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Abstract: The present paper studies the influence of a secondary intake and its effect on the jet 

stability. Three configurations have been analyzed: one with the secondary intake closed, the second 

having a convergent nozzle after the augmentor tube and the third case using a perforated augmentor 

tube. The secondary intake is used to supply air for cooling the exhaust system. Numerical simulation 

was realized using the k-є model, which is the most used CFD turbulence model, especially for 

turbulent flow conditions. The results obtained showed that secondary intake influences the jet 

stability, because of the pressure differences from the two zones. To resolve this closing the secondary 

intake is the best option available. 
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1. INTRODUCTION 

The main purpose of an experiment test cell is to provide a controlled environment for 

engine testing; characteristics of the environment are very important for the aerodynamic 

performances, operation stability of the engine and acoustic control [1]. 

The problems that can influence the operation stability of an engine are given by the design 

of the test cell inlet, exhaust systems and to the cell bypass ratio [1]. Cell bypass ratio is the 

ratio of the airflow bypassing between the engine and the internal walls of the cell, and cools 

the engine [9]. 

Test cell systems must follow some criteria: must reduce engine noise to a reasonable level, 

must ensure an internal environment that provides a clean air flowing to the engine, also a 

minimum pressure loss. Under most environmental conditions, a test cell configuration 

should not allow recirculation of engine exhaust gases from the cell exhaust stack into the 

cell inlet. It should also prevent reinjection of engine exhaust gases at the rear of the engine 

back into the engine inlet [3]. 

Air intake, that is one of the most important parts of the test cell, is either vertical or 

horizontal. With a horizontal intake the flow is directed to the engine without having to turn 

through 90°. Side walls are build in front test chamber so that the air will not be influenced 

by the cross winds. It’s important to have good quality airflow, this is crucial for the 
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measurements of the engine performances. Vertical intakes because of using flow splitters 

and straightness reduce substantially the adverse effects [8]. On the secondary intake is not 

necessary that the aerodynamically clean, noise attenuation is just as important as in the case 

of primary intake. An important aim of the augmentor is to take the hot gases and direct 

them uniformly towards the exhaust stake [2]. At the secondary intake, the air is mixed with 

the exhaust gases leading to a decrease of the hot gases temperature. The most important 

condition of the test cell configuration is to not allow the recirculation of the exhaust gases 

from the exhaust stack into the inlet cell [3]. 

In 1989, E. E. Cooper and C. A. Kodres were testing a U.S. Navy standard test cell 

experimentally to determine the aerodynamic and experimentally characteristics. They have 

measured the pressure and temperature in the cell while testing different engines at different 

power settings. Setting the engine power from idle to military increases total test cell airflow, 

but when afterburner is initiated remains constant. 

Another important aspect observed was the slight upward and sideways skewing of the 

velocity and temperature profiles in the augmenter tube [7]. 

Air flow stability and engine measurements are compromised if the depression in the test cell 

is not limited. Jacques [4] states that a difference between the ambient and the chamber static 

pressure up to 150 mmH2O (1470 Pa) is unlikely to be a problem for the engine work 

conditions. 

In this paper three different situations where analyzed: one with the secondary intake closed, 

the second having a convergent augmentor and the third case using a perforated augmentor. 

The objectives of this study are to obtain a uniform secondary inlet flow along with the 

velocity reduction at the primary inlet, because a non-uniformity of the secondary inlet flow 

would affect the shape of the jet leaving the engine. 

2. PROBLEM SETUP 

Geometry definition 

The study performed in this paper is made using the commercial software ANSYS CFX. The 

test cell consists of a primary intake, the main test chamber, a secondary intake, an 

augmentor tube and the exhaust stack, presented in Fig. 1. For both the primary intake and 

the secondary intake acoustic baffles for noise reduction, are used. For the primary intake 

turning vanes are used to provide a uniform air flow for the main chamber. 
 

 

Fig. 1 – Geometry of the test cell 
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The principal features of the test cell are presented in Table 1. 

Table 1 – Geometrical parameters of the test cell 

Domain Parameter – System of units Dimensions 

Test cell length  [mm] 27315  

Test cell width  [mm] 5800  

Primary intake  Length [mm]  2615  

Width [mm] 4780 

Secondary intake  

 

Length [mm] 3500 

Width [mm] 4000 

Outlet  

 

Length [mm] 14000 

Width [mm] 14020 

Engine length  [mm] 5000 

Distance between engine 

and augmentor tube  

[mm] 500 

Mesh 

The grid used in this study is made with ANSYS ICEM CFD, and the grid generated for this 

test cell is unstructured, due to the complex geometry. For all the cases the discretization is 

made using tetrahedral elements, Fig. 2. Mesh details are given in Table 2. 

               

a)                                                                                                        b) 

 

c)                                                           d) 

Fig. 2 – a) Grid generated for all the three cases; b) perforated augmentor tube; c) secondary intake closed, 

d) convergent nozzle 
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Table 2 – Mesh details 

Case Number of nodes Number of elements 

secondary intake closed  1.74 million  10.37 million  

perforated augmentor tube  4.12 million  24.5 million  

convergent nozzle  3.66 million  21.66 million  

The fluid used for this case is ideal air. Reference pressure is 1 bar, and the temperature is 

288.15 K (15°C). Boundary conditions used for this numerical simulation are presented in 

Table 2. 

