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Tilt variation and wake turbulence in the otter board of a bottom 

trawl during fishing operations

Yong-Hae KIM*

Institute of Marine Industry, College of Marine Science, Gyeongsang National University,  Tongyeong 53064, Korea

The tension of warp from trawler and sea-floor contact can generate tilt and wake turbulence around otter boards. Preliminary 
measurements of otter board tilt and 3-D flow velocity during bottom trawl operations were taken using a vector instrument 
to investigate the effects of wake turbulence at the trailing edge of the otter board. Tilt data (i.e., yaw, pitch, and roll) 
at 1 Hz and flow data (velocities in the towing, lateral, and vertical directions) at 16 Hz were analyzed to determine their 
periods and amplitudes using global wavelet and peak event analyses. The mean period (±standard deviation) of the tilt 
from the peak event analysis (5±2 s) was longer or double than that of flow velocity (3±2 s). The two periods also had 
a significant linear relationship. The turbulence rate of flow was 30-50% at the trailing edge and was closely related to 
roll deviation. The frequency of phase difference ratios (i.e., peak time differences between tilts and flow periods) was 
significantly different from random occurrence in two trials, possibly due to side tidal effects. However, in the other trials, 
flow peaks were random, as shown by the even peak times between tilts and flows. Future studies should focus on reducing 
tilt variation, wake turbulence, and bottom contact to stabilize otter board motion. 
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 Introduction

Otter boards, used to spread the net wings of most 
trawl gear, play an important role in the geometry of 
fishing gear and catch efficiency. However, their bulky 
size and weight cause problems in fishing operations and 
can negatively impact seabed ecosystems. Recent studies 
have suggested substituting flexible, kite-like canvas 
devices for otter boards (Bae et al., 2006; Balash et al., 
2015). 

The motion of the otter board (e.g., angle of attack 
or tilt) can change the coefficient of shearing force or 
distance between the otter boards, and affects net gear 
motion in terms of net height or spread (Crewe, 1964; 

FAO, 1974; Lee et al., 1986). It has been shown to 
impact shrimp trawl catches (Broadhurst et al., 2012; 
Priour and Prada, 2015). Crewe (1964) reported that the 
main motion factors were roll and pitch. The tilt of the 
otter board, caused by rigging (FAO, 1974), waves, and 
contact with the bottom (Parketal., 1993a, 1993b; 
Matsushitaetal., 2005; Salaetal, 2009; Politis et al., 
2012), can be affected by stability in action and 
spreading efficiency (Matuda et al., 1990). Most studies 
on the hydrodynamics of otter boards have focused on 
the shearing coefficient by varying tilt (Park et al., 
1993b, 1996).   

The tilt of otter boards has been measured under field 
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conditions using various methods (Sivadas, 1970; Lee 
et al., 1986; Lin et al., 1989). Time series of variations 
in tilt have been regarded that changes are periodic (Lee 
et al., 1986), which has also been observed in variations 
in warp tension (Matsushita et al., 2005). The variations 
in bottom trawl otter board tilt have been analyzed 
during fishing operations in terms of periodicity or 
amplitude relative to the tilt variation of the codend 
(Kim, 2014). Flow visualization methods have shown 
that the otter boards can also cause a complex turbulence 
wake over angle of attack (Ko et al., 1990; Park et al., 
1994a, b; Fukuda et al., 1997). The overall motion of 
the otter board (tilt or flow) may be closely related to 
unbalanced forces caused by warp and net-pendant 
tension due to the ship’s motion (O’Neill et al., 2003) 
and through whole-net drag. The tilt variations and 
turbulence in the codend caused by oscillating motions 
of the gear affect fishing selectivity and fish escape 
(Kim, 2013). 

However, whether periodic tilt variation produces a 
similar periodic wake in the otter board during fishing 
operations has not been investigated. Flow measurements 
or visualization are generally based on models in flume 

tanks due to the difficulty associated with field 
observations. The goal of this study was to compare the 
relationship between 3-D tilt and flow variations of otter 
boards under field conditions and analyze their periods 
and amplitudes.  

Seven fishing trials were conducted on the training 
ship Saebada as preliminary experiments on the 
bottom-trawl otter boards using Vector, the built-in 3-D 
tilt and flow sensor. Tilt data (i.e., yaw, pitch, and roll) 
and 3-D flow velocity were analyzed for period and 
amplitude using global wavelet and event analysis 
methods. Then the period phase differences between tilt 
and flow were compared. These results showed rough, 
complex periodic variation in tilt and flow and may be 
useful for otter board design (Takahashi et al., 2015) 
and wake turbulence control.  

 
Materials and Methods 

The experimental fishing gear was a bottom trawl 
towed by the training vessel Saebada, a 999-GT stern 
trawler (Gyeongsang National University, LOA 70.57 m, 
3,000 PS) (Kim, 2014). The otter pendant, hand rope, 
and net pendant of the trawl were 13.8 m, 96 m, and 

0.17L 
0.2C

Fig. 1. Design of the cambered V-type otter board and measuring points (ⓧ) for 3-D flow and tilt used in the experimental fishing 
operations of the bottom trawl.
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conditions using various methods (Sivadas, 1970; Lee 
et al., 1986; Lin et al., 1989). Time series of variations 
in tilt have been regarded that changes are periodic (Lee 
et al., 1986), which has also been observed in variations 
in warp tension (Matsushita et al., 2005). The variations 
in bottom trawl otter board tilt have been analyzed 
during fishing operations in terms of periodicity or 
amplitude relative to the tilt variation of the codend 
(Kim, 2014). Flow visualization methods have shown 
that the otter boards can also cause a complex turbulence 
wake over angle of attack (Ko et al., 1990; Park et al., 
1994a, b; Fukuda et al., 1997). The overall motion of 
the otter board (tilt or flow) may be closely related to 
unbalanced forces caused by warp and net-pendant 
tension due to the ship’s motion (O’Neill et al., 2003) 
and through whole-net drag. The tilt variations and 
turbulence in the codend caused by oscillating motions 
of the gear affect fishing selectivity and fish escape 
(Kim, 2013). 

