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Background. The best swimmers have a streamlined shape that provides a flow pattern without boundary 
layer separation and delays the laminar-to-turbulent transition. Their shape itself could be the reason of 
small drag and high locomotion velocity. The fastest fish, e.g., sailfish, swordfish, black marlin, etc. have 
another feature of their shape – a very sharp nose – rostrum, the purpose of which remains unclear. Popular 

belief that the rostrum is used by these predators to pierce their prey is often disputed. 
Objective. In this study, we analyze the hydrodynamic aspects of the rostrum presence and the possible use 
of similar hulls for supercavitating underwater vehicles and fast penetration into water. We illustrate that 
shapes with the very sharp nose could be useful for hypersonic motion in order to eliminate overheating of 
the vehicle fuselage. 
Methods. We use the known exact solutions of the Euler equations for the incompressible fluid to simulate 
the pressure distribution on the bodies of revolution with a sharp nose. The slender body theory is used to 
simulate the supercavitation and the axisymmetric air flows at high Mach numbers.  
Results. Bodies of revolution with a rostrum similar to trunks of the fastest fish (sailfish, swordfish, black 
marlin) and corresponding pressure ant temperature coefficients were calculated. The proposed shapes ensure 
no stagnation points and no high pressures and temperatures on their noses at sub- and supersonic speeds 
both in water and air. The drag on such bodies of revolution was estimated for attached, supercavitating and 
supersonic flow patterns.  
Conclusions. A method of calculation of axisymmetric bodies without stagnation points on their surface was 
proposed. This peculiarity of the shape allows diminishing the maximum pressure and temperature on the 
nose without a significant increase in drag. Such shapes with the sharp concave nose could be recommended 
for high-speed attached and supercavitating bodies of revolution and for the hypersonic motion. 

Keywords: water animal locomotion; bodies of revolution; load reduction; drag reduction; shape optimization; 
unseparated shapes; supercavitation; hypersonic flows. 
  

 

Introduction 

The high swimming speed of aquatic animals 

continues to draw attention to the shape of their 

bodies. For example, the best swimmers have a 

streamlined shape that provides a flow pattern 

without boundary layer separation [1–3]. This de-

lays the laminar-to-turbulent transition and reduc-

es drag. The estimates in [4] show that the critical 

Reynolds number can be quite high for special 

shaped unseparated bodies of revolution, similar to 

the bodies of aquatic animals. This fact allowed us 

to conclude that the shape itself can provide low 

drag inherent in laminar flow [4], and very simply 

solve the well-known Gray paradox concerning the 

dolphin swimming [5–9].  

 The fastest fish, e.g., sailfish Istiophorus platyp-

terus Show and Nodder, swordfish Xiphias gladius L., 

black marlin Makaira indica Cuv et Val., etc. [1, 10, 11], 

have another feature of their shape – a very sharp 

nose – rostrum, the purpose of which remains un-

clear. Popular belief that the rostrum is used by 

these predators to pierce their prey is often dis-

puted [12]. In this study, we will analyze the hy-

drodynamic aspects of the rostrum presence and 

the possible use of similar hulls for supercavitating 

underwater vehicles and fast penetration into water. 

We will illustrate that shapes with the very sharp 

nose could be useful for hypersonic motion in order 

to eliminate overheating of the vehicle fuselage. 

Materials and methods 

Simulation of steady axisymmetric flows by 
sources and sinks 

We will use the standard expressions for Rey-

nolds and Mach numbers: 
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where L and V are the body length and volume; 

  is the kinematic viscosity; U  and a  are the 

flow and sound speeds at infinity. We assume the 

Reynolds numbers (first two equations (1)) to be 

large enough (for example, Re 50000)L   such that 

the boundary-layer thickness can be neglected and 

fluid outside a body and a thin layer on its surface 

can be treated as ideal.  
If 1,M   the potential flow of a source with 

intensity Qi located at the point ( ,0)i  can be 

expressed by the streamline function [13]: 
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where x, r are cylindrical coordinates; Ci is a 

constant value. Then the dimensionless (based on 

)U  components of the flow velocity x ixv v  and 

r irv v  can be calculated from (2) as follows:  
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The rigid body shape R(x) can be obtained 

from (2) with the use of simple equation [16]: 

( , ( )) 0.i x R x                     (5) 

The nose of the body is located at the axis of 

symmetry r = 0 and its coordinate xn can be calcu-

lated with the use of (3) as follows: 

.
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The velocity at this point is equal to zero (see 

(3), (4)); the pressure p and pressure coefficient  
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reach their maximum values (p  and   are the 

pressure and the fluid density in the ambient flow). 

