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ANALYTICAL SOLUTION OF A PROBLEM OF A COLLISION

OF TWO HYPERSONIC GAS FLOWS

FROM SYMMETRIC SOURCES

UDC 533.6.011.5 : 524.358.3N. N. Pilyugin

An asymptotic solution of the Euler equations that describe stationary interaction of two hypersonic
gas flows from two identical spherically symmetric sources and an integral equation determining the
shock wave shape are obtained with the use of a modified method of expansion of the sought functions
with respect to a small parameter, which is the ratio of gas densities in the incoming flow and be-
hind the shock wave. The solution of this equation near the axis of symmetry allows the shock wave
stand-off distance from the contact plane and the radius of its curvature to be found. It is shown that
the solution obtained agrees well with the known numerical solutions.
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Introduction. The problem of incidence of a nonuniform supersonic flow onto a plane target is of interest
in studying the dynamic and thermal effect of plasma jets on elements of flying vehicles and on the Earth’s surface
[1]. It is known that the flow in a supersonic jet escaping from an axisymmetric nozzle into vacuum can be modeled
by a flow at a certain distance from a spherical source [2]. A similar problem is encountered in astrophysics in
studying a collision of two identical star winds emanating from double star systems [3–5].

If the characteristics of both supersonic sources are identical, then the problem of the collision of two flows
reduces to the problem of interaction of a spherically symmetric supersonic flow with a plane target. In accordance
with this model, the flows of two gases are divided by a contact surface, which is a plane, and the interaction
region is enclosed between two shock waves. Each of the two symmetric domains between the shock wave (SW)
and the contact surface consists of subdomains of subsonic, transonic, and supersonic flows. This flow pattern
is similar to the pattern of supersonic flow around blunted bodies [6]. Various methods are currently used to
calculate stationary problems of an inviscid gas flow around blunted bodies; the most resource-intensive method
is based on the time-stabilization principle [1, 2]. Iterative methods, in particular, a method of global iterations,
are less resource-intensive [7, 8]. A method of global iterations based on iterations in terms of the bow SW shape
and the streamwise pressure gradient in the subsonic flow region was proposed in [7] to solve the problem of a
supersonic inviscid gas flow around blunted bodies. A more effective iterative-marching numerical algorithm based
on iterations in terms of the degree of deviation of the shape of normalized pressure profiles from the shape of local
similarity in the subsonic part of the shock layer was developed in [8]. In contrast to [7], the SW shape in [8] is not
specified at each iteration, but is calculated together with other sought functions by the marching method. Though
numerical methods for solving gas-dynamic equations have been well developed [9, 10], analytical and approximate
solutions of hypersonic gas-dynamic problems are still urgent; they are used: (i) for testing and verifying the
convergence of methods of the numerical solution of gas-dynamic equations; (ii) for approximating observation
results; (iii) as the initial approximation in iterative methods [6], in particular, in the method of global iterations
[7]; (iv) as a basis for solving more complicated problems. The solution of complicated problems with allowance

Institute of Mechanics, Lomonosov Moscow State University, Moscow 119192; pilyugin@yandex.ru. Trans-
lated from Prikladnaya Mekhanika i Tekhnicheskaya Fizika, Vol. 51, No. 2, pp. 61–70, March–April, 2010. Original
article submitted October 14, 2008; revision submitted April 6, 2009.

0021-8944/10/5102-0193 c© 2010 Springer Science +Business Media, Inc. 193



Fig. 1. Schematic of the flow: 1) domain of the flow from one source with the center
located at the point A; 2) domain of the flow behind the SW.

for dissipation, radiation, and nonequilibrium processes can be substantially simplified by means of splitting in
terms of physicochemical processes [9] and approximate solution of the gas-dynamic part of the problem. One
of the most effective approximate methods of solving the stationary Euler equations for a supersonic flow around
blunted bodies is Chernyi’s asymptotic method [11], which includes expansion of the sought functions with respect
to a small parameter, namely, the ratio of gas densities in the incoming flow and behind the SW. This method
was widely used to solve problems of a hypersonic uniform flow of a perfect gas around blunted bodies [6, 11] and
also problems of nonuniform flow [12] and radiative gas flow [13]. It seems of interest to develop this method for
studying a nonuniform gas flow past a plane. Gas-dynamic equations that describe a stationary hypersonic gas flow
escaping from a spherical source past a plane were solved numerically (by a time-dependent method) in [1, 2], and
an asymptotic solution of this problem was found in [14].