However, whether periodic tilt variation produces a 
similar periodic wake in the otter board during fishing 
operations has not been investigated. Flow measurements 
or visualization are generally based on models in flume 

tanks due to the difficulty associated with field 
observations. The goal of this study was to compare the 
relationship between 3-D tilt and flow variations of otter 
boards under field conditions and analyze their periods 
and amplitudes.  

Seven fishing trials were conducted on the training 
ship Saebada as preliminary experiments on the 
bottom-trawl otter boards using Vector, the built-in 3-D 
tilt and flow sensor. Tilt data (i.e., yaw, pitch, and roll) 
and 3-D flow velocity were analyzed for period and 
amplitude using global wavelet and event analysis 
methods. Then the period phase differences between tilt 
and flow were compared. These results showed rough, 
complex periodic variation in tilt and flow and may be 
useful for otter board design (Takahashi et al., 2015) 
and wake turbulence control.  

 
Materials and Methods 

The experimental fishing gear was a bottom trawl 
towed by the training vessel Saebada, a 999-GT stern 
trawler (Gyeongsang National University, LOA 70.57 m, 
3,000 PS) (Kim, 2014). The otter pendant, hand rope, 
and net pendant of the trawl were 13.8 m, 96 m, and 

0.17L 
0.2C

Fig. 1. Design of the cambered V-type otter board and measuring points (ⓧ) for 3-D flow and tilt used in the experimental fishing 
operations of the bottom trawl.

47 m, respectively. The otter board (Fig. 1) was a 
cambered super-V type (Baekkyung Ind., Pusan, South 
Korea) and had a length (L) of 3.4 m, chord (C) of 2.0 
m (aspect ratio 1.7, 3 panels as 3 colors and 2 slots 
in Fig. 2), 12% camber ratio, 6° upper and 12° lower 
sweep angles, and an underwater weight of 1,697 kg 
at a 24° angle of attack (Kim, 2014). 

The tilt and 3-D flow velocity of the otter board were 
measured by Vector (Nortek, Rud, Norway; Kim, 2013), 
which was 55 cm long, 7.5 cm in diameter, and weighed 
1.5 kg in water. Vector was fixed 40 cm (0.2C) from 
the end of the trailing edge aligned with the towing 
direction (24° angle of attack) of the otter board on the 
port side using an extended stainless steel frame (15-mm 

diameter) bolted into the otter pendant holes (Fig. 2). 
The measuring points on the upper trailing edge were 
0.2C and 0.17L (trials F1U–F4U in Table 1) and those 
on the middle trailing edge were 0.2C and 0.5L (trials 
F5M–F7M in Table 1).

Vector measured 3-D water velocity using a 
1.5-cm-diameter water volume 16 cm apart from the end 
of acoustic probe with an accuracy of ±0.5%. 3-D flow 
velocity was measured as towing direction U, lateral 
direction V, and depth direction W at 16 Hz. The 
resultant flow velocity S was estimated as the root of 
(U2+V2+W2), which was also used to calculate 
turbulence rate over 1min (16Hz×60s). Vector also 
included sensors for measuring temperature (accuracy, 

(A)                                        (B)
Fig. 2. Experimental port otter board (A) and set-up of the Vector at the upper trailing edge of the otter board (B).

Trial 
No.*

Day/Month
/Year

Sampling time
(h:m)

Depth
 (m) 

Heading
(°) 

Towing
speed
(m/s) 

Current**
speed
(m/s) 

Wave
height
 (m) 

F1U 06/10/2011 19:24–20:30 90–93 195–205 1.7–1.8 0.5,  E 0.5
F2U 07/10/2011 04:30–05:38 90–93 345–360 1.7–1.8 0.3, NW 0.5
F3U 07/10/2011 06:32–07:02 90–93 360–345 1.7–1.8 0.2,  E 0.5
F4U 07/10/2011 14:18–15:12 41–43 330–340 1.7–1.8 0.5, NW 0.5
F5M 28/11/2011 16:49–18:33 90–94 170–180 1.7–1.8 0.6,  E 1.0
F6M 28/11/2011 19:25–21:00 90–94 15–5 1.7–1.8 0.4, NW 1.0
F7M 28/11/2011 21:57–23:09 90–94 185–175 1.7–1.8 0.3, NW 1.0

* U: Upper trailing edge, M: Middle trailing edge
** Estimated from tide chart in the South Sea of Korea

Table 1. Conditions for the seven experimental fishing trials using the bottom trawl 



340 | Journal of the Korean Society of Fisheries Technology

■ Yong-Hae Kim

0.1°C), yaw (compass accuracy, 2°; resolution, 0.1°), tilt 
(pitch and roll, accuracy, 0.2°; resolution, 0.1°), and 
depth pressure (accuracy, 0.25%; resolution, 0.005%) 
with a 1-s sampling interval. A positive pitch indicated 
forward down, and a positive roll indicated tilt to 
starboard in the range of ±180° when Vector was 
positioned vertically parallel to the trailing edge of the 
upper panel of the otter board. Yaw indicated a compass 
heading of 360°.

Seven fishing operations were conducted, mostly 
south of Geomun Island in the South Sea of Korea at 
depths of 90-94 m with a warp length of 500 m, except 
in trial F4U west of Galdo, which was conducted at a 
depth of 41-43 m with a warp length of 300 m southwest 
of Tongyeong (Table 1). During the fishing trials, sea 
conditions were mostly calm, with wave heights <1 m. 
The towing speed of the fishing boat was determined using 
a built-in acoustic Doppler current meter (TS-310, Tokimec, 
Tokyo, Japan), andover-the-ground speed was measured 
using a global positioning system.