Thus the nose of the body has a stagnation point 

with the maximum pressure.  

With the use of n sources and thinks (Qi < 0) 

located at the axis of symmetry, different bodies of 

revolution can be simulated by adding correspond-

ing functions ,i  ixv  and :irv  
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Similar to (5), their radii R(x) may be calcu-

lated from 

1
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If the total intensity of sources if equal to the 

total intensity of sinks 
1

( 0),
n

i
i

Q


  it is possible to 

obtain a closed body of revolution. Otherwise the 

body is unclosed (see examples in [3, 4]). Equa-

tions (8) and (9) can be treated as an exact solu-

tion of Euler equations for inviscid incompressible 

fluid.  

Slender body theories 

The method presented in previous Subsection 

allows calculating the flow around a body of a giv-

en shape or with a given pressure distribution on 

its surface, provided the use of appropriate algo-

rithms for selecting the distribution of intensities of 

sources and sinks (in some cases also dipoles or 

other singularities are necessary, see, e.g., [14]). 

If the body of revolution is elongated (L/D >>1, 

D is the maximum diameter, see Fig. 1) and moves 

along the axis of symmetry, it is possible to use 

slender body theories which allow calculating the 

sources distribution q(x) with the use of R(x) at 
different Mach numbers.  

In particular, instead of (8) we can use the fol-

lowing expression for the streamline function [13]: 
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Here we use dimensionless coordinates based 

on the body length L. The velocity components 

and the pressure coefficient can be obtained from 

(10) with the use (3), (4) and (7). In particular, for 

pressure coefficient the following formula can be 

used [13]: 
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Figure 1: Comparison of exact solutions and the slender body theory for two different shapes. Blue lines correspond to sources dis-

tribution (15), black lines – distribution (16). Exact solution (8), (9) was used to calculate body shapes (R(x)10, solid lines); dashed 

lines show corresponding pressure coefficient (7); dotted lines illustrate the application of the linear theory to calculate the pressure 
coefficient (12) with the use of exact solution for the body radius 
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can be used to calculate the temperature coeffici-

ent for supersonic flows in air, [13]. Here T and 

T  are temperatures (local and in the ambient flow 

respectively), Rg is the gas constant.  

 Some approximate formulas relate the local 

pressure on the slender body surface with its local 

radius [15, 16]: 
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It was shown in [16], that equation (14) is valid for 

both sub- and supersonic flows. 

If  
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the integral in formula (10) can be replaced by 

sums similar to (8). In particular, at M  = 0 such 

replacement yields an exact solution of Euler equ-

ations coinciding with (8), (9). In our MATLAB 

codes we have used sums instead of integral (10). 

Examples of calculations are shown in Fig. 1 for 

two different sources intensities distributions: 
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where a, b, c, d, a1 and *x  are constant parameters. 

Fig. 1 illustrates that distribution (16) yields 

concave nose of the body and much smaller values 

of pressure on it. The pressure distributions corres-

ponding to the exact solution and the slender body 

theory are rather close (except for the midline of 

the body). It follows from (3) and (10) that: 

2( )/xv q x x                      (17)  

near the point (0,0). It follows from (15) and (17) 

that axial velocity is still infinite (like in the case of 

single source (3) at the point ( ,0)i ). It means that 

corresponding body has a stagnation point at some 

negative value of x (not shown in Fig. 1). For 

comparison, distribution (16) yields a small value 

of xv  in (17) and the absence of the stagnation 

point on corresponding body with the concave 

nose (see solid black line in Fig. 1).  
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Figure 2: Axisymmetric shapes with rostrums (solid lines) similar to sailfish (green), swordfish (blue) and black marlin (black). 
Dashed lines correspond to pressure distributions. Red lines show the shape (dotted) without concave nose and corresponding pres-
sure distribution (dashed) calculated in [4] with the use of distribution (15) 

 

Figure 3: A zoomed part of Fig. 2 

Results  

The maximal swimming speed of the fastest 

fish (e.g., sailfish Istiophorus platypterus Show and 
Nodder, swordfish Xiphias gladius L., black marlin 

Makaira indica Cuv et Val.) is around 30 m/s [1, 10, 

11]. At such high velocities, the pressure at a stag-

nation point exceeds the ambient one by 4.5 atm. 

