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Summary 

 

The dolphin skin close to the anisotropic compliant wall design could potential-

ly reduce the friction drag.  The goal of this work was to study the relation be-

tween local flow conditions around dolphin model and parameters of skin mor-

phology relevant in flow/skin interface. Three-dimensional CAD models 

presenting authentic geometry of fast-swimming common dolphin Delphinus del-

phis and low-swimming harbor porpoise Phocaena phocaena were constructed. 

CFD study of the flow parameters were carried out for the natural range of dolphin 

swimming velocities. The results of this study allow to conclude that the stream-

wise variability of the dolphin skin structure appears to be associated with the 

streamlined body geometry and corresponding gradients of the velocity and pres-

sure rather than with specific local Re numbers.  The hypotheses on different op-

timal conditions for potential drag-reducing properties of dolphin skin are pro-

posed. 

 

 

 

Introduction 

 

The basic idea of biomimetics or bionics is to develop new technologies based 

on highly effective and specialized solutions found in nature.  Fast moving ani-

mals are usually optimized for efficiency by evolution.  Since marine top preda-

tors move within a high density and therefore high drag and high buoyancy me-

dium, their need for efficient drag reduction mechanisms appears quite evident.  

Modern engineering designs of marine and air transport vehicles make use of 

streamlined shapes to reduce the form or pressure drag while several solutions 

aimed at reducing friction drag came from the study of sea animals.  

 

Dolphins are one of the most famous examples of extreme adaptations to drag 

reduction.  Interest in the understanding of a dolphin’s hydrodynamics was in-

itiated by Sir J Gray who published his analysis of a dolphin’s energetics with un-

expected outcome, later called Gray’s paradox [1].  Assuming a fully turbulent 

flow Gray came to the conclusion that a dolphin should possess either enormously 

powerful muscles (seven times more power per unit mass than any other mamma-

lian) or must be capable of maintaining laminar flow by some extraordinary 

means.  In the late 1950s the aerodynamicist Max Kramer claimed that a dolphin 

ensured a low level of friction drag by maintaining laminar flow over most parts 

of its body.  The dolphin’s skin having an unusually ordered inner structure was 

considered to be a natural compliant wall effectively suppressing the growth of 

Tollmien-Schlichting waves in the transition region of the flow, Kramer [2], [3]. 

This suppression delays the transition from laminar to turbulent flow in the boun-

dary layer thus decreasing the friction drag.  Kramer proposed the drag-reducing 

properties of a dolphin’s skin as a solution of Gray’s paradox and initiated numer-
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ous investigations of the structure and function both of dolphin skins and com-

pliant walls. 

 

The structure of the dolphin skin presents morphological adaptations which ap-

peared as a result of 50 millions year of evolution of cetaceans.  A thick layer of 

skin covers the body of dolphins and streamlines his skeleton and muscles.  The 

skin surface is smooth, hairless and elastic.  Skin glands are absent with little ex-

ceptions only and the number of layers of the epidermis is reduced compared to 

other mammals, Sokolov [4]. 

 

The structure of the dolphin skin and the blubber layer is highly organized and 

complex (Parry [6], Sokolov [5], Aleyev [7], Haun et al. [8], Pershin [9], Toedt et 

al. [10], Hamilton et al. [11]). Unlike the chaotic arrangement for terrestrial 

mammals, the dermal ridges in cetaceans’ skins are arranged in a highly ordered 

manner.  This feature of dolphins’ skin inspired suggestions of its possible relation 

with the flow direction (Sokolov [4], Palmer & Weddell [12], Purves [13], Surkina 

[14]).  In addition, variable blood pressure in capillary vessels in the papillary and 

sub-papillary layers can modify the range of mechanical properties of the dolphin 

skin, Pershin [9].  