The periodicities of tilt and flow velocity data from 
Vector were analyzed using the global wavelet method 
(GWP) from Torrence and Compo (1998). However, that 
method estimates period without amplitude. Therefore, 
peak event analyses (EVP), such as calculation of peak 
and valley values (Fig. 3), were conducted using 
custom-made Fortran software (Kim, 2014) following 
the methods of Narasimha et al. (2007). When the data 
peaked and then decreased in consecutive time series, 
the peak values were positive (‘peak event’) and the 
valley values were negative (‘valley event’). Then, the 
tilt and flow velocity periods were estimated as the time 
differences (PR1) between trial TR2 and TR1 (roll) and 
between TU2 and TU1 (U velocity), respectively (Fig. 
3). The amplitude of tilt was estimated as the difference 
in roll between TR1 and TR3, while flow amplitude was 
estimated as the difference in velocity between TU1 and 
TU3. The period time interval between peaks or valleys 
was limited to <3–11 s for tilt data (1-Hz sampling) and 
<1–11 s for flow data (16-Hz sampling). The threshold 

values between the peak and valley had a mean value 
of ±0.5 standard deviations (SDs). The mean period was 
estimated from the average of the total intervals between 
peaks and between valleys, while mean amplitude was 
estimated from the difference between consecutive peak 
and valley values. 

To calculate the time difference between tilt peaks and 
flow peaks, the phase difference ratio (Rp) was defined 
as the time difference (|TU1−TR1|) between flow peak 
time and tilt period (PR1=TR2−TR1) (Fig. 3) using the 
following equation:

         Rp=(|TU1−TR1|)/PR1              (1)

An Rp value of 0.5 indicates that flow peak occurred 
at the middle of the tilt peaks, whereas a value of 0 
indicates that flow peak occurred simultaneously with 
tilt peaks. The frequency of Rp was divided into five 
steps from <0.1 to <0.5 with an interval of 0.1 in each 
trial. 

Results 

The tilt of the otter board and codend varied with 
towing time (Fig. 4). The tilt of the otter board showed 
periodic variation and the amplitude of the roll was 
greater than pitch or yaw. The mean values of tilt, 
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Fig. 3. Time series of roll (TR1, TR2 and TR3) and flow velocity 
U (TU1, TU2 and TU3) used to analyze the period and phase 
difference ratio between tilt and flow periods.
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0.1°C), yaw (compass accuracy, 2°; resolution, 0.1°), tilt 
(pitch and roll, accuracy, 0.2°; resolution, 0.1°), and 
depth pressure (accuracy, 0.25%; resolution, 0.005%) 
with a 1-s sampling interval. A positive pitch indicated 
forward down, and a positive roll indicated tilt to 
starboard in the range of ±180° when Vector was 
positioned vertically parallel to the trailing edge of the 
upper panel of the otter board. Yaw indicated a compass 
heading of 360°.

Seven fishing operations were conducted, mostly 
south of Geomun Island in the South Sea of Korea at 
depths of 90-94 m with a warp length of 500 m, except 
in trial F4U west of Galdo, which was conducted at a 
depth of 41-43 m with a warp length of 300 m southwest 
of Tongyeong (Table 1). During the fishing trials, sea 
conditions were mostly calm, with wave heights <1 m. 
The towing speed of the fishing boat was determined using 
a built-in acoustic Doppler current meter (TS-310, Tokimec, 
Tokyo, Japan), andover-the-ground speed was measured 
using a global positioning system.

The periodicities of tilt and flow velocity data from 
Vector were analyzed using the global wavelet method 
(GWP) from Torrence and Compo (1998). However, that 
method estimates period without amplitude. Therefore, 
peak event analyses (EVP), such as calculation of peak 
and valley values (Fig. 3), were conducted using 
custom-made Fortran software (Kim, 2014) following 
the methods of Narasimha et al. (2007). When the data 
peaked and then decreased in consecutive time series, 
the peak values were positive (‘peak event’) and the 
valley values were negative (‘valley event’). Then, the 
tilt and flow velocity periods were estimated as the time 
differences (PR1) between trial TR2 and TR1 (roll) and 
between TU2 and TU1 (U velocity), respectively (Fig. 
3). The amplitude of tilt was estimated as the difference 
in roll between TR1 and TR3, while flow amplitude was 
estimated as the difference in velocity between TU1 and 
TU3. The period time interval between peaks or valleys 
was limited to <3–11 s for tilt data (1-Hz sampling) and 
<1–11 s for flow data (16-Hz sampling). The threshold 

values between the peak and valley had a mean value 
of ±0.5 standard deviations (SDs). The mean period was 
estimated from the average of the total intervals between 
peaks and between valleys, while mean amplitude was 
estimated from the difference between consecutive peak 
and valley values. 

To calculate the time difference between tilt peaks and 
flow peaks, the phase difference ratio (Rp) was defined 
as the time difference (|TU1−TR1|) between flow peak 
time and tilt period (PR1=TR2−TR1) (Fig. 3) using the 
following equation:

         Rp=(|TU1−TR1|)/PR1              (1)

An Rp value of 0.5 indicates that flow peak occurred 
at the middle of the tilt peaks, whereas a value of 0 
indicates that flow peak occurred simultaneously with 
tilt peaks. The frequency of Rp was divided into five 
steps from <0.1 to <0.5 with an interval of 0.1 in each 
trial. 

Results 

The tilt of the otter board and codend varied with 
towing time (Fig. 4). The tilt of the otter board showed 
periodic variation and the amplitude of the roll was 
greater than pitch or yaw. The mean values of tilt, 
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Fig. 3. Time series of roll (TR1, TR2 and TR3) and flow velocity 
U (TU1, TU2 and TU3) used to analyze the period and phase 
difference ratio between tilt and flow periods.

resultant flow velocity, and turbulence are shown in 
Table 2. The mean pitch of the otter board was -3° to 
-7°, and roll ranged from -5° to -25°, indicating that the 
orientation of the upper part of the otter board was 
slightly backward and outward. The SD of roll was 
greater than that of pitch, indicating that it varied more. 

The flow values of U, V, and W from the trailing 
edge wake also showed periodic variation. V and W 
varied between positive and negative values, as shown 
by the transition of the flow direction, whereas U was 
generally positive. The mean flow velocities were less 
than or equal to towing speed due to wake turbulence 
at the trailing edge rather than at the leading edge. The 
mean turbulence rate (Tr) was 30-50% and kinetic 

energy (TKE) was 0.1-0.23 m2/s2, except in trial F4U, 
which occurred in shallow coast water. 

