
o] 7¥s sht, B AFelME /38 E Adobe After Effect
2 o]gato] olota TG (De-fisheye) X1} 0.1s AR}
Ao 7 AR AAon|AE FE390t. Fig. 5= -2°
Bare’J 2] o]l oRIEARAS wlmwEt Alzlolct.

320 IO 9 HAKES XA

Ve 2 ThllehRs Feddel FHoR 34o] H
o] Sl Wb, ke FEAG whet BARAA . o
ol & B2 29 T4 wlolke el 3% Eol &
ofx] Holal thE £ o] Hojx] Heltk 0° et 22
Z7o8 BNS [85l] 25t 92RAS AAEIaL
Atell eskA] ¢ko Wulo] ojFHel Z7EA} Lo
U] o= o] RS et iRl Sdg S8
9} Pixel size(1950 x 1000 pixel)7} E|== 248}k
Fig. 62 738 E<1 Adobe Photoshopellx] BAE /\]/\]zﬂ-
ARleltt. Fig. 72 ol o] s et faad o
< Yehd om|A]o]t.

De-fisheve
&
Image Sequence
L4

29

Analysis area extraction and
perspective correction

Image pixel
adjusting

Avdr habrication
image extraction

Image digitizing
4

MWoise filter

Lubrication area
calculation

b 4
Spread angle
calculation

Fig. 4. Flowchart of digital image analysis

(a) Bare plate (Original)

(b) Bare plate (De-fisheye)
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Fig. 10. Air lubrication image with noise removed
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