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To enhance engine efficiency, extend the lifespan of components, 

and achieve more complete combustion, controlling the exhaust 

gases from the combustion chamber plays a crucial role in gas 

turbine design. This control can also be applied to cooling 

systems, which optimize the utilization of cooling air and improve 

the flow pattern within the combustion chamber. Notable progress 

has been made in the utilization of these systems. One of the latest 

models of combustion chambers is the T56 Series 3.5. While the 

general features of this chamber are identical to those of Series 3 

and Series 2, the difference lies in the number and location of wall 

holes. Unfortunately, none of the manufacturer’s technical 

specifications have been published. This paper aims to compare 

and assess the geometric and technical specifications of these 

chambers through numerical modeling, using the base model (T56 

Series 3) as a reference. The localization of design knowledge for 

these chambers has been achieved. Simulation results indicate that 

flow rotation is almost eliminated in the secondary and dilution 

regions of the new chamber, and the thickness of the wall cooling 

layer remains nearly constant throughout the combustion 

chamber. 
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1 INTRODUCTION12 

In general, the design and optimization of a 

combustion chamber require many experiments, are 

time-consuming, and are expensive [1-2]. In 

alternative methods, the aim is to predict the overall 

pressure drop and flow distribution along the 

combustor instead of conducting costly tests. In one 
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article [3], to predict the distribution of isothermal flow 

in the combustion chamber of a gas turbine, the 

pressure drop prediction of gas components is used. 

Graves and Grunman [4] presented diagrams to show 

the effect of different inlet parameters on the pressure 

drop and flow distribution in the combustion chamber. 

These diagrams were presented in other terms: 

reference Mach number of the chamber, the ratio of the 
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overall combustion temperature at the outlet to the inlet 

of the chamber, the percentage of air passing through 

the chamber, the ratio of the total area of the wall holes 

to the overall cross-sectional area of the chamber, and 

the ratio of the cross-sectional area of the chamber to 

the cross-sectional area of the outer shell. With the help 

of these diagrams, the effect of many geometries and 

performance conditions was mathematically 

investigated for compressible and incompressible 

flows. These diagrams are prepared for tubular 

combustion chambers with a constant cross-sectional 

area of the chamber and outer shell along the axis of 

the chamber. One of the most difficult issues in the 

design of a gas turbine is to obtain a suitable 

distribution of the exit temperature from the 

combustion chamber in a way that is acceptable for the 

turbine blades. The outlet temperature distribution is 

affected by various factors such as fuel nozzle 

characteristics, jet penetration, mixing, overall 

pressure drop along the chamber, dimensions, and 

shape. When the outlet temperature distribution is 

experimentally measured, the test should be performed 

at the maximum pressure that causes the maximum 

outlet temperature. The most important temperature 

for blades is the radial mean temperature distribution. 

This distribution is obtained by summing the 

temperature measured around each radius and then 

dividing it by the number of radii [5]. Another 

important parameter is the maximum space 

temperature, which controls the tension and corrosion 

of the guide vanes. The maximum of this temperature 

occurs between 50 and 70% of the radius [6]. A gas 

turbine combustor is a very complex combustion 

device. The challenge of designing these chambers is 

divided into two parts [7]: a) the development of 

models to describe the real geometric model, and b) an 

accurate description of the interaction between 

physical and chemical phenomena. Usually, to analyze 

a combustion chamber, first the boundary conditions 

are extracted from the empirical relationships of the 

flow in the holes, and then, with their help, the flow in 

the combustion chamber is modeled [1]. In addition, 

for the flow distribution inside the combustion 

chamber, the inlet flow angle in the cavities is 

predicted using the empirical relations shown by 

Lawson [1]. This method has weaknesses in at least 

two cases: it does not provide any information about 

the shape of the velocity distribution or the flow 

turbulence conditions, and the response obtained with 

this method is highly dependent on the accuracy of the 

boundary conditions [8]. When a computational fluid 

dynamics model and a one-dimensional model are 

combined, certain assumptions are made regarding the 

boundary conditions. An alternative method is the 

overall modeling of the combustion chamber. This 

perspective includes the modeling of the entire 

combustion chamber from the compressor outlet to the 

turbine inlet [9-12]. In this method, the flow through 

the holes and their boundary conditions are explicitly 

modeled, and there is no need for other assumptions. 