Period spectra of flow velocity in the otter board from 
the global wavelet analysis are shown in Fig. 5. The 
dominant peak periods of tilts and flow velocities of the 
otter board are shown in Table 3. The dominant peak 
periods (2.5-4.9 s) mostly appeared in the 3-D flow 
velocity of the otter board and there was no difference 
between upper (trials F1U-F4U) and middle sections 
(trials F5M-F7M) of the otter board. The dominant 
period of V, with a mean value of 3.4 s, was significantly 
shorter than the dominant periods of yaw, pitch, or roll, 
with mean values of 4.1-4.5 s (t-test, n=7, P<0.05). 
However, the dominant periods of U or W were not 

 Trials  Data  Tilt (°) Flow 
N.O n* Yaw  Pitch  Roll  Sm (m/s) Tr (%) TKE (m2/s2)
F1U 3,929 199±4 -7±3 -25±8 0.94±0.04 51±3 0.23±0.03
F2U 3,856 355±11  -4±2 -7±4 1.07±0.08 29±6 0.10±0.03
F3U 5,156 354±11 -4±2 -5±4 1.11±0.09 28±6 0.10±0.04
F4U 3,210 334±5 -4±1 -5±4 1.52±0.11 11±5 0.03±0.02
F5M 6,252  177±2 -5±1 -19±6 0.92±0.05 47±7 0.19±0.05
F6M 5,695  11±4 -3±1  -5±5 1.16±0.12  41±14 0.23±0.13 
F7M 4,076 179±2 -4±1 -21±5 0.97±0.09 40±4 0.15±0.03
Mean 4,596±1,114  null±6 -4±2  -12±5 1.10±0.08 35±6 0.13±0.05

* Equal to sampling time (s)

Table 2. The mean ± SD of the measured tilt, mean resultant flow velocity (Sm), turbulence rate (Tr), and kinetic energy (TKE) 
at the trailing edge of the otter board
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significantly different from any dominant periods of tilt 
(n=7, P>0.05).

The period and amplitude of tilt and flow velocity 
from the peak event analysis are shown in Fig. 6 as an 
example of frequency. Almost all period frequency and 
amplitude distributions of flow appeared as normal 
distributions. The mean values of period and amplitude 
from the peak event analysis are listed by tilt and flow 
velocity and by trial in Table 4. The product of the 
number of events (n in Table 2) and the mean period 
was nearly equal (99-100%) to the total sampling time 
(Table 2). The mean values of the tilt (yaw, pitch, and 
roll) periods (5.1 s) were significantly greater than those 
of the 3-D flow (U, V, and W) periods (3.2-3.4 s) (t-test, 

p<0.001), respectively. Amplitudes of roll were 
significantly greater than those of yaw or pitch (p<0.001) 
while the amplitude of W was significantly lower than 
those of U or V (p<0.001). Additionally, periods and 
amplitudes of tilt or flow velocity showed no differences 
between upper and lower trailing edges, respectively, in 
only 3-4 fishing operations.  

The deviations (SD in Table 2) or amplitudes (Amp 
in Table 4) of roll were greater than those of yaw or 
pitch. The relationships between mean deviation or mean 
roll amplitude and mean turbulence rate of 3-D flow 
velocity in seven trials are shown in Fig. 7. Although 
there was no significant relationship between Tr and 
Amp (r2<0.01, p>0.2), Tr had a significant relationship 
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Fig. 5. Period spectra (by GWP) of the 3-D otter board flow velocity (U, V, and W) from the global wavelet analysis in trials (A) 
F1U and (B) F5M.

 (A)  (B)

 Trials 
Tilt Flow 

Yaw Pitch Roll U V W
F1U 4.1 4.9 4.9 4.9 2.5 4.9 
F2U 4.1 4.1 4.1 4.1 4.1 4.1
F3U 3.5 4.1 4.1 4.1 2.1 4.1
F4U 4.1 4.9 4.9 4.9 4.9 4.9
F5M 2.5 2.5 2.5 2.5 2.5  2.5
F6M 4.9 4.9 4.9 4.1 4.9 4.9
F7M 5.8 5.8 5.8 2.5 2.5 4.9
Mean 4.1 4.5 4.5 3.9 3.4 4.3
SD 1.0 1.0  1.0 1.0 1.1 0.8 

Table 3. The dominant periods (s) of tilt and 3-D velocity at the trailing edge of the otter board from the global wavelet analysis (GWP)
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significantly different from any dominant periods of tilt 
(n=7, P>0.05).

The period and amplitude of tilt and flow velocity 
from the peak event analysis are shown in Fig. 6 as an 
example of frequency. Almost all period frequency and 
amplitude distributions of flow appeared as normal 
distributions. The mean values of period and amplitude 
from the peak event analysis are listed by tilt and flow 
velocity and by trial in Table 4. The product of the 
number of events (n in Table 2) and the mean period 
was nearly equal (99-100%) to the total sampling time 
(Table 2). The mean values of the tilt (yaw, pitch, and 
roll) periods (5.1 s) were significantly greater than those 
of the 3-D flow (U, V, and W) periods (3.2-3.4 s) (t-test, 

p<0.001), respectively. Amplitudes of roll were 
significantly greater than those of yaw or pitch (p<0.001) 
while the amplitude of W was significantly lower than 
those of U or V (p<0.001). Additionally, periods and 
amplitudes of tilt or flow velocity showed no differences 
between upper and lower trailing edges, respectively, in 
only 3-4 fishing operations.  

The deviations (SD in Table 2) or amplitudes (Amp 
in Table 4) of roll were greater than those of yaw or 
pitch. The relationships between mean deviation or mean 
roll amplitude and mean turbulence rate of 3-D flow 
velocity in seven trials are shown in Fig. 7. Although 
there was no significant relationship between Tr and 
Amp (r2<0.01, p>0.2), Tr had a significant relationship 
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Fig. 5. Period spectra (by GWP) of the 3-D otter board flow velocity (U, V, and W) from the global wavelet analysis in trials (A) 
F1U and (B) F5M.

