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Today, an urgent scientific problem is the development of highly effi-
cient, environmentally friendly, mobile, low-power cogeneration
power plants that have small size and weight characteristics and use
renewable resources as fuel. Potential consumers of generated energy
are enterprises located in settlements that are far from combined heat
and power plants (CHPP) or thermal power plants (TPP). Supplying
heat and networks to such settlements from large power facilities is
difficult, and transport charges for fuel delivery are very high. A con-
cept of creating a highly efficient cogeneration power plant based on
gas turbine technologies is proposed. A thermodynamic analysis of
air, simple, and regenerative Brayton cycles is carried out. On the
basis of its results, in a wide varying range of operating parameters,
we determined the cycle implementation conditions providing high
energy efficiency. A peculiarity of the proposed design solution is the
use of air as a turbine working fluid to obtain useful capacity. In this
case, the heat of the air leaving the turbine is used in the combustion
process in a boiler. The proposed installation can be used with any
heat source. Its main advantages compared to traditional gas turbine
installations are as follows: energy advantages — the mounting of the
combustion chamber of a solid fuel boiler downstream of the air tur-
bine allows using the heat of the air leaving the air turbine, thereby
reducing fuel consumption in the combustion chamber and, accord-
ingly, increasing its efficiency; technological advantages — the tur-

bine operates on pure air, and is protected from the formation of
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tion power plant.

Introduction

With rising prices for fuel and electricity in this country, the problem of increasing the efficiency of
power plants that provide the combined production of heat and electricity has become even more urgent. To-
day, a significant part of the electric and thermal energy is generated at large combined heat and power plants
(CHPP) or thermal power plants (TPP). The efficiency of the operating power units is at the level of 35 to 37%.

In addition to relatively low energy efficiency, the operation of large CHPPs and TPPs is associated
with large losses of energy during its transportation to the consumer, emissions of harmful substances into
the environment as well as greenhouse gases. The economic aspect is also important. The use of mostly im-
ported natural gas and coal at CHPPs and TPPs makes the cost of the generated electric and heat energy sub-
stantially dependent on the price of the primary fuel.

One of the progressive solutions to the existing energy problems is the introduction of the concept of
distributed generation based on the construction of small thermal power plants (mini-CHPPs) with cogenera-
tion power plants, which are cost-effective and environmentally friendly. Mini-CHPPs, which are capable of
changing the power being generated in a wide range (from 0 to 100%) for short periods of time, are espe-
cially relevant because they can be used to regulate the balance in the United Energy System. In Europe,
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governments are encouraging the construction of energy centers based on mini-CHPPs and their connection
to distribution networks in every way [1, 2].

Distributed Generation of Electric and Thermal Energy: Problems and Challenges

Distributed generation of electric and thermal energy is in great demand in this country today, espe-
cially for geographically separate enterprises, municipal facilities located in the areas where centralized en-
ergy supply systems are missing or destroyed, for agro-industrial enterprises, units of the armed forces, and
state emergency services.

Despite the fact that today a fairly wide range of energy-generating equipment is presented on the
market, there is a narrow range of choice of so-called small cogeneration power plants (with a capacity of 20
to 300 kW) operating on various types of fuel with high electric and total efficiency. The creation of such
facilities is consistent both with global trends in the development of distributed energy and the provisions of
the New Energy Strategy of Ukraine until 2035, which provides for a significant increase in the use of re-
newable fuel resources.

For cogeneration power plants operating in distributed generation systems, there can be used local
fuel resources, for example, peat, oil shale, straw, waste from woodworking enterprises. The possibility of
changing traditional hydrocarbon fuels for biogenic ones can reduce the payback period of such an installa-
tion and, to some extent, contribute to solving this country's energy independence problem. It is known that
using cogeneration power plants in parallel with an external distribution network is most appropriate. In this
case, it is possible to transfer surplus electricity to a distribution network, as well as receive it from the net-
work in the case when the electricity generated does not cover its own needs (in the case of a stop for preven-
tive work or during peak loads).