Also, when the flow on both sides of the chamber wall 

is modeled, the temperature of the chamber wall can 

be calculated [12]. In another study [13], a 

combination of the mentioned methods was used. 

Thus, by developing a one-dimensional code, the 

boundary conditions in the chamber cavities were first 

extracted and, after comparison with experimental 

data, were used as boundary conditions for modeling 

the internal flow. The pressure drop and temperature 

distribution at the exit from the combustion chamber 

were then extracted for different geometries of the 

combustion chamber. The new combustion chamber 

design, with new wall holes in terms of number, 

position, and size, is the main objective of this paper. 

For this purpose, the flow between the engine shell and 

the combustion chamber is numerically modeled, and 

the airflow rate from the holes and the flow distribution 

inside the combustion chamber will be calculated. To 

investigate the effect of changing the coordinates of the 

holes on the performance of the combustion chamber, 

numerical modeling has been done for both Series 3 

and Series 3.5 combustion chambers, and their results 

have been obtained. All the studies conducted so far 

have been for the combustion chambers of Series 3 and 

earlier, and no information or research has been 

published yet for the combustion chamber of Series 

3.5. 

Recent advances in computational fluid 

dynamics (CFD) have significantly improved the 

design of gas turbine combustors. Zhang et al. 

(2020) employed large-eddy simulation to optimize 

hole distribution in annular combustors, 

demonstrating a 12% reduction in temperature non-

uniformity [14]. Kumar and Lee (2021) applied 

adjoint-based optimization to a reverse-flow 

combustor, achieving improved dilution mixing 

[15]. More recently, Zhao et al. (2022) investigated 

variable hole geometry under operating transients, 

highlighting the benefits of adaptive cooling holes 

for thermal management [16]. Ahmed et al. (2023) 

used machine-learning-assisted surrogates to 

expedite design space exploration for hole patterns, 

reducing computational cost by 30% [17]. These 

studies underscore the importance of detailed hole 
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geometry and cooling strategies in modern combustor 

design. Despite these advances, limited research exists 

on ground-up redesigns for legacy engines like the 

T56. This work fills that gap by comparing the 

established Series 3 chamber with a novel Series 3.5 

design. 

2 RESEARCH METHOD 

In this study, a new cooling system for the chamber 

wall is proposed to improve the distribution of the 

cooling flow and dilution in the combustion chamber. 

This system, known as the Series 3.5, has been 

implemented by the manufacturer on the combustion 

chamber of the T56 engine. To evaluate the 

performance of the new model, the space between the 

external wall of the combustion chamber and the 

engine shell is numerically modeled, and the flow is 

compared with that of the base model. 

3 MODELING ASSUMPTIONS 

Steady-State and Compressible Flow 

The simulation is performed under steady-state 

conditions, assuming compressible flow governed 

by the Navier-Stokes equations. 

Turbulence Modeling 

The Reynolds-Averaged Navier-Stokes (RANS) 

equations are used with the standard k−εk-

\varepsilon k−ε and Realizable turbulence models to 

capture the turbulent characteristics of the flow. 

Cold Flow Simulation 

The study focuses on cold flow (non-reactive) 

conditions, analyzing cooling air distribution and 

velocity fields without combustion chemistry. 

Flow Through Cooling Holes 

Mass flow through each cooling hole is calculated 

using Bernoulli’s principle and empirical 

discharge coefficients, considering pressure drop 

and hole geometry. 

4 SERIES 3 COMBUSTION 

CHAMBER 

For this purpose, the basic combustion chamber of 

Series 3 was first drawn based on the manufacturer’s 

original drawings using SolidWorks software. The 

sketched model is shown in Figure 1. 

