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Abstract : The Gymnarchus Niioticus fish(GNF) cruises generally with high efficiency by undulating ribbon-fin propulsion
while keeping its body for straight line. The swing amplitude of GNF fins is usually in 60° to 90°, and in normal state the
amplitude is close to 90°, only in the control of hovering or swimming at very low speed, the amplitude is smaller (about 60°). It
provides inspiration for underwater robot design. In the paper, the unsteady flow of undulating ribbon-fin propulsion is
numerical simulated by the dynamic grid technique including spring-based smoothing model and local grid remeshing to adapt
to the fin surface significantly deforming, and the swing amplitude of fin ray reaches 850. The numerical simulation method is
validated by thrust experiments. The spatial vortex structure and its evolution with phase angle is analyzed. The propulsion
mechanism is investigated by comprehensive analysis of the hydrodynamics, vortex structure, and pressure distribution on the
fin surface. The numerical results indicates that there are mainly three kinds of vortexes, i.e. streamwise vortex, crescent
vortex and toroidal vortex. The intensity of streamwise vortex is the strongest among all kinds of vortexes. Streamwise vortexes
and crescent vortexes all alternately distribute on the two sides of mid-sagittal plane. Inside the crescent vortexes is high-speed
flow, while outside is low-speed flow. The crescent vortexes mainly induce high-speed axial jet, which produces the primary
thrust. This is hydrodynamic mechanism undulating ribbon-fin propulsion. The streamwise vortexes mainly induce the vertical
jet, which generates the primary heave force. The effect on hydrodynamics of main geometry and movement parameters
including wave length, amplitude and advanced coefficients is investigated. A bionic underwater robot with bilateral undulating
ribbon-fins is designed, and its navigation performance and maneuverability are measured.
Keywords : bionic propulsion, mobile robot, underwater robot, undulating ribbon-fins
Conference Title : ICCAR 2017 : International Conference on Control, Automation and Robotics
Conference Location : Singapore, Singapore
Conference Dates : September 11-12, 2017

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

Vol:11, No:09, 2017

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ric

al
 a

nd
 C

om
pu

te
r E

ng
in

ee
rin

g 
Vo

l:1
1,

 N
o:

09
, 2

01
7 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/a

bs
tr

ac
ts

/6
73

22
.p

df

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 11(09) 2017 1

https://publications.waset.org/abstracts/67322.pdf