 

The mechanical properties of dolphin skins related to species, position on the 

body, degree of training, and physical condition was investigated by Babenko et 

al. [15] or Toedt et al. [10], for instance.  They found that the modulus of elasticity 

E was lower in the middle of the common dolphin compared to more anterior and 

posterior sections of the body [16]. For a freshly captured bottle-nosed dolphin, E 

was higher than for the same animal after training, when the dolphin was calm.  

The higher value of the modulus of elasticity was interpreted to better correspond 

to the condition of high-speed swimming [15].  The elastic properties of the inte-

gument are particularly dependent on the deeper layer of thick blubber.  The blub-

ber layer is highly resilient, with E-modulus similar to biological rubbers (e.g. 

Pabst et al. [17]). 

 

Experimental studies of living dolphins did, however, not confirm Gray’s sup-

position about fully laminar flow of swimming dolphin.  Direct measurements of 

turbulence by means of transducers attached to the dolphin’s body as well as visu-

alization studies of the flow of swimming dolphins indicated turbulent boundary 

layers over the most part of the body (Romanenko [18], Rohr et al. [19]).  Never-

theless, the level of turbulence measured in the boundary layer of swimming dol-

phins was significantly lower compared with the flow over a rigid or solid model 

of the dolphin (Romanenko [18]).  

 

The state-of-the-art view of dolphin hydrodynamics assumes a number of si-

multaneous adaptations, e.g. to unsteady velocity and pressure gradients from ac-

celerating water over the body, skin tension and micro vibrations, shedding of the 
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superficial layer of epidermis as well as skin damping, which provides additional 

boundary layer stabilization for the swimming dolphin (Gray [1], Haider & 

Lindsley [20], Ridgway & Carder [21], Babenko & Carpenter [22], Romanenko 

[18], Nagamine et al. [23]). 

 

Considerable progress has also been achieved in the theoretical modeling and 

understanding of compliant walls and the current level of knowledge assumes a 

substantial delay of laminar-turbulent transition as well as drag reduction in a tur-

bulent boundary layer by appropriately designed compliant walls (Gad-el-Hak 

[24], Choi et al. [25], Carpenter et al. [26]).  According to these a two-layer aniso-

tropic compliant wall which comes close to the actual dolphin’s skin structure 

possesses the best drag-reducing properties (Sokolov [26], [4], Palmer & Weddell 

[12], Grosskreutz [28], Stromberg [29], Carpenter & Morris [30], Yeo [31]). 

 

At the same time, the mechanism of dolphin skin/flow interaction is still un-

clear.  There are several objective reasons:  First, there is still a considerable lack 

of quantitative data of potentially drag-reducing features of dolphin skin morphol-

ogies.  Second, these were rarely considered in connection to the local flow prop-

erties.  The goal of this work is to study the relation between local flow conditions 

around dolphin model and parameters of skin morphology relevant in flow/skin 

interface.  

 

Methods 

 

Scheme of sampling.  

The scheme of sampling was elaborated both for study of skin morphology and 

parameters of the flow simulated around the dolphin model. As the goal of the 

study was to compare the flow/skin interface in regions which are characterized by 

different Reynolds numbers, two parts of the body were selected for that purpose. 

The first is the dorsal fin that presents a typical wing-like shape and is built of 

symmetrical cross-sections. The second is limited by the tip of the melon on the 

head on one side and the position between dorsal fin and genital slit on the other 

side. Both regions present smooth streamlined bodies with similar geometry at dif-

ferent size. For the comparative purpose in both regions the sampling was done in 

20 points located on equal intervals along a line on the body surface. The dimen-

sionless scheme of sampling allowed comparison of the flow/skin interface for the 

different parts of the dolphin body. 

 

Skin morphology and morphometry 

The skin samples of 4x4x4 mm
3
 in size were fixed in 10% formalin, dehy-

drated and embedded by the Technovit 7100 media. Both vertical cross-sections 

and sections parallel to the skin surface were made with the thickness of 7 mkm. 