(see eq. (7)). Probably, rostrums allow these ani-

mals to remove stagnation points and high pres-

sures on the body surface. To support this hypo-

thesis, a series of calculations has been carried out 

with the use of exact solution (8), (9) and the 

sources/sinks intensity distribution (16). The results 

are shown in Figs. 2 and 3.  
Shapes with sharp concave rostrums and with-

out stagnation points were obtained. The values of 

the parameters a, b, c, d, a1 and *x  in (16) were 

chosen to obtain a rather good similarity with the 
trunks of sailfish, black marlin and swordfish. To 
investigate what happens when the body nose is 
not concave, the distribution (15) was used without 

changing the values of parameters a1 and *.x  The re-

sults of similar calculations can be found also in [4]. 
The corresponding body radius (red dotted line) 
and the pressure distribution (red dashed line) are 
also shown in Figs. 2 and 3. It can be seen that ra-
ther small changes of shape (compare green solid 
line and red dotted one in Fig. 2) cause significant 
difference in pressure distributions (compare green 
and red dashed lines). In particular, there is a 
stagnation point on the shape with convex nose 
(red dotted line) located very close to the point 
(0,0), which is not shown in Figs. 2 and 3. 

R
(x

),
 c

p
(x

) 

x 

R
(x

),
 c

p
(x

) 

x 



Innov Biosyst Bioeng, 2020, vol. 4, no. 4                                                                                                                                                 173 

                                                                                                                                        173  

 

Figure 4: Shape of axisymmertic body with the rostrum (black lines) calculated with the use of exact solution (8), (9) at M = 0. 
Dashed lines correspond to the pressure distributions calculated with the use of (12). Green, blue and red lines correspond to M = 0; 
0.5 and 0.9 respectively 

 

The absence of a stagnation point is very im-

portant at high velocities when the corresponding 

pressure increases drastically 2(p U  according to 

equation (7)) and the fluid compressibility has to 

be taken into account. To simulate the influence of 

Mach number, a new series of calculations has been 

performed with the use of (8), (9), (12) and the 

sources/sinks intensity distribution (16). At M  > 0 

this solution in no more exact, but it accuracy can 

be rather good as Fig. 1 demonstrates. The results 

are shown in Fig. 4. The body shape (black lines) 

was calculated with the use of exact solution at 

M  = 0. The pressure distributions for M  = 0, 0.5 

and 0.9 were calculated with the use of approx-

imate formula (12) (green, blue and red lines re-

spectively). It can be seen that the body with a 

sharp concave rostrum can ensure small values of 

the pressure coefficient and absence of the stagna-

tion point on its surface in a subsonic flow. 

Discussion  

Drag on bodies of revolution with rostrum 

The absence of the stagnation point does not 

remove the question of the hydrodynamic drag on 

bodies with a rostrum. At small Mach numbers the 

minimum possible value of the drag can be achi-

eved by eliminating the boundary-layer separation. 

In this case, not only the pressure drag decreases, 

but also the frictional one due to the delay of the 

laminar-to-turbulent transition [4]. On the bodies 

of revolution with the rostrum shown in Figs. 1–4, 

the pressure increases on their noses (in compar-

ison with the bodies without rostrum shown in 

Figs. 1–3, calculated and tested in [3, 4, 17–19]). 

These positive pressure gradients can cause separa-

tion, the presence or absence of which requires 

further research. But it is worth noting that expe-

riments with rigid bodies similar to the body shape 

of sailfish and swordfish revealed an attached flow 

pattern [1]. Unfortunately, the book [1] does not 

specify in what way the lack of the boundary-layer 

separation was proved. 

If there is no separation on the surface of the 

body with the rostrum, then its drag X can be es-

timated by the formula [4]: 
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for Reynolds numbers less than the critical value [4]: 
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It is seen from (18) that the value of drag does not 

depend on the shape and taking into account also 

(1) we can obtain: 3/2 1/2X U V (similar to other 

slender bodies of revolution without boundary-layer 

separation [4]).  

