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1. Introduction

The article discusses the direction of development 

of promising multimode aviation gas turbine engines 

(GTE). It is shown that the development of GTE is on the 

way to increase the parameters engine workflow: gas tem-

peratures in front of the turbine T*g and the degree of pres-

sure increase in the compressor P*K. It is predicted that the 

next generation engines will operate with high parameters 

of the working process, T*g = 2000 – 2200 K, π*K = 60 - 

80. At this temperature of gases in front of the turbine, the

working mixture in the combustion chamber (CC) is stoi-

chiometric, which sharply narrows the range of stable op-

eration of the CC and its efficiency drops sharply in off-

design gas turbine engine operation modes. To expand the 

range of effective and stable work, it is proposed to use an 

advanced aviation GTE: Adaptive Type Combustion 

Chamber (ATCC). A scheme of the ATCC and the princi-

ples of its regulation in the system of a multi-mode gas 

turbine engine are presented. In the regulation of ATCC, 

algorithms for adaptive choice of options and self-

adjusting adaptive algorithms can be used. The use of 

ATCC in future aviation multimode GTEs will greatly 

expand their range of stable and efficient operation. 

2. State of the art

The development of aviation gas turbine engines 

(GTE) follows the path of constantly increasing the param-

eters of the working process, increasing the temperature of 

gases in front of the turbine –T*g and increasing the degree 

of pressure increase in engines - π*к = Р*к /Р*в (P*к - pres-

sure for the compressor of the engine, P*B - pressure on an 

entrance to the engine). This allows to significantly im-

prove the performance of promising GTEs of the next gen-

eration. The growth of T*g with a simultaneous increase in 

π*K to lead to an increase in the specific thrust of the en-

gine Rc = R / GA (R - engine thrust, GA - air flow through 

the engine and frontal thrust RF = RTO / Fm). RTO is the en-

gine take-off power, Fm is the area of the mid-section of 

the engine.  

The higher the RF, the smaller the frontal dimensions of the 

engine and the specific gravity of the engine YENG= GENG / 

R (GENG - engine mass). RF and YENG - characterize the lev-

el of engine excellence. 

The increase in the values of T*g and π*K to lead 

to an increase in the work cycle and efficiency. Table 1 

presents the growth trend of T*g and π*K among various 

generations of aviation GTEs. 

As a rule, multimode GTEs are calculated on the 

maximum power mode, which is characterized by the op-

timal parameters of its thermodynamic cycle. It is the 

mode that corresponds to the size of the flow part of the 

engine, and the main parameters of the working process 

T*g and π*к. 

For other, off-designed (not calculated) engine 

operating conditions, compromise decisions are made and 

the parameters of the working process in this mode are 

tightened to the optimum. This is achieved by various 

methods of regulating the flow part of the GTE. This is 

made possible due to the many modes of operation of the 

aircraft.  

Multimode aircraft at various stages of flight 

solve various problems; therefore, for each engine operat-

ing mode corresponding to the stage of flight of the air-

craft, certain requirements are imposed. These require-

ments are aimed at ensuring the maximum performance of 

the engine and power plant, while the reserves of the gas-

dynamic stability of the engine in these modes must be 

provided. Thus, promising future aviation gas turbine en-

gines will have a large number of controlling influences on 

the working process in the engine, which will lead to an 

increase in the adjusted parameters of the gas turbine en-

gine. This will allow one to actively influence the working 

process of the GTE and carry out the optimal tuning of the 

engine for each stage of the flight of the aircraft. 

Another feature of the multi-mode aircraft is the 

flight at supersonic cruising modes, which should be car-

ried out on unforced engine operating modes.A promising 

direction to meet this requirement is the creation of so-

called stoichiometric engines. In these engines, all the ox-

ygen in the air entering it is used to burn the fuel in the 

main combustion chamber (CC) to produce high T*g. 

Table 1 

The growth trend of T*g and π*K among various generations of aviation GTEs. 

Generation of GTE I II III IV V VI 

T*g, K 1000-1150 1150-1250 1300-1450- 1500-1650 1850-1900 2100-2200 

π*K 3-5 7-13 14-20 20-35 20-50 60-80 

Getting T*g = 2000-2200 K in a CC of a perspec-

tive gas turbine engine requires that the combustion air 

excess coefficient αCC = GА / GF * LO (GA is the flow rate 

of air entering the CC, GF is the fuel consumption entering 
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the CC, Lo is the theoretically necessary amount of air for 

complete combustion of 1 kg of fuel, for aviation kerosene 

LO = 14.8 [1]) was αCC = 1.1-1.2.The calculated depend-

ence of the temperature of the combustion products on the 

coefficient of air excess (α) is shown in Fig. 1 [2]. The 

value α = 1 is called stoichiometric [2], and CC, in which 

αCC is close to stoichiometric value, are called stoichio-

metric (high-temperature CC). As can be seen from Fig. 1, 

the operating range of stoichiometric CCs is very narrow in 

the range of αCC. In multimode GTE maneuverable air-

plane αCC varies in a wide range. Fig. 2 presents the range 

of variation of the CS in the GTE maneuverable, multi-

mode airplane [3]. 