 (A)  (B)

 Trials 
Tilt Flow 

Yaw Pitch Roll U V W
F1U 4.1 4.9 4.9 4.9 2.5 4.9 
F2U 4.1 4.1 4.1 4.1 4.1 4.1
F3U 3.5 4.1 4.1 4.1 2.1 4.1
F4U 4.1 4.9 4.9 4.9 4.9 4.9
F5M 2.5 2.5 2.5 2.5 2.5  2.5
F6M 4.9 4.9 4.9 4.1 4.9 4.9
F7M 5.8 5.8 5.8 2.5 2.5 4.9
Mean 4.1 4.5 4.5 3.9 3.4 4.3
SD 1.0 1.0  1.0 1.0 1.1 0.8 

Table 3. The dominant periods (s) of tilt and 3-D velocity at the trailing edge of the otter board from the global wavelet analysis (GWP)

with SD (p<0.05) represented by the following equation: 

EVP: Tr =7.1SD + 1.2 (n=7, r2=0.65)          (2)

The relationship between the mean flow and tilt 

periods for seven trials using global wavelet (GWP in 
Table 3) or peak event analyses (EVP in Table 4) is shown 
in Fig. 8. The relationship between flow period (Pf, s) 
and tilt period (Pt, s) given by the event analysis (p<0.05) 
is stronger than that from the global wavelet method (p 
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Fig. 6. Examples of periods for 3-D flow velocity from the peak event analysis (EVP) in trials (A) F1U and (B) F5M.

Trials
Tilt  Flow

Yaw Pitch Roll U V W

F1U
Period 5.0±1.7 4.7±1.2 4.8±1.3 3.7±2.0  3.3±1.9 3.3±1.3

Amplitude 6±3 2±1 6±3 1.95±0.77 1.93±0.68 1.18±0.26
n 791 837 817 1,054 1,189 1,197

F2U
Period 4.9±1.7 4.9±1.7 5.0±1.8 3.6±2.2 3.2±1.9 3.2±1.7

Amplitude 4±2 3±1 12±4 1.42±0.64 1.29±0.78 0.68±0.20
n 778 781 765 1,056 1,200 1,211

F3U
Period 5.1±1.8 5.1±1.9 4.9±1.7 3.4±2.0 3.3±1.9 3.1±1.7

Amplitude 4±3 2±1 9±3 1.32±0.56 1.24±0.65 0.65±0.20
n 1,021 1,007 1,051 1,500 1,563 1,653

F4U
Period 5.1±1.8 5.2±1.7 5.0±1.6 3.4±2.2 2.9±1.5 3.6±1.8

Amplitude 3±2 3±1 10±3 0.70±0.31 0.60±0.27 0.44±0.14
n 634 623 639 941 1,090 899

F5M
Period 5.3±1.6 5.2±1.5 5.3±1.6 2.9±1.5 3.1±1.7 3.2±1.6

Amplitude 3±1 7±2 19±4 1.77±0.79 1.64±0.81 1.29±0.31
n 1,183 1,214 1,183 2,128 2,006 1,925

F6M
Period 5.1±1.8 5.1±1.4 5.3±1.7 3.4±1.8 3.4±2.1 3.5±1.9

Amplitude 3±2 4±1 8±2 2.48±1.19 2.28±1.16 1.08±0.25
n 1,121 1,110 1,081 1,691 1,662 1,621

F7M
Period 5.3±1.4 5.3±1.8 5.3±1.5 3.1±1.7 3.2±1.8 3.4±1.6

Amplitude 3±1 4±1 5±2 1.72±0.84 1.53±0.81 1.01±0.21
n 776 769 776 1,300 1,279 1,190

Mean
Period 5.1±1.7 5.1±1.6 5.1±1.6 3.4±1.9 3.2±1.8 3.3±1.7

Amplitude 4±2 4±1 10±3 1.62±0.73 1.50±0.74 0.90±0.22

Table 4. Periods (s) and amplitudes of the tilt (°) and 3-D velocity (m/s) of the otter board from the peak event analysis
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> 0.05), represented by the following equations:

     EVP: Pf=0.6Pt + 0.2 (n=21, r2=0.89)       (3)
    GWP: Pf=0.6Pt + 1.0 (n=21, r2=0.38)     (4)

The peak event time between roll and flow velocity 
(U, V, W, and S) by the event analysis has some time 
lag as a peak time phase difference as shown in Fig. 
2. As also demonstrated by the mean period difference 
between tilt and flow velocity (Table 3), flow peak 
times occurred once or twice between tilt peaks. The 
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Fig. 8. The relationship between the mean periods of tilt (yaw, pitch, 
and roll) and the mean period of flow (U, V, and W) for seven 
trials from the global wavelet (GWP) and peak event analyses (EVP).
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Fig. 9. Three trials Examples of the frequencies for period time phase 
differences (Rp) between   flow velocity (as first abbreviation U, V, 
W: 3-D flow, F: resultant flow) and tilt (as second abbreviation Y: yaw, 
P: pitch, R: roll) compared with a random frequency ratio (Ran) 0.2.
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roll amplitude (Amp) and mean turbulence rate of 3-D flow 
velocity for seven trials. 
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The peak event time between roll and flow velocity 
(U, V, W, and S) by the event analysis has some time 
lag as a peak time phase difference as shown in Fig. 
2. As also demonstrated by the mean period difference 
between tilt and flow velocity (Table 3), flow peak 
times occurred once or twice between tilt peaks. The 
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trials from the global wavelet (GWP) and peak event analyses (EVP).
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Fig. 7. The relationship between mean deviation (SD) or mean 
roll amplitude (Amp) and mean turbulence rate of 3-D flow 
velocity for seven trials. 

Rp values between tilt and flow velocity estimated by 
eq. 1 are shown in Fig. 9 as a frequency distribution 
with a step interval of Rp = 0.1. Most Rp values 
between tilt and U or W in trial F1U and those between 
tilt and W in trial F5M were significantly different 
(chi-square test, p<0.05) from random distributions 
(e.g., frequency ratio 0.2). However, for the other five 
trials, the distributions of Rp between tilt and flow 
velocity were not significantly different from random 
distributions at each step.          