In this work, as in [14], expressions with accuracy to an arbitrary angle of SW inclination were obtained
by the method of expansion of the sought functions for gas-dynamic parameters in the shock layer. Based on the
parameters found, an integral equation determining the SW shape was derived. The solution of this equation near
the axis of symmetry made it possible to find the SW stand-off distance from the contact plane and the radius of
its curvature. It was demonstrated that the solution obtained agrees with the known numerical solution [2] much
better than the solution obtained in [14].

1. Formulation of the Problem. Let us study a collision of two hypersonic gas flows from identical
spherical sources. The distance between the centers of these sources is 2D. By virtue of symmetry, the contact
surface is a plane located at a distance D from the center of each source. Figure 1 shows the flow pattern in the case
of a collision of two identical supersonic flows. Let us introduce a cylindrical coordinate system (x, y) fitted to the
contact plane. The x distance is counted from the axis of symmetry along the plane, and the y distance is counted
along the normal to the plane (positive values of y correspond to the direction toward the source center A). We also
introduce a spherical coordinate system (r, ϕ) with the center at the point A. The angle between the tangential line
to the curvilinear shock wave S and the Oy axis is denoted by α. The vectors n and τ indicate the direction of the
tangential line and the normal at an arbitrary point N on the SW. The components of the velocity vector U are v1n

and v1τ ahead of the SW and v2n and v2τ behind the SW; the velocity components in the coordinate system (x, y)
are u and v. The relation of the components of the velocity vector U behind the SW v2τ , v2n with the components
u and v of the same vector in the coordinate system (x, y) is found by the formulas of rotation of the axes in the
velocity hodograph plane by an angle β.
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2. Solution of Gas-Dynamic Equations in the Flow Domain between the Source and the Shock
Wave. Let us consider a spherically symmetric hypersonic flow from a source with an effective radius R∗ with the
following gas-dynamic parameters specified on the source surface: Mach number M∗, density ρ∗, radial velocity U∗,
pressure p∗, and enthalpy of the gas h∗ at an arbitrary distance r from the source center. Then, the known solution
of gas-dynamic equations can be presented as [1, 2]
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where γ is the ratio of specific heats of the gas and M is the local Mach number. In two limit cases, Eqs. (1) yield
explicit dependences of the parameters on the distance r. In the first case, where a sonic velocity is reached on the
source (M∗ = 1) and (γ − 1)M2 � 1, we obtain
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In the other limit case, where a hypersonic velocity is reached on the source and the inequalities (γ − 1)M2
∗ � 1

and (γ − 1)M2 � 1 are satisfied, we have
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(3)

To determine the parameters on the SW on the side of the incoming flow (domain 1 in Fig. 1), we have to assume
that R = RS(x) in Eqs. (1)–(3), where RS(x) is a function determining the SW shape.

3. Rankine–Hugoniot Relations on the Shock Wave. To solve the gas-dynamic equations in the
shock layer located between the SW and the contact plane (domain 2 in Fig. 1), it is necessary to formulate the
boundary conditions. The Rankine–Hugoniot relations for the mass, momentum, and energy fluxes are satisfied
on the oblique shock wave [6, 11]. Using the known relations for the velocity components ahead of the SW and
behind it and resolving these relations with respect to the sought functions u, v, p2, and h2, we obtain the following
relations on the SW:

u = U(x)[(ρ1/ρ2) cosα sin (α+ ϕ) − sinα cos (α+ ϕ)],

v = −U(x)[(ρ1/ρ2) sinα sin (α+ ϕ) + cosα cos (α+ ϕ)];
(4)

p2 = p1 + ρ1U
2(x)(1 − ρ1/ρ2) sin2(α+ ϕ),

h2 = h1 + (U2(x)/2)(1 − ρ2
1/ρ

2
2) sin2 (α + ϕ).

