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Low-speed Ship: friction resistance is as
high as 70~80% MBDR is one of the most promising drag
High-speed Ship: friction resistance is reduction techniques.
about 50%
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Introduction

Injecting gas between the ship hull and water alters viscosity and

density, aiming to reduce friction resistance.

Merkle et.al

The mechanism of turbulent boundary layer is central to the
solution of microbubble drag reduction.

Optimizing the flow of microbubbles can be achieved by
controlling the size and trajectory of microbubbles.

A blend of microbubble and air layers results in a mixture, where
resistance reduction varies linearly with airflow rate.

Elbing et.al
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Sato et.al

Mizokami et.al

Gunawa et.al

Taiji et.al

Towing tests on a ship model found a maximum friction reduction of
about 30% and a maximum effective power saving of 14.7%.

Baffle helped to equalize the air distribution and effectively reduced
the drag of the model.

Positioning the jet nozzle slightly aft on the bow improved drag
reduction by increasing microbubble coverage.

Increased microbubble flow reduces ship bottom friction, achieving
up to 28% overall drag reduction and 50% local drag reduction.
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Mechanism of Microbubble Drag Reduction
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Gssc Drag Reduction
YE: — I lg Fluid flow follows the laws of conservation of
0 e 5 .
L= _*\ Flat Plate mass and conservation of momentum.
microbubble -~ T T
— ); O ) o 5.0/ S 0 o :) 5000 O
— 22 * Crmicrobubble’ © o 5 © © o Continuity E uation
turbulent boundary layer L, y q ow
— —+—+— 0
water L ady 0z
Motion equation:
- dpu 0 dt ot dt
* Mixture Model IPY | divlouw) = — P 4 Ptxx | Otyx | Ofax | o
gy Tl = =gt e T e T
. . dpv 9, dt 0t ot
* Eulerian-Eulerian Model Gl =~ =g I g B g
ot dy  0x dy 0z Y
dpw dp Ot dat ot
e Eulerian-Lagrangian Model 6_+ div(pwu) = — Py a;z + a;z + a;z + I
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b o Eulerian-Lagrangian Model
Vs
|*—
/' wall surface Fg=Fqg+F +F,nm+Feqg+ Fy,
gas-liquid
two-phase flow

Water--Continuous phase
dv
Fp= mB'd_tB Microbubble--Dispersed phase
Analyzing the motion trajectory of microbubbles
xg*h = xg + VypAt to describe the movement of the dis
persed phase.
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relative motion 7, -7,

.............................................. m|cr0bubb|e

interphase drag force

p
Fa = 0.7504Cq 7 |v = val (v — va)
a

microbubble group

Fea = —prEfVna

~ microbubble |

Mechanism of Microbubble
Drag Reduction

Fl = ?}apr}(va — vf) X VX vf

relative motion V., -V,

relative motion V.. -V,

liquid
relative acceleration _
Dt Dt

liquid

__ microbubble

wall lubrication force

Fyi= Cwﬂ?aﬂf|va —Vr — [(Va - Vf) ; n]n|n
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Microbubble Drag Reduction Test System
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The test utilizes the 1140TEU River-Sea Going Ship as the prototype. A test

{ 8T e

model is fabricated with a scaling ratio of 1:25 for accurate representation

in experimental conditions

The test speed was similarly determined by Froude number (F,.) to be 11.5
knots for the design speed of the 1140 TEU River-Sea-Going Ship.

The gas flow rate in the range of 0 to 1 SLM In order to investigate the
airflow rate magnitude of MBDR, the dimensionless airflow rate coefficient

|- toomm |
J

jﬂ\><0 o 1 Cy is defined.
| _soomn__| 800an
1140 TEU ship Model vV (m/s) 0.58. 0.69. 0.75. 0.84. 0.92. 0.99
Loa 139.8m 5.5m Fr 0.079. 0.094, 0.102. 0.114, 0.125, 0.135
B 26.0m 0.95m Q (SLm) 0~1.0SLM
d 6.5m 0.255m Co 0.001284~0.01958
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Microbubble Drag Reduction
Test System

unconstrained self-propelled tests were
conducted in the maneuvering pool.

propelled to the target speed, recorded the real-
time thrust once stability was achieved.

the value of the model's thrust can be regarded as
the value of drag force

adjusting parameters to gather MBDR data for the

model at different speeds and microbubble rates.
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Microbubble Adaptive Control Technology
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The BP Neural Network primarily comprises loss forward propagation and error 0
backpropagation.

calculates the loss between the output function and the objective function

\_ s e transfers the output to the input, obtain the errors of each unit Y
K o Aporiom | The database for the BP Neural Network model is derived from self-propelled model
T el
prel\:::“i"e]i a4 g
— Focuses on : Speed, Microbubble Flow Rate, Thrust.
) The neuron network topology of BP Neural Network model structure is 1-9-13-1. /
E:] ] s —  Raspberry Pi 3B+ :executing the BP Neural Network and regulating the microbubble \

seedesencas —& e flow based on real-time thrust and air state data.

thrust acquisition module : measuring propeller thrust data

Giassaaree G s oot

|

flow control meter: adjusting gas flow according to commands from the control unit. /
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‘ c.\'r LSS Gas Flow Adaptive
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00 02 04 08 08 1.0 00 02 04 06 08 10 00 02 04 08 OB 10 [ experiment
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Uege 069 05 PHeE 0.92 0.99 Utilizing this test data as a sample, the resistance of the model

OMFR
(SLM) v 1 Lhl i s Ue5 was calculated by using a 4-layer BP neural network algorithm.

Microbubble drag reduction effectively reduces the sailing o _ N
resistance. Obtaining the data for resistance under a specific speed and

Specific microbubble flow rate minimizes the sailing _ _
resistance of different test model. various microbubble flow rates.
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3D Plate Cold Bending Machine
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PROBLEMS
Bad working Environment
Pollution
Low forming precision
Low efficiency
Piece drawbacks
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v" No line heating

v’ Accurate forming

v' High efficiency (10 times
+ faster)

v" No piece damage

v' Automatic data transfer

v Environment friendly
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CONTACT

Guangwu Liu
() +86 13917089848 (WhatsApp)

Thanks

« gliu@whut.edu.cn

in  www.linkedin.com/in/gwliu

@ www.whut.edu.cn

Bt AR KLS S