 

 

Figure1. The actual model of the basic combustion chamber of 

Series 3 

A total of 12,000 different planes have been 

used to create the model with real geometry, as 

shown in Figure 1. During the grinding stage of the 

solution field, due to the small dimensions of these 

planes, the volume of the solution grid is greatly 

increased, which reduces the stability of the grid. As 

a result, the numerical solution becomes very 

complicated and time-consuming. The names of the 

holes in this chamber are given in Figure 2. The next 

step in preparing the 3D model of the problem is to 

draw the engine shell. Since the engine assembly 

consists of six combustion chambers arranged 

symmetrically around the engine axis, for the 

numerical analysis of the flow, it is sufficient to 

model one-sixth of the engine shell along with a 

combustion chamber. For this purpose, the engine 

shell is drawn based on the construction drawings 

and is shown in Figure 3. 

 
Figure 2. Schematic of the combustion chamber of Series 3 
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Figure 3. Isometric view of one-sixth cut of the engine cover 

5   3.5 SERIES COMBUSTION 

CHAMBER 

Today, a new design of the T56 engine’s 

combustion chamber, known as the Series 3.5, 

is presented. Upon examining the combustion 

chamber of the Series 3.5, it becomes evident 

that the changes compared to the Series 3 are so 

extensive that it can be said that the foundation 

of the second design is completely different. 

These changes include the removal of the 

layered cooling devices, such as spraying and 

wavy strips, the uniformity of the external 

diameter of the combustion chamber, the 

reduction in the number of main holes, and the 

introduction of a large number of small holes 

with dual applications. In addition to providing 

the air required for combustion, flame stability, 

and controlling the output temperature of hot 

gases resulting from combustion, these holes are 

also used for cooling the combustion chamber 

wall. Despite these fundamental differences, 

there are important and practical similarities 

between both combustion chambers, such as the 

same external diameter, the same length, the 

same number of holes, the dimensions and shape 

of the exhaust submission chamber, and the 

rotors with equal entrance cross-sections. No 

information is available regarding the design 

and extraction of the geometrical parameters of 

the Series 3.5 combustion chamber. The only 

available image of this combustion chamber is 

shown in Figure 4. 

 

Figure 4. A picture of the 3.5 series combustion chamber 

According to Figure 5, the Series 3.5 combustion 

chamber can be divided into four different sections 

based on the longitudinal and circumferential pitch 

of the chamber holes. In the first section, named A, 

there are 5 rows of holes with a longitudinal pitch of 

5 mm and a circumferential pitch of 3.75 degrees. In 

this area, the circumferential pitch around the 

chamber is constant. In section B, there are 24 rows 

of holes with a longitudinal pitch of 5 mm and a 

circumferential pitch of 2.72 degrees. The density of 

holes is higher in this area. Section C differs from 

sections A and B. The longitudinal pitch remains 5 

mm, and the circumferential pitch is again the same 

as in the first section, 3.75 degrees. However, the 

circumferential pitch is not constant around the 

combustion chamber in section C. The hole density 

increases in two parts of this section, and the 

circumferential pitch reaches 2.72 degrees. These 

two regions are completely symmetrical. In the final 

section, the longitudinal pitch increases to 7 mm and 

the circumferential pitch to 7.5 degrees. In the 

peripheral regions, similar to section C, the 

circumferential pitch is also variable in this area. A 

general comparison between the two enclosures is 

provided in Table 1. 

Table 1. General comparison between the combustion 

chamber series 3 and 3.5 

District Primary 
Number of holes Area of holes (mm2) 
3 3.5 3 3.5 

Secondary 95 659 1853 2638 

Dilution 107 2601 2227 5085 

The entire chamber 62 3032 2155 5412 

District 264 6292 6235 13135 

 

 

Figure 5. Schematic of the combustion chamber of the 3.5 

series 
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6 MESHING  

6.1 System specifications 

 Intel Core i7-5600 CPU, 8 cores, 24 GB RAM (as 

detailed in system configuration). 

