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HYDROMECHANICS

Yu. M. LIPNITSKII

THEORETICAL STUDY OF SUPERSONIC
UNSTEADY FLOW PAST BLUNTED BODIES
(Presented by Academician G. I. Petrov on 2 III 1967)

Let us consider the supersonic flow past a blunted body of revolution (for exam-
ple, a sphere—cone) executing plane angular oscillations with frequency 𝜔 about
some center located on the axis of symmetry, according to the law

𝛼 = 𝛼0 cos 𝜔𝑡, (1)

where 𝛼 is the instantaneous value of the angle of attack; 𝛼0 is the amplitude
of the oscillations. In aerodynamics problems the conditions

𝛼0 ≪ 1, 𝛼0𝜔𝐿/𝑣∞ ≪ 1, (2)

are usually satisfied with high accuracy; these ensure that the velocities of dis-
placement of points of the body surface in the direction of the normal are small
in comparison with the velocity of the oncoming flow 𝑣∞ (𝐿 is a characteristic
linear dimension).

The conditions (2) make it possible to restrict ourselves to a linear approxima-
tion in the oscillation amplitude (1) and to represent the gasdynamic functions
in the form

𝑓 = 𝑓0 + 𝛼𝑓𝛼 + ̇𝛼𝑓𝛼̇,
𝑓 = ̇𝑣, 𝑝, 𝜌. (3)

Fig. 1. Distribution of the coefficients of the rotational derivatives 𝑐𝛼
𝑛 , ̇𝑐𝛼(0)

𝑛 ,
𝑚𝛼(0)

𝑧 and 𝑚̇𝛼(0)
𝑧 along the generatrix of a blunted cylinder sphere (𝜃𝑠 = 0∘) at

Mach numbers 𝑀∞ = 3 (solid curves) and 𝑀∞ = 20 (dashed).

The parameters with subscript 0 describe the basic field arising in steady flow
past the body; the parameters with subscripts 𝛼 and ̇𝛼 describe the fields of
unsteady disturbances that are in phase with the angle of attack 𝛼 and the
angular velocity ̇𝛼, respectively.
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Figure 1: Fig. 1. Distribution of the coefficients of the rotational derivatives
𝑐𝛼

𝑛 , ̇𝑐𝛼(0)
𝑛 , 𝑚𝛼(0)

𝑧 and 𝑚̇𝛼(0)
𝑧 along the generatrix of a blunted cylinder sphere

(𝜃𝑠 = 0∘) at Mach numbers 𝑀∞ = 3 (solid curves) and 𝑀∞ = 20 (dashed).

Figure 2

Figure 2: Figure 2

Substituting the expansion (3) into the system of gas-dynamic equations, writ-
ten for absolute motion in a moving coordinate system rigidly attached to the
body, and restricting ourselves to a linear approximation in the oscillation am-
plitude, we obtain a system of nonlinear partial differential equations for de-
termining the steady flow field, as well as two linear systems describing the
propagation of disturbances in phase with 𝛼 and ̇𝛼 (1).
It should be noted that the method of treating unsteady disturbances in the
linear formulation is widely used (2,3 et al.); however,

for blunt bodies up to the present time solutions have not been obtained, owing
to the great difficulties in determining the gas-dynamic functions of the steady
flow.

The development of numerical methods has made it possible to solve the problem
of the steady flow of a supersonic gas stream past blunt bodies both for the
subsonic and for the supersonic regions of the flow.

In the present paper results are given of investigations of the unsteady charac-
teristics of the flow past blunt bodies. The systems of differential equations and
the boundary conditions for the supersonic unsteady flow past blunt bodies are
given in paper (1), where a numerical method for their solution in the subsonic
and transonic regions is presented. In solving systems of differential equations
with indices 0, 𝛼, and ̇𝛼 in the supersonic region, the numerical method proposed
in paper (4) was used.