Discussion 

The periods of tilt components (i.e., yaw, pitch, and 
roll) determined using the global wavelet method or peak 
event analysis in this study were similar to an 
approximated tilt period with short sampling (Lee et al., 
1986) and an estimated period of warp tension 
(Matsushita et al., 2005). The yaw, pitch, and roll of 
the otter board varied simultaneously as a 3-D 
deformation (so-called ‘resultant tilt’; Kim, 2014). 
Similarly, resultant tilts also varied periodically to 
generate complex turbulent wake around the trailing 
edge of the otter board (Ko et al., 1990; Park et al., 
1994a, 1994b; Fukuda et al., 1997). To the best of the 
author’s knowledge, this is the first time that these 
complicated wake flows at the trailing edge of an otter 
board have been measured and analyzed by Vector under 
trawl operating conditions. Although Vector can sample 
at up to 64 Hz, this study used 16 Hz because of memory 
capacity from total fishing time and longer flow peak 
variations (>1 s). 

The 3-D flow velocities measured at a point on the 
trailing edge of the otter board during fishing operations 
showed complex variations with time due to the wake 
and changes in tilt. Those flow velocities could represent 
a 1.5-cm water ball vortice at a relatively fixed point 
on the otter board. The flow data were analyzed using 
both global wavelet method and peak event analysis 
(Kim, 2014). The peak event analysis was considered 
useful for data with highly variable peak point values 

in long time series to extract period and its amplitude 
between neighboring peaks (Narasimha et al., 2007; 
Kim, 2013), whereas the global wavelet method was 
useful for a more limited time period and provided no 
amplitudes (Torrence and Compo, 1998). The 3-D flow 
velocities from the peak event analysis showed little 
periodicity and had greater deviations in period and 
amplitude. The period and amplitude between the upper 
and middle trailing edges were not significantly 
different. The surface of the measured cross section of 
the otter board has a relatively rough surface (e.g., from 
rope holes, slots, and bars) compared with a hydrofoil. 
Those protruding objects can generate more turbulence 
until posterior trailing edge rather than even surface 
hydrofoil (Karbasian and Kim, 2016) or airfoil (Martinat 
et al., 2008; Prangemeier et al., 2010).  

The relationship between 3-D tilt and 3-D flow was 
represented as the phase difference of period (i.e., time 
lag between tilt and flow velocity peaks) under the 
assumption of simultaneous start times, although they 
had different sampling rates (tilt, 1 Hz; flow, 16 Hz). 
The period phase differences were random in five of 
seven trials (irrespective of tilt), whereas those in the 
other two trials (F1U and F5M) were not random but 
did not occur in the middle of the tilt period. These two 
cases may have been affected by side tidal currents in 
the towing direction near the sea bed (see Table 1). This 
could be elucidated by further measurements of tidal 
currents using Vector near the sea bed in fishing grounds 
(Kim and Hong, 2014). 

The observed tilts were showed as pitch up and roll 
out as general rigging and operation of the bottom trawl. 
However their variations were considered as higher even 
under relatively calm weather and resultantly caused 
higher turbulence at trailing edge. Therefore the device 
to reduce turbulence could be suggested as wing tip or 
diffusor adapted from aerofoil. It is also needed more 
flat surface of the board including bracket, pendant ring 
etc for boundary layer control. The tilt variation was also 
affected by irregular contact of the shoe part with angle 
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of attack by pitching mainly. The attachment of 
separated shoe could be reconsidered as smaller angle 
of attack ≈0 by changeable hinge to reduce area of the 
sea bed contact. 

Investigations of flow structure and vortices for 
hydrofoils under pitching conditions have used numerical 
analyses (Karbasian and Kim, 2016) and wind tunnel 
experiments (Ducoin et al., 2009), but are difficult to 
compare due to differences in objects, analytical methods, 
and water flow conditions. However, computational flow 
investigations (Jonsson et al., 2013) may be possible and 
necessary for periodic tilting conditions identical to field 
operations referring to airfoil cases (Gharali and Johnson, 
2013; Luetal., 2013). Additional studies are needed to 
reduce tilt variation via boundary layer control or to 
minimize sea bed contact (Ivanovicetal., 2009) by 
modifying shoe tread of bottom shoe (McHugh et al., 2015). 

Conclusion  

The overall motion of the otter board (tilt or flow) 
may be closely related to unbalanced forces caused by 
the ship’s motion  and through whole-net drag. The tilt 
variations and turbulence in the codend caused by 
oscillating motions of the gear affect fishing selectivity 
and fish escape. Seven fishing trials were conducted on 
the training ship Saebada as preliminary experiments on 
the bottom-trawl otter boards using Vector, the built-in 
3-D tilt and flow sensor. Tilt data of yaw, pitch, and 
roll and 3-D flow velocity were analyzed for period and 
amplitude using global wavelet and event analysis 
methods. The main peak period of 3-D flow was 
occurred twice within a peak period of the tilt by peak 
event analysis. The turbulence rate of flow was 30-50% 
at the trailing edge closely related to roll deviation and 
possibly reduced spreading efficiency. In order to reduce 
turbulence boundary control by wing tip or diffusor 
adapted from aerofoil could be needed in addition to 
more smooth surface followed model test in flume tank 
first.   

Acknowledgements

The author thanks the captain and crews of the training 
ship Saebada for assistance with field measurements. The 
wavelet software by C. Torrence and G. Compo is 
available at http://paos.colorado.edu/research/wavelets/.

References 

Bae BS, Bae JH, An HC, Park SW, Park CD and Jeong EC. 
2006. The characteristics of the flow field around kite 
using the CFD. J Korean Soc Fish Technol 42, 169-178.

Balash C, Sterling D, Lustica M and Broadhurst MK. 2015. 
Twist-and-camber effects on the performance of simple 
hydro-sails for efficiently spreading penaeid trawls. 
Ocean Eng 109, 161-168. (DOI:10.1016/j.oceaneng. 
2015.08.065)

Broadhurst MK, Sterling DJ and Cullis BR. 2012. Effects of 
otter boards on catches of an Australian penaeid trawl. 
Fish Res 131-133, 67-75. (DOI:10.1016/j.fishres.2012.07.015)

Crewe PR. 1964. Some of the general engineering principles 
of trawl gear design. Modern fishing gear of the world. 
2. Fishing News (Books) Ltd. London, 165-180.