6.2 Simulation time for convergence 

• Series 3 model: ~6–7 hours (steady-state) 

• Series 3.5 model: ~7–9 hours 

• Geometry Modeling: SolidWorks  

• Meshing: ICEM 

• CFD Solver: ANSYS Fluent 2015 

• Cell, T56 Series 3 model:~1.2 to 1.5 million cells 

• Cell, T56 Series 3.5 model:~2.0 to 2.5 million 

cells  

 7 SOLVING FIELD IN SERIES 3 

Gambit software is used for meshing the 

solution field. The most critical part of any 

numerical modeling is the creation of a high-

quality mesh. With meshing, the solution field 

is essentially divided into a volume of very 

small control volumes, consisting of cells and 

nodes. The quality of the mesh determines 

both the accuracy and the time required for the 

convergence of the solution. If the mesh is 

poorly constructed, the obtained results will 

either have low accuracy or will not converge 

at all. Generally, there are two types of 

meshing: structured and unstructured. The 

choice of each type depends on the geometric  

complexity of the model. The complex 

geometry of the solution field makes it 

impossible to use a structured mesh. In this 

study, the surface of the chamber is first 

meshed with unstructured three-dimensional 

cells of fixed size, and then a distribution 

function with an appropriate growth rate is 

used to reduce the size of the grid and shorten 

the solution time while maintaining accuracy. 

As a result, the mesh volume increases near 

the chamber, where high precision is required, 

and decreases with distance from it. Figure 6 

shows the mesh of the solution field.  

 
Figure 6. Liner surface meshing 

8 SOLVING FIELD IN SERIES 3.5 

On the surface of the combustion chamber, there 

are 6,292 holes, each with an area of only 1.55 

mm². Therefore, to analyze the flow inside each 

hole, it is necessary to place at least two nodes 

inside each hole. According to the surface area 

ratio of each cavity to the surface of the 

combustion chamber, the maximum mesh size 

required on the surface, based on an appropriate 

growth rate of 1.2, will be equal to 0.15 square 

mm. On the other hand, since there is no 

symmetry in the model, the size of the mesh can 

be reduced. Consequently, with the same mesh 

dimensions, the minimum number of cells in the 

solution grid will be 18 million, which, in 

addition to making it impossible to reduce the 

number, also exceeds the computing memory 

limits of meshing software like GAMBIT and 

ICEM, making meshing unfeasible without 

sufficient computer memory. Furthermore, if the 

size of the cells increases outside the surface of 

the holes, the uniformity of the mesh will be lost. 

To address this issue, equivalent levels have been 

used, so that the input flow rate in each row is 

equal. In other words, the input flow rate from 

each considered equivalent level is equal to the 

total flow rate passing through all the holes in 

that row. 

9 GOVERNING EQUATIONS 

In the combustion chamber of a gas turbine, the 

mass and momentum transfer equations govern the 

flow. The most important aspect of the prevailing 

flow is the flow disturbances. Generally, turbulent 

flow is unsteady, with variable speed and properties .  
The mass and momentum transfer equation for 

unsteady flow is [18]: 
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(1) 
𝜕𝜌̅𝑢𝑗̅

𝜕𝑥𝑗
= 0 

(2) 

𝜕(𝜌𝑢𝑗)

𝜕𝑡
+

𝜕

𝜕𝑥𝑗
(𝜌𝑢𝑖𝑢𝑗)

= −
𝜕𝑃

𝜕𝑥𝑗

+
𝜕

𝜕𝑥𝑗
[𝜇 (

𝜕𝑢𝑗

𝜕𝑥𝑖
+

𝜕𝑢𝑖

𝜕𝑥𝑗
)]

+ 𝜌𝑔𝑖 + 𝐹𝑖 

  

Equation (2) is also known as the Navier-Stokes 

equation. The term F_i represents the volume forces 

of the flow. By using the time average of the flow 

properties, it is possible to obtain good information 

about the flow disturbances. To extract the flow 

properties, the flow velocity u (t) is divided into two 

components, the average velocity u  ̅ and the 

fluctuating velocity (u (t))  ́[18]: 

(3) 𝑢 = 𝑢̅ + 𝑢(𝑡)́  

If equation (3) is inserted into the Navier-Stokes 

equation, the Reynolds-averaged Navier-Stokes 

equation (RANS) is obtained [14]: 

 

(4) 

𝜕(𝜌𝑢𝑖̅)

𝜕𝑡
+

𝜕

𝜕𝑥𝑗
(𝜌𝑢̅𝑖𝑢̅𝑗 + 𝜌𝑢́𝑖𝑢́𝑗

̅̅ ̅̅ ̅)