(5)

Here, the quantities ρ1(x), p1(x), U(x), and h1(x) are found from Eqs. (3) with M∗ � 1, M � 1, and r = RS(x).
From Eqs. (5), we can easily obtain the ratio of densities on the SW:

ρ1

ρ2
=
γ − 1
γ + 1

+
2

(γ + 1)M2
S sin2(α + ϕ)

. (6)
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Here, MS = M∗(rS/R∗)γ−1 = M∗R
γ−1
S is the Mach number of the gas flow directly ahead of the SW. The following

geometric relations are also valid:

dxS

dy
= tan α(x), r sinϕ = x, r cosϕ = D − y. (7)

On the contact plane, we impose the no-slip condition v
∣∣∣
y=0

= 0.

4. System of Gas-Dynamic Equations in the Shock Layer. To obtain an approximate solution of
the problem, it is reasonable to write the Euler equations in the Mises variables [11, 13], i.e., pass from the x and y
coordinates to new independent variables x and ψ, where ψ is the stream function determined by the equality
dψ = ρux dy − ρvx dx.

Let us consider the case with M∗ � 1, M � 1, p1 � ρ1U
2, and h1 � U2/2. Taking into account the

boundary conditions (3)–(5) and following [1, 2, 14], we introduce the following dimensionless quantities for the
shock layer (domain 2 in Fig. 1):
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In these variables, the system of gas-dynamic equations in the shock layer takes the form
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In view of Eqs. (3), the boundary conditions on the SW (4), (5) at ψ = ψS(x) acquire the form

ū2(x̄) = [(ρ1/ρ2) cosα sin (α+ ϕ) − sinα cos (α+ ϕ)],

v̄2(x̄) = −[(ρ1/ρ2) sinα sin (α + ϕ) + cosα cos (α+ ϕ)], (9)

p̄2(x̄) = sin2(α+ ϕ)(1 − ρ1/ρ2)/R̄2
S(x), h̄2(x̄) = sin2(α + ϕ)(1 − ρ2

1/ρ
2
2).

With allowance for Eqs. (3) and flow geometry, the relation for the mass flux yields the dimensionless stream
function on the SW:

ψ̄S(x̄) =

x̄∫

0

sin (α+ ϕ)xdx
R̄2

S(x)
. (10)

Equation (10) can be written in another, clearer and more convenient form by presenting the expressions for
sin (α+ ϕ) and R̄S(x) as
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1 + x̄ȳ′S − ȳS√

1 + ȳ′2S
√
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Then, we obtain
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x̄∫
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1 + ȳ′2S [x̄2 + (1 − ȳS)2]3/2

dx̄,

where ȳS(x̄) is a function determining the SW shape.
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5. Asymptotic Solution of the Problem in the Shock Layer. At MS sin2(α+ ϕ) � 1, Eq. (6) yields

ε = ρ1/ρ2 → (γ − 1)/(γ + 1).

Thus, ε is a small parameter of the problem [11]. Using the method developed in [11], we can seek for the solution
in the form of power expansions of the sought functions with respect to the small parameter ε.

As it was noted in some papers (see [6, 14, 15]), however, to calculate the SW stand-off distance from the
contact plane more exactly, it is necessary to use a more exact expression for the tangential component of velocity,
calculating it in the next approximation in terms of ε. Therefore, we seek for the solution in the form of the following
expansions (the bar above the functions is omitted):

y = εy0, u2 = u2
0 + εu2

f + . . . , v = εv0 + . . . ,

p = p0 + εpf + . . . , ρ = ρ0/ε+ ρf + . . . , h = h0 + εhf + . . . .
(11)

Substituting Eq. (11) into system (8), we obtain the following system of equations for the first terms of the
expansions:

∂u0

∂x
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∂p0

∂ψ
= 0, v0 = u0

∂y0
∂x

,

∂h0
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√
u2
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f

.