Ducoin A, Astolfi JA, Deniset F and Sigrist JF. 2009. 
Computational and experimental investigation of flow 
over a transient pitching hydrofoil. European J Mechanics 
B/Fluids 28, 728-743. (DOI:10.1016/j.euromechflu.2009. 
06.001)

FAO. 1974. Otter board design and performance. FAO. Rome. 82.
Fukuda K, Matuda K, Fuxiang H and Tokai T. 1997. A model 

experiment on hydro-dynamic characteristics of 
biplane-type otter board. Nippon Suisan Gakkaishi 63, 
207-212.

Gharali K and Johnson DA. 2013. Dynamic stall simulation 
of a pitching airfoil under unsteady free stream velocity. 
J Fluids Struct 42, 228-244. (DOI:/10.1016/j.jfluidstructs. 
2013.05.005)

Ivanovic A, Neilson RDand O’Neill FG. 2011. Modeling the 
physical impact of trawl components on the seabed and 
comparison with sea trials. Ocean Eng 38, 925-933. 
(DOI:10.1016/j.oceaneng.2010.09.011)

Jonsson E, Hermannsson E and Juliusson M. 2013. 
Computational fluid dynamic analysis and shape 
optimization of trawl-doors. In: 51st AIAA Aerospace 



Journal of the Korean Society of Fisheries Technology  | 347 

Tilt variation and wake turbulence in the otter board of a bottom trawl during fishing operations

of attack by pitching mainly. The attachment of 
separated shoe could be reconsidered as smaller angle 
of attack ≈0 by changeable hinge to reduce area of the 
sea bed contact. 

Investigations of flow structure and vortices for 
hydrofoils under pitching conditions have used numerical 
analyses (Karbasian and Kim, 2016) and wind tunnel 
experiments (Ducoin et al., 2009), but are difficult to 
compare due to differences in objects, analytical methods, 
and water flow conditions. However, computational flow 
investigations (Jonsson et al., 2013) may be possible and 
necessary for periodic tilting conditions identical to field 
operations referring to airfoil cases (Gharali and Johnson, 
2013; Luetal., 2013). Additional studies are needed to 
reduce tilt variation via boundary layer control or to 
minimize sea bed contact (Ivanovicetal., 2009) by 
modifying shoe tread of bottom shoe (McHugh et al., 2015). 

Conclusion  

The overall motion of the otter board (tilt or flow) 
may be closely related to unbalanced forces caused by 
the ship’s motion  and through whole-net drag. The tilt 
variations and turbulence in the codend caused by 
oscillating motions of the gear affect fishing selectivity 
and fish escape. Seven fishing trials were conducted on 
the training ship Saebada as preliminary experiments on 
the bottom-trawl otter boards using Vector, the built-in 
3-D tilt and flow sensor. Tilt data of yaw, pitch, and 
roll and 3-D flow velocity were analyzed for period and 
amplitude using global wavelet and event analysis 
methods. The main peak period of 3-D flow was 
occurred twice within a peak period of the tilt by peak 
event analysis. The turbulence rate of flow was 30-50% 
at the trailing edge closely related to roll deviation and 
possibly reduced spreading efficiency. In order to reduce 
turbulence boundary control by wing tip or diffusor 
adapted from aerofoil could be needed in addition to 
more smooth surface followed model test in flume tank 
first.   

Acknowledgements

The author thanks the captain and crews of the training 
ship Saebada for assistance with field measurements. The 
wavelet software by C. Torrence and G. Compo is 
available at http://paos.colorado.edu/research/wavelets/.

References 

Bae BS, Bae JH, An HC, Park SW, Park CD and Jeong EC. 
2006. The characteristics of the flow field around kite 
using the CFD. J Korean Soc Fish Technol 42, 169-178.

Balash C, Sterling D, Lustica M and Broadhurst MK. 2015. 
Twist-and-camber effects on the performance of simple 
hydro-sails for efficiently spreading penaeid trawls. 
Ocean Eng 109, 161-168. (DOI:10.1016/j.oceaneng. 
2015.08.065)

Broadhurst MK, Sterling DJ and Cullis BR. 2012. Effects of 
otter boards on catches of an Australian penaeid trawl. 
Fish Res 131-133, 67-75. (DOI:10.1016/j.fishres.2012.07.015)

Crewe PR. 1964. Some of the general engineering principles 
of trawl gear design. Modern fishing gear of the world. 
2. Fishing News (Books) Ltd. London, 165-180.

Ducoin A, Astolfi JA, Deniset F and Sigrist JF. 2009. 
Computational and experimental investigation of flow 
over a transient pitching hydrofoil. European J Mechanics 
B/Fluids 28, 728-743. (DOI:10.1016/j.euromechflu.2009. 
06.001)

FAO. 1974. Otter board design and performance. FAO. Rome. 82.
Fukuda K, Matuda K, Fuxiang H and Tokai T. 1997. A model 

experiment on hydro-dynamic characteristics of 
biplane-type otter board. Nippon Suisan Gakkaishi 63, 
207-212.

Gharali K and Johnson DA. 2013. Dynamic stall simulation 
of a pitching airfoil under unsteady free stream velocity. 
J Fluids Struct 42, 228-244. (DOI:/10.1016/j.jfluidstructs. 
2013.05.005)

Ivanovic A, Neilson RDand O’Neill FG. 2011. Modeling the 
physical impact of trawl components on the seabed and 
comparison with sea trials. Ocean Eng 38, 925-933. 
(DOI:10.1016/j.oceaneng.2010.09.011)

Jonsson E, Hermannsson E and Juliusson M. 2013. 
Computational fluid dynamic analysis and shape 
optimization of trawl-doors. In: 51st AIAA Aerospace 

Sciences Meeting Including the New Horizons Forum 
and Aerospace Exposition, AIAA2013-0232.