Sections were dried and stained by hematoxylin-eosin for the general picture and 

aldehyde-fuchsin to reveal the elastic fibers in dermis layer of the skin.  
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All measurements of the skin features on the histological sections were done 

with a measurement system including an Olympus CK X41 microscope and mor-

phometry software. The images of skin sections were captured by the video cam-

era, calibrated, and saved in JPG file format. On the vertical cross sections of the 

skin the following parameters were measured:  

1. Height of the epidermis (HEP), mm 

2. Height of the dermal papillary layer (HDP), mm 

3. Height of the subpapillary layer of dermis  (HSL), mm 

4. Thickness of the dermal ridges (TDR), mm 

5. Thickness of the epidermal ridges (TER), mm 

The angle between the dermal ridges direction and the long axis of the body was 

measured on sections parallel to the skin surface. The average values of all mor-

phological parameters were calculated based on three repeated measurements. 

 

 

 

 

CAD modeling  

A full-scale, three-dimensional CAD model of a common dolphin Delphinus 

Delphis was constructed with SolidWorks software. For the common dolphin the 

measurements and photos of the body of a newly stranded animal were used. All 

measurements were taken according to the standard protocol of postmortem ex-

amination (Kuiken and Hartmann 1993). Laser scanning data of the rigid model of 

the same species held at the German Oceanographic Museum in Stralsund were 

used for correction of the dolphin’s body geometry. The resulting model presents 

an authentic geometry of an adult female common dolphin of 1.94 m length.  

 

Additionally, a three-dimensional geometry of a by-caught harbour porpoise 

was obtained by an Atos V7 optical scanning system by IGS Development GmbH.  

Scanned data were processed with the GOM software and exported in CAD for-

mat as a set of cross-sections. The resulting model built with the SolidWorks 

software presents an authentic geometry of a sub-adult male harbor porpoise of 

1.1 m length.  

 

 For both species models of fins were constructed separately using photos of fin 

outlines as well as cross-sectional measurements of fins and joined to the models 

of the bodies. A straightened body position, which corresponds to the gliding 

phase of the dolphin’s swimming cycle, was chosen for the CFD study. 

 

CFD study 

The flow around the dolphin and porpoise model was studied with the Flo-

Works software. The flow parameters along with both sampling lines on the 

common dolphin were measured for the range of natural swimming velocities.  



6  

The calculations were done under the following conditions: Static pressure 101325 

Pa, temperature 20° C, turbulence intensity 0.1%, and turbulent length scale of 

3.44E-04 m. The velocity in X direction (along long axis of the model) varied 

from 2 to 8 m/sec at fixed 0 m/sec for the velocity both in Y and Z direction. 

FloWorks uses the finite volume method to solve the Reynolds-averaged Navier–

Stokes equations, implementing the k − ε turbulence model. 

 

The numerical simulation of laminar-turbulent transition on the same model of 

common dolphin using the empirical -Re transition model was carried out by 

Donald Riedeberger [32] at IAG, Stuttgart University. The finite-volume code 

STAR-CCM+ was used with a RANS formulation and SST-k-ω closure together 

with similar boundary conditions as prescribed before. Simulated swimming speed 

varied in the range from 0.25 to 5 m/sec, with the turbulent intensity ranging from 

0.25% to 5%.  

  

 

Model of the flow/skin interface 

The simplified model of the flow/skin interface includes the angle  formed by 

the velocity vector on the outer edge of the boundary layer and the plane of the 

dermal ridges. The angle  formed by the dermal ridges with the Y-axis was used 

for the calculation of a 2D vector of dermal ridges. Then a 3D vector a of the der-

mal ridges was obtained by the projection of the 2D vector on the surface of the 

3D model (Pavlov 2003).  

 

 
 

Figure 1.  Definitions of angles of the dolphin skin structures, used for the cal-

culation of the angle .  