= −
𝜕𝑃

𝜕𝑥𝑗

+
𝜕

𝜕𝑥𝑗
[𝜇 (

𝜕𝑢̅𝑗

𝜕𝑥𝑖
+

𝜕𝑢̅𝑖

𝜕𝑥𝑗
)] + 𝜌𝑔𝑖

+ 𝐹̅𝑖 

 

By comparing relation (4) with the Navier-

Stokes relation, a new component is observed, 

which is called Reynolds stress. Assuming that μ_t 

is constant, the new component is expressed as an 

equation (5) [18]: 

 

(5) −(𝜌𝑢́𝑖𝑢́𝑗
̅̅ ̅̅ ̅) = [𝜇𝑡 (

𝜕𝑢̅𝑗

𝜕𝑥𝑖
+

𝜕𝑢̅𝑖

𝜕𝑥𝑗
)] −

2

3
𝜌𝛿𝑖𝑗𝑘 

 

The turbidity viscosity coefficient μ_t is 

expressed by using the turbidity kinetic energy k and 

loss rate ε with equation (6) [18]: 

 

(6) 𝜇𝑡 = 𝐶𝜇𝜌
𝑘2

𝜀
 

The RANS equations represent the 

perturbations for the mean value of the flow at 

each perturbation scale. The disturbance 

equations extracted from RANS equations are 

the standard k-ε model, RNG k-ε model, 

Realizable k-ε model, standard k-ω model, SST 

k-ω shear stress transfer model, and Reynolds 

RSM stress model. One of the basic models is 

the k-ε relation. This model has been used in a 

wide range and shows high matching results in 

different streams. However, it is not very 

accurate in some flows, such as undeveloped 

flows, rotating flows, and eddy flows. Although 

the standard k-ε model has problems in 

predicting vortices in the initial region of the 

jet, it has acceptable answers in other regions of 

the combustion chamber and in predicting the 

characteristics of the main flow of the 

combustion chamber. Due to the poor 

performance of this model in some simulations, 

some modifications have been made to predict 

the eddy currents better. RNG and Realizable 

models are two improved variants of the 

standard k-ε model. In this research, the RNG k-

ε model is used. This model performs better than 

the standard mode in flows with low Reynolds 

and eddy currents. Relations (7) and (8) show 

the transfer equations for k and ε, respectively 

[18]: 
 

(7) 

𝜕(𝜌𝑘)

𝜕𝑡
+

𝜕

𝜕𝑥𝑗
(𝜌𝑢̅𝑗𝑘)

=
𝜕

𝜕𝑥𝑗
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝑘

𝜕𝑥𝑖
] + 𝐺𝑘

− 𝜌𝜀 

(8) 

𝜕(𝜌𝜀)

𝜕𝑡
+

𝜕

𝜕𝑥𝑖

(𝜌𝑢̅𝑖𝜀)

= −
𝜕

𝜕𝑥𝑖
[(𝜇 +

𝜇𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑥𝑖
]

+ 𝐶1𝜀

𝜀

𝑘
𝐺𝑘 − 𝐶2𝜀𝜌

𝜀2

𝑘
 

where G_k is the production rate of k: 

(9) 𝐺𝑘 = −𝜌𝑢́𝑖𝑢́𝑗
̅̅ ̅̅ ̅ 

𝜕𝑢𝑗

𝜕𝑥𝑖
 

 

There are five different constants in relations 

7 to 9. The value of these constants is extracted 

from the information collected from a wide range 

of flows, but the recommended values are [18]: 

𝐶𝜇 = 0.09 𝜎𝑘 = 1  𝜎𝜀 = 1.3  𝐶1𝜀 = 1.44  𝐶2𝜀 = 1.92 
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10 BOUNDARY CONDITIONS 

In this article, according to the first objective, which 

is the cold analysis and calculation of the inlet flow 

rate from each cavity of the chamber wall, unlike 

previous studies, the space between the engine cover 

and the external surface of the combustion chamber 

has been modeled. Based on the flow conditions at 

the outlet of the compressor and the inlet to the 

combustion chamber, as presented in Table 2, the 

outlet pressure condition has been used for the holes 

on the surface of the chamber. This pressure is the 

same pressure that the flow entering the chamber 

will experience if combustion occurs in the 

chamber. For this purpose, considering that the 

pressure drop of the inlet flow in the combustion 

chamber is between 2 and 5%, the relative output 

pressure will be obtained at the surface of the 

chamber cavities. 