Karbasian HR and Kim KC. 2016. Numerical investigations 
on flow structure and behavior of vortices in the dynamic 
stall of an oscillating pitching hydrofoil. Ocean Eng 127, 
200-211. (DOI:10.1016.j.oceaneng.2016.10.005)

Kim YH. 2013. Analysis of the turbulent flow and tilt in the 
codend of a bottom trawl during fishing operations. 
Ocean Eng 64, 100-108. (DOI:10.1016/j.oceaneng.2013.02.019)

Kim YH. 2014. Comparison of tilt variation in the otter board 
and codend of bottom trawl gear during fishing 
operations. Fish & Aquat Sci 17, 145-153. (DOI:10.5657 
/FAS.2014.0145)

Kim YH and Hong CH. 2014. Characteristics of tidal 
turbulence near bottom at a coastal trench in Tongyoung, 
Korea. J Korean Soc Fish Technol 50, 435-446. 
(DOI:10.3796/KSFT.2014.50.4.435)

Ko KS, Kwon BG and Ro KD. 1990. Computational fluid 
analysis for the otter boards. Pattern of fluid flow besides 
otter board. Bull Korean Fish Tech Soc 26, 333-340.

Lee BG, Choe JH, Park SG and Chang HY. 1986. Study on 
the midwater trawl available in the Korean waters-1. 
Attitude and opening efficiency of the otter board. J 
Korean Soc Fish Technol 22, 41-48.

Lin JC, Sato O, Nashimoto K and Yamamoto K. 1989. 
Efficiency and stability of saucer-shaped otter boards 
with changing attack angle and heel angle. Nippon 
Suisan Gakkaishi 55, 295-300.

Lu K, Xie YH and Zhang D. 2013. Numerical study of large 
amplitude, nonsinusoidal motion and camber effects on 
pitching airfoil propulsion. J Fluids Struct 36, 184-194. 
(DOI:10.1016/j.jfluidstructs.2012.10.004)

McHugh MK, Broadhurst MK, Sterling DJ and  Millar RB. 
2015. Comparing three conventional peneid-trawl otter 
boards and the new batwing design. Fish Res 167, 
180-189. (DOI:10.1016/j.fishres.2015.02.013)

Martinat G, Braza M, Hoarau Y and Harran G. 2008. 
Turbulence modelling of the flow past a pitching 
NACA0012 airfoil at and Reynolds numbers. J Fluids 
Struct 24 (8), 1294-1303. (DOI:10.1016/j.jfluidstructs. 
2008.08.002)

Matuda K, Fuxiang H and Ishizawa S. 1990. Hydrodynamic 
characteristics of vertical V type otter board. Nippon 

Suisan Gakkaishi 56, 1815-1820.
Matsushita Y, Kumazawa T, Tomiyama M, Fujita K and 

Yamasaki S. 2005. Designs and configurations of 
small-scale otter trawl fishing gear used in Ise-wan bay, 
Aichi, Japan. Nippon Suisan Gakkaishi 71, 318-327.

Narasimha R, Kumar SR, Prabhu A and Kailas SV. 2007. 
Turbulent flux events in a nearly neutral atmospheric 
boundary layer. Phil Trans R Soc A 365, 841-858. 

O’Neill FG, McKay SJ, Ward JN, Strickland A, Kynoch RJ 
and Zuur AF. 2003. An investigation of the relationship 
between sea state induced vessel motion and cod-end 
selection. Fish Res 60, 107-130. 

Park CD, Matuda K, Fuxiang H and Chang SM. 1993. The 
effect of the bottom on the hydrodynamic characteristics 
of the flat plates. Nippon Suisan Gakkaishi 59,79–84.

Park CD, Matuda K, Fuxiang H and Tokai T. 1993b. 
Hydrodynamic characteristics of cambered plates in free 
stream and near the bottom. Nippon Suisan Gakkaishi 
59, 627-632.

Park CD, Matuda K and Tokai T. 1994a. Surface flow 
visualization of flat plates by tuft method. Nippon Suisan 
Gakkaishi 60, 193-199.

Park CD, Matuda K and Tokai T. 1994b. Flow visualization 
around cambered plates using hydrogen bubbles. Nippon 
Suisan Gakkaishi 60, 485-491.

Park CD, Matuda K and Tokai T. 1996. Effects of wing-tip 
vortices on lift of the flat plates with low aspect ratio. 
Nippon Suisan Gakkaishi 62, 248-253.

Politis PJ, DeAteris JT, Brown RW and Morrison III AT. 2012. 
Effects of sea-state on the physical performance of a 
survey bottom trawl. Fish Res 123-124, 26-36. 
(DOI:10.1016/j.fishres.2011.11.017)

Prangemeier T, Rival D and Tropea C. 2010. The manipulation 
of trailing-edge vortices for an airfoil in plunging motion. 
J Fluids Struct 26(2), 193-204. (DOI:10.1016/j.jfluidstructs. 
2009.10.003)

Priour D and Prada A. 2015. An experimental/numerical study 
of the catch weight influence on trawl behavior. Ocean 
Eng. 94, 94-102. (DOI:10.1016/j.oceaneng.2014.11.016)

Sala A, Farran JAP, Antonijuan J and Lucchetti A. 2009. 
Performance and impact on the seabed of an existing- 
and an experimental otter board: Comparison between 
model testing and full-scale sea trials. Fish Res 100, 



348 | Journal of the Korean Society of Fisheries Technology

■ Yong-Hae Kim

156-166. (DOI:10.1016/j.fishres.2009.07.004)
Silvadas TK. 1970. Instrumentation in fishing gear research. 

Fishery Technology 7, 105-115.
Takahashi Y, Fujimori Y, Hu F, Shen X and Kimura N. 2015. 

Design of trawl otter boards using computational fluid 
dynamics. Fish Res 161, 400-407. (DOI:10.1016/j.fishres. 
2014.08.011)

Torrence C and Compo GP. 1998. A practical guide to wavelet 
analysis. Bull Am Meteorol Soc 79, 61-78.

 

2017. 10. 19 Received
2017. 11. 23 Revised
2017. 11. 23 Accepted