Fig. 1 Estimated dependence of the temperature of the 

combustion products of fuel oil on the coefficient 

of excess air:           at T *K = 600 K; - - - with T*K = 

300 K 

Fig. 2 The range of variation of αmax  and αmin  of the CC in 

the multimode GTE of (maneuverable) airplane 

As can be seen in the graph above, to ensure the 

possibility of stable and efficient operation of high-

temperature stoichiometric CC and T*g = 2000-2200 K in a 

multi-mode gas-turbine engine, it is necessary to use ele-

ments of the control of the combustion chamber [4]. In [5, 

6] various methods of regulating the main combustion

chamber (CC) of a multimode GTE are described. Alt-

hough these methods of regulating the main CC were 

mainly aimed at obtaining better characteristics for the 

emission of pollutants, they can also be used to improve 

the characteristics of the high-temperature main CC. Ad-

justment in the main CC is aimed at maintaining the speci-

fied composition of the fuel-air mixture in the combustion 

zone. Maintaining the required composition of  

the mixture in the CC can be facilitated by the supply of 

fuel distributing it to the combustion zones. Several com-

bustion zones are created that operate on the corresponding 

GTE operation modes [1]. Figure 3 shows the manufac-

tured CC by company SNEKMA with two zones of com-

bustion chamber areas. 

Fig. 3 Two-work area CC of the company SNEKMA [3] 

The main drawback of such burning is the ineffi-

cient use of the volume of the CC. In some modes of oper-

ation, the gas turbine engine of the zone type uses only half 

of its working volume. Another way to maintain a given 

composition of the mixture in the CS is the redistribution 

of air entering the CC, depending on the mode of operation 

of the GTE. Air is distributed by using, for example, an 

adjustable front device [4]. In Fig.4. is presented combus-

tion chamber (CC) with adjustable front-mounted device. 

Fig. 4 The CC scheme with an adjustable front-mounted device 

[4] 

3. Hypothetical adaptive type combustion chamber.

Also, by changing the flow area of the holes in the 

flame tube, it is possible to vary the air supply to the com-

bustion zone in various combinations to maintain a given 

αCC [5,6]. Another method for regulating the composition 

of the mixture in the primary combustion zone of a CC is 

to change its geometric dimensions in accordance with 

changes in the operating conditions of a multi-mode gas 

turbine engine, and the air supply is redistributed through-

out the entire flame tube. Currently, the adjustability of the 

elements of the CC is sufficiently broadly developed. Var-
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ious adjustable nozzles, swirlers with adjustable blade in-

stallation angle and changing the walking cross-sectional 

area, front-facing devices with preliminary organization of 

the air mixture fuel and control of its supply, adjustment of 

the CC volume with redistribution of air throughout the 

flame tube, etc. 

Based on the above, it is possible to schematically 

present a hypothetical high-temperature CC for a multi-

mode perspective GTE. In fig. 5 shows a hypothetical 

high-temperature CC with workflow control element or 

adaptive type CC (ATCC). 

Fig. 5 Diagram of the hypothetical adaptive type combustion chamber (ATCC) 

A combustion chamber in which elements of ad-

justable geometric dimensions are used in accordance with 

the operation mode of the GTE, as a rule, the volume of 

CC and, accordingly, redistribution of air supply to the 

combustion and mixing zone, is called an adaptive type CC 

of an adaptive type. Fig. 5 schematically shows the known 

elements of the regulation of the CC. In the future, other 

elements of regulation of high-temperature CC can be de-

veloped. An obstacle for use of effective control of multi-

mode CC of the GTE is the design complexity of the con-

trolled CC, high-temperature GTE operation modes and 

limitations in the level of development of modern materials 

science and technology. The application of adjustability in 

a high-temperature ATCC is aimed at maintaining a given 

αCC, at which the CC works sufficiently effectively, with a 

high combustion efficiency ηg [2], this also leads to the 

expansion of its range of stable operation. 