Now, many companies in the world produce small cogeneration power plants with capacities from sev-
eral hundred kW and below [1-3]. Since the late 90s, there began the serial production of micro gas turbines
(MGT) by such companies as Capstone Turbine Corporation (CPST), Toyota Turbine And Systems Inc., Cal-
netix Technologies, Bowman Power Group, Wilson Turbo Power Inc., Turbec R & DAB, Nissan Motors Co.,
UTC Power and others. Manufacturers offer their original technical solutions both for stationary and mobile
cogeneration power plants. An analysis of commercially available MGTs showed that they differ in design,
operational characteristics, power, types of fuel used. The greatest successes in terms of energy efficiency have
been achieved for installations based on internal combustion engines [4]. The electrical efficiency of these in-
stallations can reach 40 to 45%. However, they require the use of expensive liquid or gaseous fuels. Among the
disadvantages of such systems is their non-universality in the type of fuel, that is, impossibility of using differ-
ent fuels simultaneously. For installations developed on the basis of gas turbine equipment, the electrical effi-
ciency is somewhat lower (35 to 37%), but they also require the use of expensive natural gas. The small co-
generation power plants, that are now being created, operate on various types of biofuel, and in terms of their
energy efficiency are still at a much lower level. For biogas plants based on gas turbine equipment, the effi-
ciency is 21 to 27% [4].

In general, it can be stated that today there is an urgent need for small cogeneration power plants op-
erating on various types of fuel, including renewable ones (wood, leaves, waste from wood and agricultural
production, municipal solid waste, etc.), which have a fairly high electrical and total efficiency [5, 6].

Thus, an urgent scientific problem is the development of a concept of creating highly efficient, envi-
ronmentally friendly, mobile, low-power cogeneration power plants that have small size and weight charac-
teristics, and use various types of primary fuel, including renewable ones.

Thermodynamic Analysis of Ideal and Real Air Brayton cycle
At the first stage, to evaluate the possible efficiency of the power plant being designed, a thermody-
namic analysis of the Brayton cycle was performed.

Simple Ideal Brayton Cycle

The simple ideal Brayton cycle in 7-s coordinates is shown in Fig. 1. In adiabatic process 1-2, the work-
ing fluid is compressed from the parameters of point 1 to the parameters of point 2. In isobaric process 2-3,
the working fluid is supplied with an amount of heat from the source g;. In adiabatic process 3—4, the working
fluid expands to the initial pressure p,=p, and in isobaric process 4—1, it is reduced to the parameters of point 1
with the removal of heat g, to the heat receiver [7].
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Accepting the assumption that the isobaric heat capacity of A

the working fluid c¢,=const, and taking into account that T pa—const __ :

o/ T\ =T/ Ty=m,* " the thermal efficiency of an ideal cycle can be
represented as

o4

-
,/ \ pr=const
TN

Mt 21_1/7tk(k_1)/k , (D
where m=p,/p, is the degree of air pressure increase in the com-
pressor; k is the adiabatic exponent [7].

In an ideal cycle, the thermal efficiency depends only on the 1
degree of pressure increase m;, and does not depend on the turbine
inlet air temperature 73, and the greater the degree of pressure in-
crease in the compressor, the greater the thermal efficiency of the
cycle. It should be noted that even when the ideal cycle is analyzed,
this condition is valid only in the first approximation. In the future, T 4p7™
additional factors must be taken into account, which will be dis- T3
cussed below.

Let us analyze the effect of m; on the thermal efficiency of
the ideal cycle.

The compressor inlet pressure and air temperature are as-
sumed to be constant (7,=const; p;=const), and so is the turbine o
inlet air temperature 75 (75=const). Under such conditions, m; can ! 1
take values from 1 to m,". When p,=p;, m=1 (and at the maxi- —
mum pressure p," m=m;" ) then as a result of compression, the
temperature reaches the maximum value T»=73. The corresponding | Fi8- 2. Change in the cycle configuration
change in cycle configuration is shown in Fig. 2 [7]. at the maximum T and p;"*

L2

qz

A\

Fig. 1. Ideal Brayton cycle
in the T-s diagram

L2

max

At m=1, the cycle work [, = g, —q, is zero, and therefore ng,»=0. At m=m; ", the efficiency nm has

its maximum value, since 7,=75. In this case, the thermal efficiency is determined from the expression

Ny =1 —%, and corresponds to the efficiency of the ideal Carnot cycle. As can be seen from Fig. 2, in the
3

T-s diagram, at m=m;,""", the cycle changes its configuration, and degenerates into a straight vertical line.
Thus, there exists a paradoxical situation when, at the maximum value of the thermal efficiency, the cycle
operation is missing (/=0), i.e. all turbine operation is spent on the compressor drive [7].

On the other hand, at a fixed value of m;, an increase in the turbine inlet air temperature 73 leads to an
increase in both the average heat supply temperature 7 and average heat removal temperature 7, their ratio
remaining constant and equal to the 75/7) ratio as a result of isobar equidistance [7]. In this case, the thermal
efficiency of the cycle does not change, either, when the turbine inlet air temperature 75 changes.

Figure 3 shows the dependencies of the thermal efficiency and operation of the ideal cycle on the
degree of pressure increase.