The maximal speed maxU (in m/s) of an ani-

mal or a vehicle providing the laminar attached 

flow pattern was estimated in [4] as follows:  
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Figure 5: Shapes of axisymmertric cavitators, cavities and parts of the hulls located inside the cavities at  =  = 0.1. Green, black 
and red lines represent the cavitator radii at b1 = 0.0025; 0.002 and 0 respectively. Blue, magenta and brown lines show the cavity 

shapes (dotted) and shapes of the hulls (solid) located in the corresponding cavities at  = 0.1, 0.06 and 0.04 respectively 

The body (hull) length in (19) must be taken in 

meters. The ratio 7/9
max /U L  calculated in [4] is 

13–20.8 for sailfish, 11.5–15.1 for swordfish and 

8.4–11.8 for black marlin. These values approach 

the maximal one (see (19)) and are higher or 

comparable than for some other good swimmers 

which have no rostrsharks, dolphins, tunas). The 
7/9

max /U L  ratios for torpedoes Mark 48 and 

Spearfish (having no rostrum) are 7.23 and 9.17 

respectively [4]. Thus, we can conclude that the 

presence of rostrum does not increase the drag. 

Supercavitating bodies of revolution with con-
cave cavitatiors 

At high speed motion in water, the local 

pressures and the cavitation number 
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decrease and cavitation occurs [20–23]. In formu-
la (20) we have neglected the pressure inside the 
cavity in comparison with the atmospheric pres-
sure, corresponding to the water column of 10 m; 
hm is the depth of steady motion in meters. 
Nevertheless, pressures at the stagnation points 
can be very high according to the formula (7). 
E.g., at the nose of a slender cone entering the 
water at speed 1000m/s, the local pressure can 
reach 5000 atm. and can cause the destruction of 
the entering body.  

 To avoid this huge pressure increase, the spe-
cial shapes without stagnation points can be used. 
In particular, special shaped concave cavitators 
(parts of the hulls wetted by water) were proposed 
in [24]: 

 2
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Here and further in this Subsection, all di-
mensionless lengths (marked with a "wave") are 
based on the value of the cavitator radius R0 at the 

point of cavity separation 0.x   The conical cavi-
tator corresponds to b1 = 0, and the parameter   is 

equal to the derivative of the radius of the cavitator 

at 0.x   At  = 0.1; b1 = 0.0025, eqs. (11) and 

(21) allow obtaining the sources distribution (16) 
with d  = 0. It means that corresponding concave 

cavitator has no stagnation point (see (17)).  
 The friction drag can be diminished, when 

some part of the hull is located inside the cavity to 
avoid a contact with the water flow. To calculate 
the cavity shape, eq. (14) can be integrated with 
the use of the conditions of continuity of the ra-

dius and its derivative at 0:x   

2
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Here we use the condition .    The accuracy of 

the first approximation equation (22) can be increa-
sed with the use of next approximations which are 
dependent on the Mach number [25].  

The examples of cavitators (eq. (21)), cavities 
(eq. (22)) and parts of the hulls located inside 

the corresponding cavities at 0.1     are shown 

in Fig. 5. Green and black lines represent concave 

cavitators, but only green one (corresponding 
b1 = 0.0025) has no stagnation point. For compari-
son the conical cavitator is shown by the red line. 
Each of these 3 cavitators can be combined with 
the parts of the hull located inside the correspond-
ing cavities (blue, magenta and brown lines). 
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Figure 6: Shape of the slender body of revolution with the rostrum and pressure/temperature coefficients distributions at different 

values of Mach number. Black lines represent the body radius (R(x/L)5, solid) and cp (x/L) (dashed) calculated with the use of 
exact solution (8), (9) and the sources/sinks distribution (16). Dashed blue, magenta, brown and green lines show the pressure 

and temperature coefficients on the surface of this body calculated with the use of (12) and (13) at M = 3; 5; 10 and 20 respectively 

The pressure drag Xp on cavitator and corres-

ponding volumetric drag coefficient VpC  

2 2/3

2 p
Vp

X
C

U V 




 

was calculated in [24] with the use of exact solu-

tion (similar to proposed in [16]) based on (21), 

(22) and corresponding sources/sinks distributions 

(11) at M  = 0. The volume of the hull V was as-

sumed to be equal to the total volume of cavitator 

and the corresponding cavity (the volume the gap 

between the hull and the cavity surface was neglec-

ted). The results of calculations demonstrated that 

the pressure drag coefficient is minimal for the con-

cave cavitator without stagnation point (b1 = 0.0025 

[24]). The friction drag on concave cavitator could 

be larger in comparison with the conical one. But 

for concave cavitator with b1 = 0.0025, the surface-

to-volume ratio is only 11% higher then for conic-

al one (b1 = 0). Therefore, at fixed volumes, the 

bodies of revolution without stagnation points re-

move high pressures on their surface without in-

creasing the drag.  