Fig. 2. Distribution of the steady pressure 𝑝0 and of the coefficients 𝑝𝛼 and
𝑝𝛼̇ along the generator of a cylinder for 𝑀∞ = 3 (solid curves) and 𝑀∞ = 20
(dashed line)

Systematic calculations were carried out for cones blunted by a sphere in the
range of Mach numbers of the incident flow 𝑀∞ = 2.5 ÷ ∞ and cone semi-
vertex angles 𝜃𝑠 = −10 ÷ 30∘. It should be noted that, since for bodies of the
sphere–cone type at the junction point the curvature of the surface undergoes a
discontinuity, then along the characteristic issuing from the point of discontinu-
ity of the contour curvature there will be discontinuities in the first derivatives
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Fig. 3. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ along the generator of reverse cones
blunted by a sphere, with inclination angles 𝜃𝑠 = −5∘ (solid curves) and

𝜃𝑠 = −10∘ (dashed), at 𝑀∞ = 20

Figure 3: Fig. 3. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ along the generator of reverse
cones blunted by a sphere, with inclination angles 𝜃𝑠 = −5∘ (solid curves) and
𝜃𝑠 = −10∘ (dashed), at 𝑀∞ = 20

of the gas-dynamic parameters of the steady flow, as well as in the functions
themselves that describe the disturbance fields. In order not to construct solu-
tions separately for the regions before and after the discontinuity characteristic,
analytic smoothing of the contour was carried out.

To clarify the influence of the number 𝑀∞ on the distribution of pressure dis-
turbances 𝑝𝛼 (in phase with the angle of attack 𝛼) and 𝑝𝛼̇ (in phase with the
angular velocity ̇𝛼), calculations were performed for a cone blunted by a sphere,
with semi-vertex angle 𝜃𝑠 = 15∘, at 𝑀∞ = 2.5; 3; 4; 20. At large values of 𝑀∞
(𝑀∞ = 20), the presence of bluntness leads to a sharp drop in pressure (the
appearance of “pressure hollows”) in steady flow (5).
For the disturbance in phase with 𝛼, the bluntness leads to a sharp drop in
the value of 𝑝𝛼, and 𝑝𝛼 reaches a minimum considerably earlier than 𝑝0. The
quantity 𝑝𝛼̇ continues to increase also in the region of the“hollow”of the steady
pressure 𝑝0, since the distance from the center of oscillation to the current section
increases (for all variants the center of oscillation was located in the nose of the
sphere). The angle of inclination of the curve 𝑝𝛼̇ to the axis of symmetry of the
body in this region has the smallest value. At 𝑀∞ = 2.5; 3, the intens—

the intensity of the detached shock wave is considerably weaker, the“pocket”of
steady pressure is practically absent, the deviation of 𝑝𝛼 from the mean value
does not exceed 10–15%, and the dependence of 𝑝𝛼̇ on ̄𝑧 for ̄𝑧 > 2 is linear, which
corresponds to a sharp cone ( ̄𝑧 is the body length referred to the bluntness radius
and measured from the center of the sphere).

As the cone semi-vertex angle decreases at 𝑀∞ = 20, the “pocket”of 𝑝𝛼 shifts
toward larger 𝑧, becomes more extended but of lower intensity; the curve of 𝑝𝛼̇
monotonically approaches an asymptote.

Of particular interest are the aerodynamic characteristics of a cylinder blunted
by a sphere. The point is that the presently widely used method of local cones
does not make it possible, at zero angle of attack, to determine the contri-
bution of the cylindrical surface to the rotational derivatives of the resultant
aerodynamic forces and moments. The calculations performed show that, for a
sufficiently long body, the total damping characteristics are determined by the
cylindrical surface (Fig. 1).

Fig. 3. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ along the generator of reverse cones
blunted by a sphere, with inclination angles 𝜃𝑠 = −5∘ (solid curves) and 𝜃𝑠 =

sovietrxiv.org/items/ru-196801.11049 Machine Translation

https://sovietrxiv.org/items/ru-196801.11049


Fig. 4. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ for a body with a positive break in the
generatrix at Mach number 𝑀∞ = 2.5

Figure 4: Fig. 4. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ for a body with a positive break
in the generatrix at Mach number 𝑀∞ = 2.5

−10∘ (dashed), at 𝑀∞ = 20.

