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Compressibility Correction Effects of Two-equation
Turbulence Models for a Supersonic Through-type
Pintle Nozzle with Large Scale Separation Flow

FEE

Junyoung Heo* - Junyoung Jung* - Hong-Gye Sung**T + June-Seo Yang** - Ji-Hyung Lee

ABSTRACT

Numerical simulations have been performed for assessment of compressibility correction of
two-equation turbulent models suitable for large scale separation flows perturbed by a pintle strokes.
Two-equation turbulence models, the low Reynolds k-¢ and the k-o SST models with or without
compressibility correction proposed by Wilcox and Sarkar are evaluated. The detail flow structures are
observed and static pressures along nozzle wall are compared with experimental results. Mach disk
location and pressure recovery profiles in flow separation region are noticeably distinct between
turbulent models of k-¢ and k-0 SST. The compressible effect corrections to those models improve
resolving of separation flow behaviors. The compressibility corrections to k-e model have provided

very comparable results with test data.
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A, : Nozzle Throat Area

c : Characteristic Velocity

g : Gravity

P . Static Pressure

D, : Chamber Pressure

p”d’ : Pressure Dilatation

P, : Production of Kinetic Energy

T : Static Temperature

C, : Turbulent Time Scale Parameter

C.,C,, : Turbulent Energy Dissipation
Parameter

C, : Turbulent Viscosity Parameter

H : Blending Function

h : Specific Enthalpy

H : Heaviside Step Function

k : Turbulent Kinetic Energy

M : Mach Number

M, : Turbulent Mach Number

R : Specific Gas Constant

t : Time

Tt : Turbulent Time Scale

U : Velocity

|4 : Volume

x : Spatial Coordinate

y" : Dimensionless Wall Distance

oy, 0, a3 @ Model Constants for Compressible
Correction of k-¢ Model

5

8,0 : Model Constants for Compressible
Correction of k-0 Model

: Specific Heat Ratio

d;; : Kronecker Delta

g, : Compressible Dissipation
&, : Dissipation Rate

Iz : Molecular Viscosity

I : Turbulent Viscosity

p : Density

0}5 0, : Model Constants

: Viscous Stress Tensor

w : Dissipation Rate

Superscripts

: Time Average

: Favre Average
: Fluctuation Associated with

Mass-weighted Mean

Subscripts

chamber : Value in a Chamber
nozzle : Value in a Nozzle
orifice : Value in an Orifice
0 : Reference Value
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Table 1. Boundary condition and turbulent models used for this study

Case AEHA dHREd GEAT BAgRd
1 No model
2 0 mm k-0 Sarlkar
Wi
Z Chamber Pressure No Inc;c(j:lel
5 : 1,690,000 Pa kg Sarkar
6 Wilcox
7 No model
8 20 mm k-0 Salikar
9 Wilcox
h P
10 Chamber Pressure No model
11 1 1,960,557 Pa k-g Sarkar
12 Wilcox
13 No model
14 40 mm k- ‘i;;u;kar
15 '
16 Chamber Pressure No lrr(i(o):lel
17 1 6,540,000 Pa k-g Sarkar
18 Wilcox
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Fig. 3 Flow structures using numerical schlieren at
pintle stroke 0 mMm
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Fig. 7 Flow structures using numerical schlieren at
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