Hypersonic bodies of revolution with rostrums 

For a vehicle moving in the air at high Mach 

numbers, it is critical to reduce the heating of its 

surface (see, e.g., [26–31]). Many different ap-

proaches have been proposed to optimize the shape 

of hypersonic hulls [32–39], but the von Karman 

ogive [40] remains the most common shape of the 

axisymmetric hypersonic forebody [41]. Even non-

blunt conical noses proposed in [34, 41] cause a 

stagnation point and very high temperatures. Ac-

cording to (13) the local temperature of air can be 

estimated as: 

2
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in the vicinity of the stagnation point. The velocity 

U  in (23) must be taken in m/s. For example, at 

U  = 3000 m/s, the local temperature exceeds the 

ambient one by 4476 K. 
If the shape of the body provides a flow with-

out the stagnation point, the heating of its nose 

surface can be significantly reduced. The results of 

calculations are shown in Fig. 6 for different values 

of the Mach number. Since the pressure and tem-

perature coefficient are very close for slender bo-

dies (see (13)), one curve represent the distribution 

of the pressure and the temperature versus longitu-

dinal coordinate x/L. At M  = 0 the body shape 

(solid black line) and pressure distribution (dashed 

black line) were calculated with the use of exact so-

lution (8), (9) and the sources/sinks distribution (16). 

Pressure and temperature coefficients on the sur-

face of this body were calculated with the use of 

(12) and (13) at M  = 3; 5; 10 and 20 (dashed 

blue, magenta, brown and green lines respectively). 

A significant pressure drag Xp occurs at super-

sonic speeds. The corresponding drag coefficient 

was calculated for the slender body of revolution 
presented in Fig. 6. The results are VpC  = 0.0077; 

0.0053; 0.0019 and 55.35 10  at M  = 3; 5; 10 

and 20 respectively. These values can be compared 

R

5
, 
c p

, 
c T
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with the VpC  value for Sears–Haack body (with 

blunt leading and trailing edges) which ensures the 

least pressure drag ant fixed volume and length [40]: 

4/3

4

128
.Vp

V
C

L



                  (24) 

Putting into (24) the value V/L3 = 42.365 10  

calculated for the body shown in Fig. 6, we obtain
45.96 10 .VpC    This figure is much smaller than 

listed below VpC  values for the body with rostrum 

(shown in Fig. 6), but at M  = 20 this body has 

much lower pressure drag coefficient. This fact re-

quires further research. 

Fig. 6 shows that the temperature coefficient 

on the entire body surface does not exceed 0.02. 

This means that special body shapes with rostrums 

can reduce the maximum temperature on their sur-

face by more than 50 times. In particular, at a speed 

of 3000 m/s, this maximum temperature exceeds 

the ambient one by no more than 90 K on the en-

tire surface of the body shown in Fig. 6.  

Conclusions  

Bodies of revolution with a rostrum similar to 

trunks of the fastest fish (sailfish, swordfish and 

black marlin) were calculated with the use of exact 

solution of Euler equations. The corresponding 

flow patterns have no stagnation point. This fact 

allows diminishing the maximum pressure on the 

surface. Similar shapes with the sharp concave 

nose could be recommended for cavitators in order 

to reduce significant local loads on the high-speed 

supercavitating bodies of revolution without loses 

in volumetric drag coefficient. Proposed axisym-

metric bodies also demonstrate significant reduces 

in air temperature on the surface at high Mach 

numbers. 
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ФОРМИ ТІЛА НАЙШВИДШИХ РИБ І ОПТИМАЛЬНІ СУПЕРКАВІТАЦІЙНІ ТА ГІПЕРЗВУКОВІ ТІЛА ОБЕРТАННЯ 