As for the distributed characteristics (Fig. 2), at 𝑀∞ = 20 𝑝𝛼, in absolute
value, decreases monotonically along the generator of the cylinder, reaching
zero at ̄𝑧 = 10; at 𝑀∞ = 3 the quantity 𝑝𝛼 changes sign, then approaches
zero. The curve 𝑝𝛼̇ has a maximum, the position and magnitude of which are
determined by the Mach number of the oncoming flow.

Figure 3 gives the dependences of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ on ̄𝑧 for reverse cones (𝜃𝑠 =
−10∘; −5∘) joined to a sphere, at 𝑀∞ = 20. The graph illustrates the monotonic
decrease of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ with increasing inclination angle of the reverse cone.

It should be noted that the distribution of 𝑝𝛼̇ shown in Fig. 3 indicates that
the contribution of the conical surface to the total damping characteristics must
be taken into account. The steady aerodynamic characteristics of bodies of
this kind are determined mainly by the frontal surface. On the basis of the
calculations performed, it may be assumed that the contribution of the reverse
cone to the damping characteristics will be significant not only for the bodies
considered here, but also for bodies of the segment–reverse-cone type.

The quantities 𝑚𝑎(0)
𝑧 and 𝑚̇𝑎̇(0)

𝑧 (in Fig. 1) are determined relative to the nose
of the sphere; the quantity ̇𝑎 is referred to 𝑤𝑚/𝑅; ̇𝛼 to 𝑣∞/𝐿; 𝑝0, 𝑝𝛼, and
𝑝𝛼̇ to 𝜌∞𝑤2

𝑚 (𝑤𝑚 is the velocity of outflow into vacuum, 𝑅 is the radius of the
spherical bluntness). To determine the damping moment 𝑚𝛼̇

𝑧 relative to another
center of oscillation located on the axis of symmetry of the body, it is sufficient
to use the formula

Fig. 4. Distribution of 𝑝0, 𝑝𝛼, and 𝑝𝛼̇ for a body with a positive break in the
generatrix at Mach number 𝑀∞ = 2.5

𝑚̄𝛼̇
𝑧 = 𝑚𝛼̇(0)

𝑧 − (𝑐𝛼̇(0)
𝑛 + 𝑚𝛼(0)

𝑧 ) Δ𝑥/𝐿 + 𝑐𝛼
𝑛(Δ𝑥/𝐿)2. (4)

Here a positive value of 𝑚̄𝛼̇
𝑧 corresponds to damping.

The program compiled for the electronic digital computer makes it possible to
calculate bodies with positive and negative breaks in the generatrix. In this
case, when solving the problem in a nonuniform field, either an attached shock
wave or a discontinuity characteristic is incorporated. As an example, Fig. 4
gives the distribution of 𝑝𝑐, 𝑝𝛼, and 𝑝𝛼̇ over the surface of a cylinder and cones
joined to it with 𝜃yu = 5, 10, and 15∘.

sovietrxiv.org/items/ru-196801.11049 Machine Translation

https://sovietrxiv.org/items/ru-196801.11049


The author expresses gratitude to G. F. Telenin for his constant attention to the
work and to Yu. N. D’yakonov for assistance in mastering the finite-difference
method used.

Received
16 II 1967

CITED LITERATURE
1. G. F. Telenin, Yu. M. Lipnitskii, Izv. AN SSSR, Mekhanika zhidkosti i

gaza, No. 4 (1966).

2. S. M. Belotserkovskii, Izv. AN SSSR, OTN, No. 7 (1956).

3. G. F. Telenin, G. P. Tinyakov, Mekh. i mashinostr., No. 2 (1961).

4. K. I. Babenko, G. P. Voskresenskii, Zhurn. vychislit. matem. i matem.
fiziki, 1, No. 6 (1961).

5. Yu. N. D’yakonov, N. A. Zaitseva, Izv. AN SSSR, Mekh. i mashinostr.,
No. 1 (1963).

Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196801.11049 Machine Translation

https://sovietrxiv.org/items/ru-196801.11049

	Abstract
	Full Text
	THEORETICAL STUDY OF SUPERSONIC UNSTEADY FLOW PAST BLUNTED BODIES
	CITED LITERATURE