 

The angle  formed by the dermal papillae with the Z-axis as well as the vector 

normal to the fin surface was used for the calculation of a 3D vector b of the der-

mal papillae. Vectors a and b were used for the calculation of the local spatial 
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orientation of the plane of the dermal ridges in the data points (figure 1). The ve-

locity vector c at the same points on the fin surface was used for the calculation of 

the angle  between the plane of the dermal ridges and a line corresponding to the 

local flow direction:  
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where a – ridges vector, b – papillae vector, and c – velocity vector. 
 

 

Results 

 

Hydrodynamics 

The streamlined body of the common dolphin has a complex shape that resem-

bles a body of revolution in the region from blowhole to the leading edge of the 

dorsal fin only. The head of the dolphin, especially the external morphology of the 

melon and the beak affects the flow and forms specific gradients of the velocity 

and pressure in that region. This part of the dolphin’s body looks important in 

sense of flow control and formation of specific flow patterns around the dolphin 

body. The rear part of the dolphin’s body, approximately 1/3 of the body length is 

flattened starting from the genital area to the tail flukes. To avoid the influence of 

natural turbulators like eye or blowhole, the position of the sampling line was de-

fined to lie on the plane oriented at 45 degrees to the plane of symmetry of the 

dolphin body. This part of the body was found to show more homogeneous (i.e. 

less gradients in circumference direction), representative flow on the main body 

compared to other areas in the CFD simulation thus verifying the approach. For 

the dorsal fin the shape of the sampling line is close to a conventional airfoil 

shape. The cross-section of the dorsal fin made at the mid of the wing span is 

close to the NACA 63-015A and GOE 459 symmetrical airfoils. The main differ-

ence occurs at the thickened trailing edge of the fin.  

 

The similarity in shape between fin and body section leads to a resemblance of 

gradients of the flow parameters in both regions (figure 2). The obvious difference 

in pressure gradient on the last third of the dolphin’s body that associated with the 

strokes of the tail fin.  

 



8  

fin cross-section

85000

90000

95000

100000

105000

110000

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Length, m

P
re

s
s
u

re
 (

P
a
)

8 m/sec 6 m/sec 4 m/sec 2 m/sec
 

 

dolphin body

90000

95000

100000

105000

110000

115000

120000

125000

130000

0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000

Length, (m)

P
re

s
s
u

re
 (

P
a
)

8 m/sec 6 m/sec 4 m/sec 2 m/sec
 

 

Figure 2.  Pressure distribution along the cross-section of the dorsal fin (upper 

graphics) and body of the common dolphin (lower graphics) calculated for the 

range of dolphin swimming velocities.  

 

The results of the flow simulations obtained with Floworks show a shift of the 

transition zone in frontward direction as well as a reduction of the laminar regions 

with increasing speed of swimming from 2 to 8 m/sec. For the minimal speed of 

swimming the laminar region on the upper part of the body reaches the dorsal fin 

position that corresponds approximately to the half of the body length. For the 
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maximal speed of 8 m/sec this region is reduced to the position of the pectoral fins 

that is less than one third of the body length.  

 

While preliminary simulations in STAR-CCM+ with a low turbulence envi-

ronment verified the above results, detailed study of the transition on the common 

dolphin model carried out by Riedeberger has shown that for the cruising speed of 

swimming around 3 m/sec in a moderate 1% turbulence-intensity environment the 

flow around the dolphin is mainly turbulent with limited laminar regions at the 

front of the head (figures 3, 4). The influence from the fin appendices on the main 

body pressure distribution was found to be of negligible impact. Estimations of 

possible surface drag reduction due to a downstream shift of transition were as 

high as 25 %.  

 

 

 
 

Figure 3. Distribution of pressure coefficient Cp for free-stream velocities of 

u∞ = 1.0 m/s, side (upper) and top (lower) projection, turbulence intensity Tu = 

1% 
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Figure 4. Turbulent kinetic energy k for free-stream velocities of u∞ = 0.25 

(upper), 1.0 (mid) and 2.5 m/s (lower), turbulence intensity Tu = 1%. 

