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Abstract

The drag of the subsonic aircraft is largely formed by the skin friction drag and lift-induced
drag [2]. At transonic flight occurs shock wave. Determination of shock wave angle is important part
of design of every aircraft, which working in supersonic airflow regimes. Formation of shock waves
cause formation the wave drag. The wave drag could account about 35 % from total drag of aircraft.
Shock wave angle is directly linked with the intensity of itself.

This work compares shock wave angle calculations using analytical and numerical solving
methods.

1. Introduction

For analytical solve of shock wave angle are used conservation equations of
mass, momentum, and energy [1].

Consider that flow is steady, inviscid and adiabatic flow with no body forces,
continuity equation is:

@Y # pV.dS = 0.

N

The continuity equation for an oblique shock wave is:
(2) P1 Vin = p2 Von.

Momentum equation

The integral form of the momentum equation can be resolved into two
components — tangential and normal to the shock wave.
Tangential component:
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(3) #(pV. as)v = — # pdS

S

(4) Vie = Var, (51 = $2).

The normal component:
(5) Pt piVin= P2t Vi

Energy equation

If consider, that flow is steady, inviscid, adiabatic and without body forces,
then energy equation reduce to:

(6) #p<e+v72>V.dS=—#pV.dS.

For ideal gas:
V2 vz
(7) h1+%:h2+%.

Deduce: changes across an oblique shock wave are governed only by the
component of velocity normal to the wave.

2. Analytical solving method

Since equation (4), tangential components of the velocity, remain the same,
while normal component decreases across the shock, the flow is deflected by angle
0 toward the shock front after passing it [1].

Considering that: M;,, = M;sinf and M,,, = M, sin(8 — 8),

tanf (v + DMfsin’a
tan(f —0) (y — D)M?sin?a + 2’

(8)

One of possible solution of this equation is:

M2?sin?p — 1
M2(y + cos2B) +2)

9 tanf = ZCot,8<

Equation (8) determines angle 8, when set M; and .
The other solution determines S, when set M, and 6 [3].
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(10) pg= arctan[

b + 9a.tanu
2(1 — 3ab)

c(27a? tanu + 9ab — 2) (n 1 1)]
— an ,

— — t —
6a(1 — 3ab) g™+ garctan

a

-1 -1
(y_ + Y 5 tanzu) tano;

b

2
y+1 y+3
( 2 + 2

B 4(1 - 3ab)3 1
°= [@7a%c+9ab—22

tan? u) tané;

where n = 1 for weak shock solution,
Sfunction p =1 (M, 8, y,n) 2 function p =1 (1.5,12, 1.4, and 1).

3. Numerical solving method

Another form of the solution shock wave angle g is numerical solution,

applying the fundamental laws of mechanics to a fluid gives the governing
equations for a fluid.

A 2D geometry for the model have a deflection angle 8 = 12°. Cell zone

condition for the surface body is defined as ideal gas. Fig. 1 shows boundary zones
in the calculation domain.
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Fig. 1. Calculation domain
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4, Results

The results from analytical and numerical solutions for weak shock wave
angle are presented in Table 1.

Table 1
Method Wave angle Note
Analytical 64.35° Weak solution
Numerical 64.3° Weak solution

The color of Fig. 2 indicates the changing Mach area of the shock wave.

For a set Mach number of each value of the flow deviation angle after the
shock wave 6, correspond two values of angle B. The smaller angle value
corresponds to a weak shock wave (supersonic airflow after the shock wave), while
at the higher angle value of the the shock wave corresponds to a strong shock wave
(subsonic velocity of the airflow after the shock wave). When body is with a wedge
shape, always realizes a weak shock wave (Fig. 3).

Fig. 2. Mach area of the shock wave
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Fig. 3. 8 = £(6)

5. Conclusions
The simulation of shock wave angle has been carried out using analytical
and numerical methods and carried out and the following conclusions can be drawn:
e The CFD simulation is able to predict precisely shock wave angle;
e A reasonably good agreement was obtained between analytical and
numerical methods, when determining shock wave angle.
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CPABHSIBAHE HA HAKJIOHA HA YJIAPHA BbJIHA
IPU AHAJIMTUYHO U YUCJIEHO NIPECMATAHE

A. Mapunoeg

Pe3rome

B ITIOJIET CaMOJICTUTC Hpe)Z[I/ISBI/IKBaT BBHB BL3ILYHIHI/ISI IIOTOK CHUJIHHU CMy-
ICHUA. THaCKaﬁKH HaMI/IpaHII/ISI Cce Hpea TAX 131,3;[yx, TC MOBUIIABAT HAJIATAHECTO HA
BB3IIYITHUS TTOTOK TOJIKOBA IMOBEYE, KOJKOTO MO-TOJISIMAa € CKOPOCTTa Ha TOJeTa.
breapT Mexay monmpartenHaTa KbM (pOHTA HA yAapHATa BBIHA M BEKTOpa Ha
CKOpoOCTTa ce m3MeHs 1o gpoHta. Karo ¢ oTmaneuaBaHe OoT OOTHYAHOTO TSUIO CE
HaMaJIsIBa TO3H BI'bJ, KOETO BOJIM M JI0 HaMa/IsiBaHE HAa HHTEH3MBHOCTTA HA CKOKAa Ha
YILThTHEHHE.

CDpOHT’bT Ha CKOKa Ha YHJIBTHCHI/IC pa3,uen;1 B’I:.3ILYHIHI/I$[ IIOTOK Ha CMYTeHa
n HeCMYTeHa qacT, KaTo B CMYTeHaTa HacCT HACThIIBA CHIIECCTBCHO M3MCHCHUEC HaA
MapaMeTpuTe Ha BB3AYIIHUS TTOTOK.

KonkoTo e mo-ronsM bI'eIbT Ha HAKIIOH Ha CKOKA Ha YILTbTHEHHE, TOJIKOBA
MO-CHIECTBEHO HApacTBaT IUIBTHOCTTA M HAJSATAHETO 3aa Hero. ToBa Boau 110
CBILIECTBEHO U3MEHEHHE HA CHIINTE, KOUTO AEMCTBAT HA OOTHYAHOTO TAJIO, KOETO OT
CBOsI CTpaHa Hajara Jia cé ThPCAT CIOCOOM 32 TOYHO OIpEJeNsiHe Ha ChOTBETHUS
'BI'bJI HAa HAKJIOH.
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