Table 2 presents the adjustable parameters, the 

control actions and the achieved adjustability objectives for 

the hypothetical ATCC of multimode GTE. The imple-

mentation of the management of ATCC is adjustment sys-

tem. The adaptive adjustment system of a high-temperature 

CC of a multimode GTE can be implemented in two ways. 

First - is the adaptive choice of options, as the 

simplest. 

Second - is a self-adaptive adaptive system, as 

more complex. 

Adjustment via method of adaptive choice of op-

tions is the choice of control actions (variant of the CC) 

under conditions of a priori uncertainty [7, 9, 10]. 

Table 2 

The adjustable parameters, the control actions and the achieved adjustment 

objectives for the hypothetical ATCC of multimode GTE 

N, P Adjustable parameter Designation Control action The purpose of 

regulation on GTE modes 

1. Air supply to the fuel injector FVF The area of the orifices of the air 

flow through the nozzle 

Coordination of the spray angle of the 

geometry of the CC 

2. Spinning the air in the front of 

the device 

φz Swirl Blade Installation Angle Coordination of the sizes of the zone of 

processing currents of the geometry of 

the CC 

3. Air flow through the front 

device 

Fz The area of the openings of the flow 

sections of the air supply through the 

swirler 

Maintaining a given αCC in the primary 

combustion zone 

4. Changing the geometric di-

mensions of the CC 

VK The volume of the flame tube KS 

(change in length- L and height - H) 

Coordination of the volume of the 

flame tube CC and its dimensions to 

the mode of operation of the GTE 

5. Supply of secondary air flow-

along the length of the CC 

FOK The area of the openings of the flow 

areas of the secondary air supply to 

the flame tube 

The distribution of the secondary air 

supply throughout the volume of the 

CS to maintain a given αCC 

6. Fuel supply to the CC GFJ Adjustable fuel supply through the 

nozzle 

Specified fuel supply, depending on 

the mode of operation of the GTE 
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In this direction, the ATCC has several fixed posi-

tions of all control actions distributed over the GTE opera-

tion modes. Where for each range of GTE operation mode 

there corresponds to “its own” version of the CS, which in 

these conditions realizes the best performance. Each vari-

ant of the COP corresponds to a fixed position of the con-

trol action. In this way: 

1
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Graphically characterization of the relative coeffi-

cient of completeness of combustion max/g g g  =  g – 

current combustion ratio, maxg – maximum coefficient of 

completeness of combustion) depending on the αCС for 

ATCC with an adaptive choice of options can be repre-

sented in the following form, Fig.7. ( )g CCf = . 

Fig. 6 Characteristic adaptive type combustion chamber 

(ATCC) with an adaptive choice of options 

The generalized characteristic of the ATCC is the 

curve of the peaks of the variants. Thus, given the formula 

(1) we get: 

1

  .
ig CC

n

i

f
=

=



  (3) 

When using the self-regulated adaptive system 

ATCC, the rule for determining the control actions changes 

in the course of GTE operation. In this case, the adaptive 

control algorithm will be a combination of adjustment and 

adaptation algorithms [8]. The adaptive control system will 

be a dynamic system consisting of a ATCC and a device 

implementing an adaptive control algorithm, with the con-

trol algorithm to be determined over the entire range of 

operation of a multimode GTE. In this case, the ATCC 

characteristic will appear as follows, see Fig.7 

Fig. 7 The characteristic of ATCC with the self-adjusted 

adaptive system of regulation 

In this way: 

( )( ) ,Cg Cf u = (4) 

where: u – control vector. 

4. Conclusions

1. It is necessary to clarify the definition of an

adaptive type CC (ATCC). 

2. Based on the above, ATCC multimode GTE is

a CC with a large number of control actions on the organi-

zation of the workflow (advanced management) and the 

system of adaptive management. 

3. As can be seen in Figs. 6 and 7, the application

of ATCC in a high-temperature multi-mode gas turbine 

engine will significantly reduce its specific fuel consump-

tion (CR) in all operating modes. 

4. Since the increase in the coefficient of com-

pleteness of combustion of fuel (ηg) leads to a decrease in 

CR [2]: 

3600
,R

g u C

Q
C

H R


=

 
(5) 

where: Q - Heat release during the combustion of fuel in 

the CC; Hu - thermal conductivity of fuel.  

5. At the same time, the task of expanding the

range of stable engine operation is being solved. 
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Summary. 

This paper presents the investigation of existed combustion 

chamber type’s construction. It’s adjustment and all neces-

sary parameters analysis. After wide analysis of working 

characteristics the adaptive control system is developed 

consisting of a ATCC and a device implementing an adap-

tive control algorithm, with the control algorithm to be 

determined over the entire range of operation of a multi-

mode GTE. 
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