Table 2. Flow conditions at the outlet of the compressor and 

inlet to the combustion chamber [19] 

Parameter Amount 

Inlet temperature to the combustion 

chamber (K) 
566.15 

Inlet pressure to the combustion 

chamber (kPa) 
923.897 

Air flow mass flow rate (kg/s) 14.154 

11 RESULTS AND DISCUSSION 

11.1 Independence of results from 

networking the solution field in Series 3 
In gridding the solution field, the smaller the grid 

size, the higher the accuracy of the solution. 

However, on the other hand, the duration of 

solving the problem and the specifications of the 

required hardware increase. Therefore, a balance 

must be established between the grid size, the 

accuracy of the solution, the time, and the required 

computing power. To investigate the effect of 

changing the grid size on the accuracy of the 

solution, three grids with low (705,283), medium 

(1,704,402), and high (2,354,528) densities have 

been created using an appropriate distribution 

function. As shown in Figure 7, the accuracy of 

the results for medium and dense grids is almost 

the same, but the results differ in the low-density 

grid. Since the convergence time in the dense grid 

is almost twice that of the medium grid, the 

medium grid with 3,584,762 cell walls and 

1,704,402 volume cells has been used to analyze 

the results. 

12 SOLVING FIELD IN SERIES 3.5 

Similar to what was done for the Series 3 housing, 

three grids with dense (5,745,129), medium 

(3,371,097), and low-density (1,985,223) have been 

created to investigate the effect of changing the grid 

size on solution accuracy, using a suitable 

distribution function. As shown in Figure 8, the 

accuracy of the results for medium and dense grids 

is almost the same, but the results differ in the low-

density grid. Since the convergence time in the 

dense grid is approximately 2.5 times that of the 

medium grid, the medium grid with 6,968,539 cell 

walls and 3,371,097 volume cells was used to 

analyze the results. 
 

 

Figure 7. Results for the percentage of mass flow passing 

through the chamber holes in different solution networks 

  

Figure 8. The results for the flow rate passing through the 

rows of the primary section of the 3.5 series combustion 

chamber in different solution networks. 
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13 VALIDATION OF NUMERICAL 

RESULTS 

13.1 Solving field in series 3 

Comparing the obtained results with experimental 

data shows the high accuracy of the results. The 

comparison between the numerical results of the 

Series 3 chamber and those of the developed one-

dimensional code [13] is shown in Figure 9. 

Additionally, the comparison between the results 

obtained for the Series 3 chamber and the 

experimental results [20] is shown in Figure 10. 
 

  

Figure 9. Comparison between the numerical results of the 

mass flow rate of series 3 chamber holes and one-dimensional 

Gauss code [13] 

  

Figure 10. Comparison between the numerical results of the 

mass flow rate of the holes of the 3 series chamber and the 

experimental results [20] 

13.2 Solving field in series 3.5 

To validate the obtained numerical results, the 

results have been compared with the output of  

the one-dimensional code developed for the 3.5 

series. This one-dimensional code was 

developed by Guzesi et al. [15] based on the one-

dimensional Goos code. Figure 11 compares the 

mass flow distribution obtained from the present 

numerical work with the results of the one-

dimensional code for the initial region of the 3.5 

series combustor. 

  

Figure 11. Comparison between the numerical results of 

the 3.5 series chamber and the one-dimensional code of 

Mazidi et al [19] 

14 SERIES 3 CHAMBER RESULTS 

The overall pressure contour of the solution field is 

shown in Figure 12, and the overall velocity vector 

is shown in Figure 13. 