 

Skin morphology 

 

Skin parameters of the common dolphin were compared in two locations, on 

the dorsal fin and on the body of the animal. Difference in mean values of thick-

ness of dermis and epidermis ridges, height of the subpapillary layer, as well as 

angle  was found significant at p<0.05. The significance of difference in mean 

values of the height of dermal papillary layer as well as total height of epidermis 

was found lower, at p>0.05.  

 

A sketch of the different skin three-dimensional structures for both sampling 

lines is presented in Figure 5. The height of the composite upper layer of skin 
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which presents the biological analog on to an anisotropic compliant wall in engi-

neering is similar at both locations. The difference in three-dimensional structure 

is related to the density and dimensions of the dermal ridges as well as their orien-

tation with respect to the flow direction. 

 

 
 

Figure 5. Sketch of three-dimensional structure of dolphin skin. A – on dorsal 

fin. B – along body. 

 

 

At similar velocity gradient the distribution of the skin parameters is not uni-

form along the fin and the body of the dolphin. The skin parameters HEP, HDP, 

and HSL which make up the “compliant wall of the dolphin” correlate with the ve-

locity gradient and smoothly decrease in caudal direction in both regions (figure 

6). This relation stands out stronger for HEP and HDP and is weaker for the HSL 

parameter. Apart of that, the thickness both of dermal and epidermal ridges is ne-

gatively correlated with the chord-wise velocity distribution. This correlation is 

stronger on the dorsal fin compared with the body region.  
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Figure 6. Variability of the flow and the skin structure parameters along two 

sampling lines. Data are normalized from 0 to 1.  

 

 

Data obtained for the dorsal fin of the common dolphin can be compared with 

the previous results of the study for the dorsal fin of a harbor porpoise Phocaena 

Phocaena. As the cross-sections of the fins are close to conventional airfoils, the 

hypothesis of a possible relation between skin morphology parameters and deriva-

tives of the functions of cross-sectional geometry was examined. For that purpose 

a curve fits of cross-sections of the dorsal fins were done with CurveExpert 1.4 by 

Daniel Hyams. The chord-wise thickness distribution Z(X) was interpolated by a 

4th degree polynomial fit with the following coefficients for the common dolphin: 

a= -1.20E-03, b= 3.49E-03, c= -3.23E-04, d=1.12E-05, and e= -1.77E-07. For the 

cross-section of the harbor porpoise the appropriate coefficients were: a= -9.50E-

01, b= 3.21E+00, c= -4.37E-01, d= 2.36E-02, and e= -4.79E-04. 

 

For the common dolphin it was found that sin ϕ has a negative correlation with 

the 1
st
 derivative of Z(X) function significant at p<0.05. This correlation revealed 

to be lower for the harbor porpoise. The difference in this correlation between two 

species is related with a less ordered arrangement of the dermal ridges on the dor-

sal fin of the harbor porpoise. The first two parameters of skin layer composition, 

HEP and HDP, have positive correlation with the 1
st
 derivative of Z(X) significant 

at p<0.05 in both species, while for the HSL this correlation was found to be low.  

 

Table 1. Correlations between skin morphology parameters and derivatives of 

the functions of cross-sectional geometry of the dorsal fin of common dolphin. 

Marked correlations are significant at p < .05000, N=20 (Casewise deletion of 

missing data). 
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 1st drv 2nd drv Pressure sin  HEP HDP HSL 

1st drv 1.00 -0.97 -0.03 -0.77 0.50 0.72 -0.12 

2nd drv -0.97 1.00 -0.14 0.82 -0.30 -0.54 0.31 

Pressure -0.03 -0.14 1.00 -0.19 -0.75 -0.56 -0.87 

sin  -0.77 0.82 -0.19 1.00 -0.09 -0.31 0.24 

HEP 0.50 -0.30 -0.75 -0.09 1.00 0.94 0.64 

HDP 0.72 -0.54 -0.56 -0.31 0.94 1.00 0.50 

SPL -0.12 0.31 -0.87 0.24 0.64 0.50 1.00 

 

 

Table 2. Correlations between skin morphology parameters and derivatives of 

the functions of cross-sectional geometry of the dorsal fin of harbor porpoise. 