As it can be seen, the choice of the pressure increase degree value of m;, should be made not only by
the thermal efficiency of the cycle (Fig. 3, a), but also by the maximum cycle work value /™" (Fig. 3, b).

To find the conditions for reaching /™, we use the necessary condition for the extremum [7]

ol
=0,
(anJ

as a result of which we obtain the optimal compression ratio equal to
k

Tc(]zpt — BZ(k—l) , (2)

where f is the ratio of temperatures 75/7.
Thus, the efficiency of the ideal cycle is influenced both by the compressor inlet temperature 7' and
the turbine inlet working fluid temperature 73. Fig. 4 shows the combined influence on both the thermal effi-
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ciency of the cycle and turbine operation of both the degree of pressure increase in the cycle and temperature
Ts, where m™"', m,™! are the optimal and maximum degrees of pressure increase at p;=3.5, and 7", 1",
at $,=3.8. It can be seen that with an increase in the temperature ratio p=75/T; from B,=3.5 to p,=3.8, it in-
creases from m,™'=80 to m,"**=105. It can also be seen that the optimal compression ratio """ depends on
the value of B, which corresponds to dependence (2).

As an additional indicator of the efficiency of the gas turbine cycle, the work coefficient is also used,

which is the ratio [7]
(p =1- lcompr /lturb

where [compr, [ are the technical works of reversible adiabatic processes of air compression in the compres-
sor and air expansion in the turbine.
Given that for an ideal cycle Lomp=c,(To~T}) and luw=c,(T5~T4), and To/T\=Ty/ Ty=m,* ", T+/T\=P, the
exponent ¢ can be expressed as a function of the degree of pressure increase and temperature ratio 3 as
k-1
T, k-
p
Fig. 5 shows the dependence of ¢ both on § and ;.
By substituting (2) into (1) and (3) we can obtain the dependence for finding the optimal thermal ef-
ficiency of the ideal cycle, as well as the work coefficient ¢
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Fig. 3. Dependencies on the degree of pressure increase:
a— of the thermal efficiency of the ideal cycle; b — the compression work Loy, the expansion work /., and the cycle work /;
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Fig. 5. Combined influence of f§ and m; on the work
coefficient ¢

Fig. 4. Combined influence on both the thermal efficiency
of the cycle and turbine operation of both the degree of
pressure increase in the cycle and the temperature Tj:

1 — cycle work; 2 — cycle thermal efficiency
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Fig. 6. Dependence of the optimal values of m,”” (a) and n4,.,,"” (b) on

The analysis of the equations allows us to conclude that the higher 75 and lower 7, the higher the ef-

ficiency of the ideal Brayton cycle. The optimal, in terms of maximum specific work, values of T,

and ¢” depend only on the ratio =757\, N and @™

opt opt

’ T]thrm ’

being equal for an ideal cycle. Fig. 6 shows the

dependencies of the optimal compression ratio and optimal thermal efficiency of the ideal cycle on .

The analysis of the ideal cycle at optimal ;™

= f(B) showed that the condition for the maximum

cycle work is satisfied if the compressor outlet temperature 75 is equal to the turbine outlet temperature 7.

Ideal Brayton Cycle with Heat Regeneration

One of the ways of increasing the thermodynamic efficiency of
the Brayton cycle, that is, bringing it closer to the generalized Carnot cy-
cle, is to use regeneration [7, 8]. Fig. 7 shows an ideal cycle with the re-
generation of the working fluid heat in the 7-s diagram.

Fig. 7 presents the following processes: 1-2 — adiabatic air com-
pression in the compressor; 2—6 — isobaric air heating in the heat ex-
changer-regenerator; 63 — isobaric supply of heat; 3—4 — adiabatic expan-
sion on turbine blades; 4-5 — isobaric heat removal from gases to the air in
the heat exchanger-regenerator; 5—1 — isobaric cooling of the working
fluid. With complete regeneration, the heat from section 4-5 is transferred
reversibly to section 2—6. As a result, the heat g, from an external source is
supplied to the working fluid at a higher average temperature, and the heat
q» is removed to an external source at a lower average temperature.

To characterize the regenerative heat transfer process, we used
the degree of regeneration ¢

o= Geg _T,-T5 _Ts-T,

qr[g;x I,-T, T4_T2’

where ¢, is the actually regenerated heat; g,

Fig. 7. Ideal Brayton
regenerative cycle

is the maximum possible regenerated heat.

The complete regeneration (6=1) occurs when T4=T}, and 75=T75. In practice, the condition 7x<7, and

T,<Ts is fulfilled.

