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Brake Horse Power (BHP) reduction ratios by air injection to the underside of the hull surface in an actual ship are predicted using
an unstructured finite—volume CFD solver and compared with the sea trial results, In addition, air lubrication system installed on
the existing vessel is investigated to find a good solution for additional drag reduction, As a results, it is found that the thickness
of the air layer should be minimized within a stable range while securing the area covered by the air layer as much as possible,
Furthermore, the amount of frictional drag reduced by air injection is found to be independent of surface roughness and still effective
on rough surface, Based on the results of this study, it is expected that systematic and reliable air lubrication system can be designed
and evaluated using the proposed method,
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Table 2 Simulation conditions to predict frictional drag

reduction
. Air injection rate based on
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Fig. 6 Distribution of volume fraction of air on the hull
surface

Table 3 Covered area and mean value of volume fraction
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* () area ratio = air layer area / wetted surface area
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Fig. 7 Distributions of wall shear stress and pressure
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Fig. 9 Convergence history of drag components for case4
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Table 4 Simulation conditions to investigate the drag
reduction ratio due to change in maximum
breadth of air injection—opening holes

Air injection rate Maximum breadth

Ship speed | based on ambient of air injection—
(Venip, knots) pressure opening holes
(Q, m*/h) (Ba, m)
2500,5000
16 7500,10000 5 11,17, 23

12500,15000
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Fig. 15 Distribution of volume fraction of air due to change
in Ba with Veng=16knots and Q=15000m°/h

Table 5 Covered area and mean value of volume fraction
of air due to change in B, with Vgip=16knots and
©.=15000m*/h

BA

(m)
Covered area| 2544 3370 4775 5983

(m?) (15.5%) | (20.6%) | (29.2%) | (36.6%)

Mean value
(-)

* () area ratio = air layer area / wetted surface area

5 " 17 23

0.877 0.852 0.805 0.766
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Fig. 16 Distributions of shear stress and pressure differences
due to change in Ba with Vg=16knots and
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surface and axial velocity around hull due to
change in Ba with Vgyp=16knots and Q=15000m*/h
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CHEAQ X|EE Table 6 2! Fig. 210l A2[5101 LERHACE Naval
Ship's Technical Manual (NSTM, 2002) S=(rating)2 0| a0l
M ARBEE 2& X|ZO0|H, KsH Rtsp2 Schultz (2004)0f 2/}
Hekl Stel =ef HEY| =o0| ¥ =& HET| Fololct

> B : s
Fig. 20 Ship hull showing extensive fouling by barnacles
(https://www.european—coatings.com/Homepage

—-news/Nanotechnology—and-anti—fouling)

Table 6 Representative coating and fouling conditions

. NSTM rating Ks Riso
Description
(=) (um) (um)
Hydraulically smooth 0 0 0
surface
Typical as applied
AF coating 0 30 150
Det§r|orat§d coating 10~20 100 300
or light slime
Heavy slime 30 300 600
Smgll calcareous 40~60 1000 1000
fouling or weed
Meo!lum calcareous 70~80 3000 3000
fouling
Heavy calcareous 90~100 | 10000 | 15000
fouling

[FR-20]

Fig. 21 Paint deterioration rating(PDR) scale, NSTM
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I} DRDIXZ €52 Folo] HallF= LalS Aesiict
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37| 0| 2A}AkeollAf FH HED(of e M 32| 2 FHo|
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£ Zz 2 (ol =$hs101 Fig. 22 2 Fig. 230i H|1510
LIERHSICE Fig. 220f &ol Hiel 2o, MAl| ZMHo| HEX|H
BAE o HR2SUX7L STteks SAll £27t sk
Aeks LERACE o|2{st ZnlE2 A S Sl &l
o} Foksti, §3] A= HEl 2 LR 752 £5 2320
AZ ofole| (Nikuradse, 1933)2FE &Rlst
(Schlichting, 1979). B8t Fig. 230 LIERH ZdXE Z8 A
7t 57 =M Mx| EHe| MESHT SISkl siX|Tt
50| o FAHZ Mo| BolMe HEY| 4E0| FHYA
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Table 7 Simulation conditions to find the correlation among
the three parameters: ship speed Vgnp, air
injection rate Q;, and averaged coating roughness