(12)

Note that system (12) differs from a similar system obtained in [11]. It follows from Eq. (7) on the SW that

ε
dy0S

dx
= cot α.

From here, we obtain α = π/2 for ε→ 0. This solution, where the SW coincides with the contact plane already in
the zeroth approximation in terms of ε, was used in [14]. Below, we construct a solution that takes into account the
non-zero value of SW curvature already in the first approximation, in contrast to [14]. Let us demonstrate that the
SW stand-off distance obtained from the solution with a correction for SW curvature is in better agreement with
the results of numerical calculations than the SW stand-off distance obtained in [14] from the solution with ignored
SW curvature. For this purpose, we omit the terms O(ε) in the boundary conditions (9), making no assumptions
about the angle α for the moment. Then, the boundary conditions (9) on the SW can be written in the form

ψ = ψS(x): u0S(x) = − sinα(x) cos [α(x) + ϕ(x)], ufS(x) = 0,

v0S(x) = − cosα(x) cos [α(x) + ϕ(x)], p0S(x) = sin2[α(x) + ϕ(x)]/R2
S(x), (13)

h0S(x) = sin2[α(x) + ϕ(x)].

With allowance for Eqs. (13), the solution of system (12) acquires the following form with accuracy to an arbitrary
angle α:

u0(ψ) = − sinα(t) cos [α(t) + ϕ(t)], p0(x) = sin2[(α(x) + ϕ(x)]/R2
S(x),

h0(t) = sin2[α(t) + ϕ(t)], ρ0(x, t) = (2γ/(γ + 1))p0(x)/h0(t)
(14)

(t is the coordinate of the point where the streamline ψ enters the shock layer). The correction to the tangential
component of velocity has the form

u2
f(x, t) = −γ + 1

γ
h0(t) ln

(p0(x)
p0(t)

)
, (15)

and u2(x, t) = u2
0(t) + εu2

f(x, t). The current value of ψ corresponding to the coordinate t is determined
by the formula

dψ =
sin [α(t) + ϕ(t)]t

R2
S(t)

dt.
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The coordinate y0(x, t) is found from Eqs. (8) and the expressions obtained above:

y0(x, t) =
γ + 1
2γ

1
xp0(x)

t∫

0

zp0(z) sin [α(z) + ϕ(z)]
u(x, z)

dz. (16)

Substituting Eqs. (14) and (15) into Eq. (16), we obtain the relation for the function determining the SW shape at
t = x:

ysh
0 (x) =

γ + 1
2γ

1
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zp0(z) sin [α(z) + ϕ(z)]
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sin2 α(z) cos2[α(z) + ϕ(z)] − b1h0(z) ln (p0(x)/p0(z)), b1 = (γ − 1)/γ, yS(x) = εysh
0 (x).

Solution (17) obtained from the continuity equation has to be compatible with the geometric relation (7) for
the angle of inclination α(x) in the vicinity of the axis of symmetry. In a particular case with α = π/2, Eq. (17)
yields the formula determining the SW shape and the limiting expressions for u0, p0, and h0 [14]. In view of Eq. (7),
however, Eq. (17) is an integrodifferential equation, because there are functions of α(x) in the integral. The function
α(x), in turn, depends on the derivative y′Sx. To construct the solution of the integral equation (17) and refine
the value of the SW stand-off distance from the contact plane, we expand the functions involved in Eq. (17) into
a series with respect to the powers of x, confining ourselves to terms of the order O(x2). As a result, we obtain
algebraic equations for determining the curvature KS0 = R−1

S0 and the SW stand-off distance ysh
S (0) = Δ0. Non-

dimensionalizing Eq. (7), substituting α = π/2 −KS0x + . . . (KS0 is the SW curvature at the critical point) into
this equation, expanding the function tan (KS0x) into a series, and integrating the resultant expression, we obtain

ysh
S = Δ0 +

KSD

ε

x2

2
, yS = εΔ0 +

KSD

2
x2. (18)

We introduce the notation KSD = K0. Then, omitting the terms of the order O(ε2), O(x4), and also O(K2
0 ),

we obtain the expansions

R2
S(x) = 1 + x2(1 −K0), sin (α+ ϕ) =

1 +K0x
2/2

1 + x2(1 −K0)/2
,

cot2(α+ ϕ) = (K0 − 1)2x2 + . . . , (19)
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sin2(α + ϕ)
= 1 +Ax2 + . . . , A = 2 − 3K0, ln

(p0(x)
p0(t)

)
= A(t2 − x2) + . . . .