 

 

Figure 12. Total pressure contour in the solution field 
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Figure 13. The overall velocity vector in the solution field 

15 THE RESULTS OF THE 3.5 SERIES 

CHAMBER 

Due to the identical dimensions of the Series 3 and 

3.5 combustion chambers, the method used for the 

mass calculations of the Series 3 chamber can also 

be applied to the Series 3.5. Thus, when extracting 

and performing geometric modeling for numerical 

analysis, the initial pressure distribution is made 

equivalent to that of Series 3. The flow rate through 

each row of the Series 3.5 chamber cavity is shown 

in Figure 14. 

  

Figure 14. Diagram of passing mass flow rate in rows of 

combustion chambers of the 3.5 series 

In this figure, it can be seen that the flow 

through each hole increases in the initial area as it 

moves along the combustion chamber. This increase 

continues up to row 7, which is the first row of 

primary holes, after which it starts to decrease until 

it enters the secondary area. In the secondary area, 

the flow rate from each hole decreases until row 22, 

which is the second row of main holes. After that, 

the flow rate increases again and enters the dilution 

area with an upward trend. In the dilution zone, the 

flow rate continues to increase, so that at the end of 

the combustion chamber and in the final rows, the 

flow rate passing through each hole reaches its 

maximum value. 

16 COMPARISON OF INTERNAL 

CURRENTS OF SERIES 3 AND 3.5 

After modeling the flow between the combustion 

chamber and the engine casing, the obtained 

pressure and flow rate at the combustion chamber 

inlets are used as boundary conditions for the cold 

solution of the internal flow field of the combustion 

chamber. After applying these boundary conditions 

and gridding the inner field of the solution, the same 

governing equations and discretization parameters 

used for the surrounding environment are applied. 

The results obtained are shown in Figures 15 and 16 

for the Series 3 and Series 3.5 enclosures. 
 

 
A 

B 
 

Figure 15. Overall velocity contour in the middle plane of the 

combustion chamber, (A) Series 3 and (B) Series 3.5 

 

As shown in Figure 15, there are approximately 

three recirculation zones in the Series 3 chamber. 

These areas are almost eliminated in the Series 3.5 

combustion chamber. Additionally, the internal 

cooling layer is evenly distributed throughout the 
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3.5 series chamber. The flow rate through different 

areas of both Series 3 and Series 3.5 chambers is 

shown in Table 3. These results represent the overall 

mass flow distribution in the primary, secondary, 

and dilution zones of both types of combustion 

chambers. 

 

 
A 

 
B 

Figure 16. Overall velocity contour in the combustion 

chamber inlet plate, (A) Series 3 and (B) Series 3.5 

Table 3. Comparison of the flow through the primary, 

secondary, and dilution areas of the combustion chamber of 

series 3 and 3.5 

District primary 
Mass flow rate (kg/s) 

3 3.5 

secondary 0.509 0.713 

dilution 1.158 0.811 

The entire chamber 0.707 0.855 

District 2.374 3.37 

17 SUMMARY AND CONCLUSION 

In this article, the geometric model of the T56 Series 3 

engine combustion chamber was first built, and a 

numerical analysis of the flow in the space between the 

combustion chamber and the engine casing was 

performed. As a result, the flow rate passing through 

all the holes and cooling tools was extracted and 

compared with experimental results, confirming the 

high accuracy of the obtained results. The T56 Series 

3 engine combustion chamber was used as a base 

model to analyze the Series 3.5 combustion chamber 

and compare its performance with that of the Series 3. 

In this study, the Series 3.5 combustion chamber was 

numerically analyzed for the first time. The geometry 

of this chamber was extracted and geometrically 

modeled based solely on two available images. A 

numerical analysis of the flow in the space between the 

Series 3.5 combustion chamber and the engine casing 

was also performed. As a result, the flow through all 

the holes and cooling devices was calculated. A 

comparison was made between the flow through the 

primary, secondary, and dilution zones in both the 

Series 3 and Series 3.5 models. The results show an 

almost equal distribution of the input air between the 

three zones in the Series 3.5 combustion chamber. The 

analysis of the flow inside the combustion chamber 

was conducted for both Series 3 and Series 3.5. The 

results indicate that in the Series 3.5 combustion 

chamber, the flow in the secondary areas and dilution 

zones has nearly disappeared. Additionally, the 

thickness of the wall cooling layer in the Series 3.5 is 

almost constant throughout the combustion chamber. 
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