Marked correlations are significant at p < .05000, N=20 (Casewise deletion of 

missing data). 

 

 1st drv 2nd drv Pressure sin  HEP HDP HSL 

1st drv 1.00 0.56 0.55 -0.21 0.67 0.80 -0.08 

2nd drv 0.56 1.00 -0.29 -0.44 0.92 0.78 0.71 

Pressure 0.55 -0.29 1.00 0.08 -0.19 0.09 -0.85 

sin  -0.21 -0.44 0.08 1.00 -0.25 -0.11 -0.19 

HEP 0.67 0.92 -0.19 -0.25 1.00 0.94 0.64 

HDP 0.80 0.78 0.09 -0.11 0.94 1.00 0.38 

SPL -0.08 0.71 -0.85 -0.19 0.64 0.38 1.00 

 

 

 

Discussion 

 

The challenge in biomimetics studies of natural phenomena is the complexity 

of the biological objects. As a rule, any biological structure is multifunctional by 

its nature and serves different functions. The main task in modeling of useful ef-

fects of a biological system is to reveal the variables that define the most part of 

the system behavior. In highly specialized systems showing an extremity in adap-

tation to (a) specific function(s), the number of significant variables can be li-

mited, that helps in modeling the biological phenomenon. The dolphin skin differs 

from the skin of terrestrial mammals by an unusually ordered inner structure and a 

considerably simplified composition with reduced glands, hairs, and layers of the 

epidermis. These peculiarities of the dolphin skin were considered as adaptation to 

the life in the water which are potentially able to decrease the friction drag.   

 

The choice of parameters relevant for the flow/skin interface is facilitated if 

one considers the dolphin skin as natural analogue of anisotropic compliant walls. 
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The latter have ordered inner structure and have a good potential in decreasing 

friction drag. In the general case, the wall matrix is reinforced by the aligned ele-

ments (fibers or voids) making the inner structure of the wall ordered [28]. The 

structure of the anisotropic wall is arranged so that rather than being displaced up 

and down by the fluctuating pressure it is displaced sideways as well making a 

substantial angle to the vertical, thereby generating a negative Reynolds shear 

stress on the compliant surface [30]. 

 

The first group of selected morphological parameters includes parameters of 

skin composition, i.e. the total height of the skin, as well as the height of two basic 

layers of skin. This corresponds to the basic design of a two-layer anisotropic 

compliant wall by Carpenter. The angle  presents the angle between flow direc-

tion and dermal ridges as an analogue to the ordered elements in the compliant 

wall matrix. The second group of parameters consists of the thickness of the or-

dered elements and distance between them. The parameters of this group can be 

considered as the next step from the two-dimensional case of an anisotropic com-

pliant wall to the more complex three-dimensional one. 

 

For a better understanding the correlations between local flow parameters and 

skin structure at two different locations having similar shape but different Rey-

nolds numbers, i.e., the body and dorsal fin of the dolphin, were compared. Addi-

tionally, the results for the dorsal fin were compared with the previously obtained 

data for the harbor porpoise. The last comparison aimed to reveal possible differ-

ences in the flow/skin interface in fast-swimming (common dolphin) and low-

swimming (harbor porpoise) species. 

 

 

The data obtained show obvious correlations between parameters of the two-

dimensional skin composition and relative gradients of the velocity and pressure. 

This correlation was found similar for the dolphin body and the fin, having differ-

ent ranges of Re number. A similar relationship was also observed for the parame-

ters of the three-dimensional structure of the skin. Apart from that, the relation be-

tween the angle  and pressure and velocity gradients was found to be non-linear.  