Проблематика. Найкращі плавці мають обтічну форму, яка забезпечує течію без відриву примежового шару і затримує 
ламінарно-турбулентний перехід. Сама їх форма може бути причиною малого опору та високої швидкості руху. Найшвидші 
риби, наприклад вітрильник, риба-меч, чорний марлін тощо, мають ще одну особливість своєї форми – дуже гострий ніс – 
рострум, призначення якого залишається незрозумілим. Поширена думка, що ці хижаки використовують рострум для проколю-
вання здобичі, часто піддається сумніву. 
Мета. У цьому дослідженні ми аналізуємо гідродинамічні аспекти наявності роструму та можливе використання подібних 
корпусів для суперкавітуючих підводних апаратів і швидкого проникнення у воду. Ми ілюструємо, що форми з дуже гострим 
носом можуть бути корисними для гіперзвукових рухів, щоб виключити перегрів фюзеляжу транспортного засобу. 
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Методика реалізації. Для моделювання розподілу тиску на тілах обертання з гострим носом використовуються відомі точні 
розв’язки рівнянь Ейлера для нестисливої рідини. Для моделювання суперкавітації та осесиметричної течії повітря за великих 
чисел Маха використовується теорія тонкого тіла. 
Результати. Розраховано тіла обертання з рострумом, подібні до тулубів найшвидших риб (вітрильника, риби-меч, чорного 
марліна) та відповідні коефіцієнти тиску і температури. Запропоновані форми забезпечують відсутність точoк гальмування пото-
ку та високого тиску і температури на носику на до- та надзвукових швидкостях як у воді, так і в повітрі. Було оцінено опір таких 
тіл обертання для безвідривних, суперкавітаційних і надзвукових схем обтікання. 
Висновки. Запропоновано метод розрахунку осесиметричних тіл без точок гальмування потоку на їхній поверхні. Ця  
особливість форми дає змогу зменшити максимальний тиск і температуру на носику без значного збільшення опору. Такі форми 
з гострим увігнутим носиком можна рекомендувати для високошвидкісних безвідривних і суперкавітаційних тіл обертання та для 
гіперзвукового руху. 

Ключові слова: пересування водних тварин; тіла обертання; зменшення навантаження; зменшення опору; оптимізація форми; 
безвідривні форми; суперкавітація; гіперзвукові течії. 

И.Г. Нестерук 

Институт гидромеханики НАН Украины, Киев, Украина 
КПИ им. Игоря Сикорского, Киев, Украина 

ФОРМЫ ТЕЛА САМЫХ БЫСТРЫХ РЫБ И ОПТИМАЛЬНЫЕ 
СУПЕРКАВИТАЦИОННЫЕ И ГИПЕРЗВУКОВЫЕ ТЕЛА ВРАЩЕНИЯ 

Проблематика. Лучшие пловцы имеют обтекаемую форму, которая обеспечивает течение без отрыва пограничного слоя и за-
держивает ламинарно-турбулентный переход. Сама их форма может быть причиной малого сопротивления и высокой скорости 
передвижения. Самые быстрые рыбы, например парусник, рыба-меч, черный марлин и т.д., имеют еще одну особенность фор-
мы – очень острый нос – рострум, назначение которого остается неясным. Распространенное мнение о том, что эти хищники 
используют рострум для прокалывания своей добычи, часто оспаривается. 
Цель. В этом исследовании мы анализируем гидродинамические аспекты наличия рострума и возможное использование по-
добных корпусов для суперкавитирующих подводных аппаратов и быстрого проникновения в воду. Мы иллюстрируем, что 
формы с очень острым носом могут быть полезны для гиперзвукового движения, чтобы исключить перегрев фюзеляжа транс-
портного средства. 
Методика реализации. Для моделирования распределения давления на телах вращения с острым носом ми используем из-
вестные точные решения уравнений Эйлера для несжимаемой жидкости. Для моделирования суперкавитации и осесиммет-
ричных течений воздуха при высоких числах Маха используется теория тонкого тела. 
Результаты. Рассчитаны тела вращения с рострумом, подобные туловищам самых быстрых рыб (парусника, рыбы-меч, черно-
го марлина), и соответствующие коэффициенты давления и температуры. Предложенные формы гарантируют отсутствие точ-
ки торможения потока и высокого давления и температуры на носике на до- и сверхзвуковых скоростях как в воде, так и в воз-
духе. Проведены оценки сопротивления таких тел вращения для безотрывных, суперкавитационных и сверхзвуковых схем об-
текания. 
Выводы. Предложена методика расчета осесимметричных тел без точек торможения на их поверхности. Эта особенность 
формы позволяет снизить максимальное давление и температуру на носике без значительного увеличения лобового сопро-
тивления. Такие формы с острым вогнутым носиком могут быть рекомендованы для высокоскоростных безотрывных и супер-
кавитационных тел вращения, а также для гиперзвукового движения. 

Ключевые слова: передвижение водных животных; тела вращения; снижение нагрузок; снижение сопротивления; оптимиза-
ция формы; безотрывные формы; суперкавитация; гиперзвуковые течения. 
 