Substituting expansions (19) into the right side of Eq. (17) and calculating the integral, we have

ysh
0 (x) =

1
1 + ε

1
k0 +m0

(
1 +

Ax2

3
m0 + 2k0

m0 + k0

)
, (20)

where k0 =
√
B + b1A, m0 =

√
b1A, and B = K0 − 1− b1A. The left side of Eq. (20) is expansion (18). Comparing

the coefficients at the powers x0 and x2 in the left and right sides of Eq. (20) and applying some transformations,
we obtain two algebraic equations for Δ0 and K0:

yS(0) = εΔ0 =
b

4
1

1 −K0 +
√
b(2 − 3K0)/2

, b =
4ε

1 + ε
= 2

γ − 1
γ

; (21)

K0 =
b

6
2 − 3K0

[1 −K0 +
√
b(2 − 3K0)/2 ]2

[
√
b(2 − 3K0)/2 + 2(1 −K0)]. (22)

Equation (22) does not involve Δ0 and can be solved independent of Eq. (21).
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Fig. 2 Fig. 3

Fig. 2. SW curvature K0 versus ε: calculation with no allowance for the correction εu2
f [14]

(curve 1), calculation with allowance for the correction εu2
f (curve 2), and calculation by

Eq. (23) (curve 3).

Fig. 3. SW stand-off distance yS(0) versus ε: calculation with no allowance for the correction
εu2

f [14] (curve 1), calculation with allowance for the correction εu2
f (curve 2), and calculation by

Eqs. (21) and (22) (curve 3); the points are the results of the numerical calculation [2].

Fig. 4 Fig. 5

Fig. 4. Calculated SW shape (γ = 1.67): results of the numerical calculation [2] (points 1), calcula-
tion by Eq. (24) (curve 2), and calculation with no allowance for the correction εu2

f [14] (curve 3).

Fig. 5. Pressure distribution on the contact plane at γ = 1.4: calculation by Eq. (25) (curve 1),
calculation by the Newton formula (curve 2), and results of the numerical calculation [2] (points 3).

Equations (22) was solved numerically, but it can also be solved approximately in an explicit form by
presenting the right side in a linear form with respect to K0. Then, in the linear approximation, we obtain
the solution

K0 =
b(2 +

√
b )(1 +

√
b )/3

(1 +
√
b )3 + b(1 + 3b/4 + 9

√
b/4)/3

. (23)

Calculations by Eq. (23) yield the values of K0 that differ only in the third digit from the exact solutions obtained
by the numerical solution of Eq. (22).
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6. Calculation Results. Figures 2 and 3 show the SW curvature K0 and SW stand-off distance yS(0) as
functions of ε. It is seen that the use of the correction εu2

f to the tangential velocity exerts a considerable effect on
the values of K0 and yS(0). The results calculated by Eqs. (21), (22) (curve 3 in Fig. 3) are in better agreement
[as compared with the results calculated with allowance for the correction (curve 2)] with the numerical solution [2]
(points); the difference is smaller than 10%.

With allowance for the found values of yS(0) and K0, the equation determining the SW shape near the axis
of symmetry acquires the form similar to Eq. (18):

yS(x) = yS(0) +K0x
2/2. (24)

Figure 4 shows the SW shape calculated at γ = 1.67. It is seen that curves 1 and 2 are in good agreement in
the entire interval 0 < x < 1. At the same time, curve 3 differ substantially from curves 1 and 2. With allowance
for the expansions obtained above and the found values of yS(0) and K0, the expression for the pressure in the
shock layer takes the form

p0(x) =
[1 +K0x

2/2 − y0(x)]2

[1 + x2(1 −K0) − 2y0(0)]2
. (25)

Figure 5 shows the pressure distributions p̄(x) = p0(x)/p0(0) on the contact plane at γ = 1.4. It is
seen that curves 1 and 3 almost coincide. The calculations show that the parameter γ exerts a minor effect
on the pressure distribution.