 

The results of this study allow to conclude that the stream-wise variability of 

the dolphin skin structure appears to be associated with the streamlined body 

geometry and corresponding gradients of the velocity and pressure rather than 

with specific local Re numbers.  The difference in results for the dolphin’s body 

and cross-section of the dorsal fin can be related to the degree of specialization of 

these two regions. The dorsal fin having a wing-like shape presents an extremum 

in hydrodynamic function while the fin cross-sections are close to conventional 

symmetrical airfoils. Apart from the body region, the relation between airfoil 

geometry and surface structure is presented clearer there. All morphological pa-
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rameters including the angle  correlate with the 1
st
 derivative of the interpolated 

cross-sectional geometry.  

 

Comparison of this correlation between common dolphin and harbor porpoise 

has shown that it is stronger for the first species. This distinction could reflect the 

difference in hydrodynamic performance, as the common dolphin is recognized to 

be a fast swimmer, while the harbor porpoise has an approximately half as large 

average-speed of swimming. To check if the difference in the flow/skin interface 

refers to the potential drag reduction rather than the taxonomic features, an addi-

tional study of species with different swimming performance is needed.  

 

Theoretical and experimental studies of compliant walls have shown that drag 

can be minimized by delaying the transition from laminar to the turbulent flow 

and by stabilization of the turbulent flow in the boundary layer. Potentially, a dol-

phin skin close to the anisotropic compliant wall design could reduce the friction 

drag in both ways.  Meanwhile, the potential drag-reducing effect depends consi-

derably on the external flow conditions, such as initial flow velocity and turbu-

lence level.  

 

A general question of possible friction-drag reduction by the skin of a swim-

ming dolphin can be posed as follows: Which flow conditions is it optimized for? 

Dolphins use a variety of swimming speeds and modes, the cruising speed is nor-

mally within the range of 1-4 m/sec, while the top speed of the burst can reach up 

to 8-10 m/sec. During swimming the active phase can be interspersed with gliding 

phases which anticipate different flow regimes and mechanisms of boundary-layer 

stabilization.  

 

From the point of view of optimization of energy expenditures, two hypotheses 

on potential drag-reducing properties of dolphin skin can be proposed. The first 

assumes that the skin is optimized for the cruising motion with moderate speed of 

swimming 1-4 m/sec in low depth with relatively high initial turbulence. The fact, 

that dolphins spend most of their time moving with moderate speed speaks in fa-

vor of this supposition. An alternative hypothesis, based on the “cheetah hunting 

strategy” [33], anticipates extreme energy expenditure for a short-time period with 

a chance to catch a prey and compensate energy losses. Following this idea, the 

dolphin skin could be optimized for the reduction of friction drag during fast 

swimming at moderate or high depth with relatively low initial turbulence.  

 

Outlook 

 

The next step in the study of the flow/skin interface in dolphins is getting the 

complete distribution of skin morphology and flow parameters all over the body of 

the dolphin. The complex geometry of dolphins presents a variety of specific local 

flow conditions that gives an opportunity to verify the relation between skin struc-
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ture and local flow parameters obtained in the ongoing study. An important prere-

quisite for a future study is the variability of the swimming performance and Re 

numbers of different species that allows carrying out comparative studies of the 

potential drag-reducing properties of dolphin skin. 

 

From the point of numerical simulation the next steps would include a more de-

tailed understanding of the marine turbulent environment to more accurately ac-

count for the reality in simulation boundary conditions. Furthermore unsteady ef-

fects on transition location due to swimming body motion would enable more 

insight to the phenomena whereas a comparative study of the possibilities of 

available turbulence modeling approaches can shed more insight in the limitations 

of simulation and in the end enable more precise answers to drag-reduction capa-

bilities of modeled compliant walls. 
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