Rtso
Ship speed Air injection rate based | Averaged coating
Y p kF:]ots) on ambient pressure roughness
. (Q, m*/h) (Rtso, um)
16 2500, 5000,7500, 150, 300,
10000,12500,15000 450, 600

(a) Turbulent kinetic energy

(b) Axial velocity
Fig. 22 Distributions of turbulent kinetic energy and axial
velocity around stern hull region (left: smooth wall,
right: 450um rough wall)
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Fig. 23 Wall shear stress on the hull surface(left: w/
smooth wall, right: w/ 450um rough wall)
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Fig. 24 Comparison of drag coefficients due to change in
coating roughness(Rtso) with Venp=16.00knots and
w/o air injection
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XMt AT MXF B715104 600um HEZ| Z=ZollA 45.9%7}
x| Bkt ERlsIon, MRHEE UNE HSIt 4.9%,
OREX S A7t 41.0%S XIX[sich ol2{st Zzks MA| =W
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soi, Bkt 6z A28 F017| SlsiAls MR ESO thet

X|&Rol @a|7} WRES A|AFSkCH

F712, ME2 16.0knots, 37|1FU2S 15000m*/hE 18
Aol o122 EM, 150um & 450um HEZ| =M

E}

742| 37| Zoll sl S7IMAEE, o H HMct3H Hat
2 X0|E Fig. 2501 LIEHHRACE Of mf, = & HehS2ol
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37| AL F/FAIS] Xf0IE 2fofgict

Table 8 Drag coefficient values due to change in coating
roughness(Rtsy) with Vgi,=16.00knots and w/o air

injection
Coefficients (-)
CrsX10% | CreX10°® | Crsx10°
. 1.762 0.411 1.351
(100.0%) | (23.3%) | (76.7%)
1sg | 2132 0.456 1.676
. (121.0%) | (25.9%) | (95.1%)
rcijoitr;gis a0 | 2304 0.472 1.833
(im) (130.8%) | (26.8%) | (104.0%)
5o | 2477 0.487 1.989
(140.6%) | (27.6%) | (112.9%)
so0 | 2571 0.497 2.074
(145.9%) | (28.2%) | (117.7%)

Table 9 Covered area and mean value of volume fraction
of air due to change in coating roughness(Rts)
with Vg,=16.00knots and Q,=15000m*/h

Coating roughness 0 150 450
(um)
Covered area 5983 6216 6215
(m?) (36.6%) | (38.0%) | (38.0%)
Mear(‘_)va'“e 0.766 | 0.713 | 0.674

* (): area ratio = air layer area / wetted surface area
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CH 12%77HK| LBt oM 7|stt Bl 20|, DN Ha
2 S7IMHEE ot 3715 HHeR ZHESE &YIst
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BIE 7|E2=2 oF opEXgt Z44a80| E0iE A2 EA ol
T UCL ol2{EF Zuk= Fig. 25(b)oll ZAISH MThSa] Hal
XKool M =helgt = Qlet HEY7L 71, 2AF 24
275 Mo| ZctRol o|277IA| HetS HalFo| ofel
HEH x7do| Aot BlWslo] AifHoz Hasks de¥E &2
It ofof ghaf, iz Mate Ex(Fig. 25(c))olM= 2 Aol

7h LIERHR| gkt
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2 377 & BH AT g Mda
£ Fig. 260 H|wslod ERACt Fig. 26(a)2 T
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Fig. 25 Distributions of volume fraction of air, shear stress
and pressure differences due to change in coating
roughness(Rtsp) ~ with  Veyp=16.00knots  and
Q.=15000m%/h
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6 Comparisons of drag reduction ratio due to change
in coating roughness(Rts) and air injection rate
based on w/o air injection condition in smooth wall
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