Conclusions. Thus, it is demonstrated that the solution obtained [SW stand-off distance yS(0), SW
shape, and pressure distribution p̄(x)] with allowance for the correction for the SW curvature agrees well with the
numerical solution [2]. It is found that the allowance for the correction to the tangential component of velocity
exerts a significant effect on the SW stand-off distance and shape.

The author is grateful to V. V. Usov for discussions of results and to G. A. Tirskii for valuable comments.
This work was supported by the Council on the Grants of the President of the Russian Federation for

Supporting the Leading Scientific Schools (Grant No. NSh-397.2008.1) and by the Russian Foundation for Basic
Research (Grant No. 07-01-00033).

REFERENCES

1. M. G. Lebedev and K. G. Savinov, “Impact of a nonuniform supersonic gas flow on a plane target,” Izv. Akad.
Nauk SSSR, Mekh. Zhidk. Gaza, No. 3, 164–171 (1969).

2. K. G. Savinov, “Investigation of a spatial supersonic flow around blunted bodies by a time-dependent method,”
Candidate’s Dissertation in Phys. and Math. Sci., Moscow (1975).

3. O. F. Prilutskii and V. V. Usov, “X-ray radiation of double systems containing the Wolf–Rayet stars,” Astron.
Zh., 53, No. 1, 6–9 (1976).

4. Z. G. Bairamov, N. N. Pilyugin, and V. V. Usov, “Collision of star winds in double systems containing the
Wolf–Rayet stars,” Astron. Zh., 67, No. 5, 998–1009 (1990).

5. A. M. T. Pollock, “The EINSTEIN view of the Wolf–Rayet stars,” Astrophys. J., 320, 283 (1987).
6. W. D. Hayes and R. F. Probstein, Hypersonic Flow Theory, Academic Press, New York (1959).
7. V. L. Kovalev, A. A. Krupnov, and G. A. Tirskii, “Method of global iterations for solving problems of a

supersonic ideal gas flow around blunted bodies,” Dokl. Ross. Akad. Nauk, 339, No. 3, 342–345 (1994).
8. B. V. Rogov and N. A. Sokolova, “Marching calculation of the shock wave in an inviscid supersonic flow around

blunted bodies,” Mat. Model., 13, No. 5, 110–118 (2001).
9. V. M. Kovenya and N. N. Yanenko, Splitting Method in Gas-Dynamic Problems [in Russian], Nauka, Moscow

(1981).
10. Yu. P. Golovachev, Numerical Simulation of Viscous Gas Flows in the Shock Layer [in Russian], Nauka, Moscow

(1996).
11. G. G. Chernyi, Gas Flow with a High Supersonic Velocity [in Russian], Fizmatgiz, Moscow (1959).
12. N. N. Pilyugin and R. F. Talipov, “Asymptotic solution of the Euler equations in the shock layer in a nonuniform

flow around a blunted body with gas injection from the body surface,” Izv. Akad. Nauk SSSR, Mekh. Zhidk.
Gaza, No. 6, 126–134 (1989).

200



13. N. N. Pilyugin and G. A. Tirskii, Dynamics of an Ionized Radiating Gas [in Russian], Izd. Mosk. Univ., Moscow
(1989).

14. N. N. Pilyugin and V. V. Usov, “interaction of two hypersonic flows from symmetric sources,” in: Intrachamber
Processes, Combustion, and Gas Dynamics of Disperse Systems, Vol. 1, Proc. 5th Int. Workshop, Baltic State
Tech. Univ., St. Petersburg (2006), pp. 150–152.

15. N. C. Freeman, “On the theory of hypersonic flow past plane and axially symmetric bluff bodies,” J. Fluid
Mech., 1, No. 4, 366 (1956).

201



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