Table 3 – Boundary conditions 

Domain System of units Value 

Mass flow at engine inlet  [kg/s] 64  

Mass flow at engine exhaust  [kg/s] 68  

Total temperature at engine exhaust  [K] 983  

Outlet Opening pressure and 

direction  

[bar] 0 

Opening temperature  [K] 300.15 

The engine used in this case is Tumansky R11 – F300, also the calculations are done for the 

case with afterburner. 

Turbulence model 

For these simulations a k- ε turbulence model has been used. This turbulence model is one of 

the most used CFD turbulence model, especially for turbulent flow conditions. It’s very 

popular in industrial applications, due to the good convergence rate and because it does not 

require very large computing resources [6]. 

The model is based on two equations describing the turbulence. The first one allows the 

determination of turbulent kinetic energy and the second the dissipation rate of turbulent 

kinetic energy. For the turbulent kinetic energy – k [5]: 
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For dissipation –   [5]: 
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Where the eddy viscosity is defined as follow: 


 

2k
Ct  

3. RESULTS 

Due to the steady RANS calculation, accuracy of the calculation is limited by the method 

used, but considering the resources available accuracy is sufficient to attain the study. The 

quantity of mass flow rate that enters on the two inlets is different. Using Ansys CFX a value 

of 102.8 kg/s for the primary intake and 19.7 kg/s for secondary intake, have been obtained. 

Fig. 3 shows velocity variation in the X direction. As can be seen in the first case Fig. 3.a), 

the secondary intake influences the shape of the jet, which becomes instable. Secondary 
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intake provides an increase in velocity, as well as shortening the length of the jet. Also in the 

case of Fig. 4.a) it can be noticed how the fluid spreads to the inlet area, as well as the 

occurrence of shock waves upon contact with the tube interface. In case Fig. 3.c) an 

improvement of the flow field, caused by a decrease in pressure difference, given by the 

convergent augmentor, is observed. 

 

a)                                                                 b) 

 

c) 

Fig. 3 – Velocity variation in the X direction, XZ plan 

 
a)                                                         b) 

 
c) 

Fig. 4 – Velocity variation in the X direction, XY plan 
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The secondary fluid inlet does not only influence the velocity, but also the temperature 

(Fig. 5). 

The output temperature is much higher when the second input is open. This also 

influences the length and shape of the jet. 
 

 

a)                                                         b) 

 

c) 

Fig. 5 – Total temperature variation, XZ plan 

Also, Fig. 6 shows the vector field at the engine exhaust area. These show how the fluid 

enters the augmentor tube. 

As can be seen in Fig. 6.a) and Fig. 6.c), there are recirculation areas in the proximity of the 

engine exit. 

With the help of an isosurface, the shape of the jet is ilustrated in Fig. 7. It can be seen that in 

the case of first geometry the length of the jet is shorter, compared to the other two cases, 

also it’s stability. 

For the other two cases, near the exit from the augmentor tube, appears a variation of its 

shape produced by the differences in pressure on the upper and lower zone of the tube. In the 

case of the perforated augmentor tube, instability is more pronounced. 
 

 
 

a)                                                                             b) 
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c) 

Fig. 6 – Vector field after engine exit 

 
a)                                                        b) 

 
c) 

Fig. 7 – Isosurface corresponding to engine jet 

For a better understanding of the jet instability, where considered three lines of measurament 

at engine exhaust: top, center and bottom. How they were positioned is illustrated in Fig. 8. 

Fig. 9 shows a comparison of how the velocity varies in those three critical areas. The 

highest value is the area in the centre of the nozzle, this applies in all cases. The velocity 

exceeds 800 m/s, if the secondary intake Fig. 11.a) - is open and over 700 m/s in Fig. 11.b). 

 

Fig. 8 – Measurament lines used to determine velocity 

Engine outlet 
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a)                                                         b) 

 

c) 

Fig. 9 – Velocity distribution after engine exit: case a), case b), case c) 

In Fig. 10 are presented three charts coresponding to the three types of cases studied. In all 

situations it’s a big difference between the values obtained in the case in which the 

secondary intake is closed, comparative with the other two. Also on the top and bottom the 

values are different, this is due the pressure difference caused by the different volume on the 

upper and lower zone of augmentor tube. A major dissimilarity compared with the case a) 

appears near the exit from the tube, there is a difference about 150K. In Fig. 10.c) can be 

seen that a difference about 250K. 

 
a)                                                         b) 
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c) 

Fig. 10 – Velocity distribution after engine exit: a) top, b) center, c) bottom 

Also in the case of total temperature, the differences are still applying, Fig. 11. 
 

 

a)                                                         b) 

 

c) 

Fig. 11 – Total temperature distribution: a) top, b) center, c) bottom 

4. CONCLUSIONS 

This paper presents a study regarding the influence of a secondary intake on the jet stability. 

Three configurations have been studied: one with the secondary intake closed, the second 

having a convergent nozzle after the augmentor tube and the third case using a perforated 

augmentor tube. Where analyzed the total temperature and velocity fields in X direction, this 

captures have allowed us to better understand how the jet behaves in the cases studied. The 

results obtained showed that secondary intake influences the jet stability, and to resolve this 

closing the secondary intake is the best option available. 
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