Given that T,/T\=T5/T. 4=nk(k'1)”‘ and 75/T\=P, the thermal efficiency of the regenerative cycle can be

expressed as
k=1 1-k

RC _ IL,-T,-T,+T, —

B-—m, « —m, x P+1

thrm — max 1-k
T3 _TZ -G qreg

16

k-1
B-m, x — G(ﬂkk[_)) -, k

B}
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and with the complete regeneration (c=1), as
k-1
RC T, k —1

Nt =1 =755
B(l—ﬂ:kk)

Fig. 8 shows the change in the thermal efficiency of the regenerative cycle, with the change depend-
ing on my, G, B.

Fig. 8. Dependencies of the thermal efficiency of the regenerative cycle on:
a—m and o at f=3.5; b — m; and P at =1

Fig. 9 shows the change in the thermal efficiency of the regenerative cycle with the complete heat re-

covery in the cycle, and Fig. 10, at various degrees of regeneration for variable temperature ratios .

The highest efficiency is observed at p=4. So, if 7,=25 °C K 080
and =4, then 75=920 °C, and at 73=15 °C, T5=880 °C. i 075
Fig. 9 shows that if the regeneration is complete (o=1), 0.70 ~
which is impossible in a real cycle, then the maximum 0.65 4=
possible thermal efficiency of the cycle will be, for ex- 8'22 I % — -
ample, at m=2 and p=4, N5 =0.69 (Fig.9), and for the 0.50 T~ B34 —

RC . 0.45 p=3 ——
same values of m, and B, but at 6=0.75, M, will be 0.40
equal to 0.43 (Fig. 10, a), and at 6=0.93, n~C  will be 0
equal to 0.5 (Fig. 10, b). If we go over to absolute values, 1 2 3 4 5 6 7 8 9 10 wm
th_en the ter_nperatures_ Correspondlngi 0 :hé reg_lme “Z,lth Fig. 9. Dependence of " on m for various values of
0=0.93, m=2 and =4 can be T;=25°C; T:=90.3°C; B with the complete regeneration (6=1)
T=919.5 °C; T;=705 °C; Ts=130 °C; T,=665 °C. prereres o

T]lhrmRC 055 B:4 T]lhrmRC 065
0.60 p=4
0.50
0.55
34 o —— B34
0.45 B 0.50 __5\
— =3
0.40 / p=3 0.45 —// :
// 0.40 /
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Fig. 10. Dependence of fym ¢ on m for various values of p:
a — at the regeneration degree 6=0.75; b — at the regeneration degree 6=0.93
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Thus, the analysis of the ideal Brayton cycle both without and with heat regeneration allowed us to
draw the following conclusions:

— the optimal degree of pressure increase in the compressor, which corresponds to the maximum cy-
cle work for a fixed value of the temperature ratio 75/7,=p, corresponds to the cycle parameters 7,=T7,. Ac-
cordingly, this ideal cycle regime without regeneration will correspond to such a regime with regeneration

when M. =Nhe | and q;eg =0. Thus, ™ of an ideal cycle without regeneration is a limitation for a cycle

with regeneration;

— to increase the thermal efficiency of the cycle with heat regeneration, nf{hfm , it is necessary to in-

crease 75/T1=P and, as much as possible, the degree of regeneration.

The Scheme of Implementation of the Air Brayton Cycle with the Original Method of Regeneration

In the power installation proposed, the working fluid is pure air, and its peculiarity is that the air
leaving the turbine is supplied to the boiler as an oxidizing agent for the combustion process. Such an ap-
proach provides the utilization of the heat leaving the turbine air. The schematic diagram of the power instal-
lation is shown in Fig. 11.

The power installation contains an air compressor with a drive, an air turbine with an electric generator,
a combustion chamber of a boiler operating on various types of fuel, a fuel source, a heat exchanger with an air
and a gas circuit, as well as an air pipeline. The compressor and turbine can be made either as single-stage or
multi-stage devices of various types (axial, radial, radial-axial, etc.). The electric generator can be located either
on a common shaft with a compressor and a turbine, or on a separate shaft with a power turbine.

The installation operates as follows.

Atmospheric air is absorbed by the compressor, where its temperature and pressure increase as a result
of the compression process. Further, the air is supplied for heating to the regenerative heat exchanger HE-1

included in the boiler. After passing the POC

air circuit of the heat exchanger, the to the atmosphere
heated air enters the air turbine, where T10

it expands to near atmospheric pres-

sure, with the air being accompanied by Blr 1 9

a decrease in its temperature and gen-

eration of the mechanical energy that is
transmitted to the power consumer. From a heat point HE-2

10
Part of the useful power produced by To a heat point
< @o—|
11

the turbi
urbine goes to the compressor "
1
&
| ——
I

drive, and the other part is used to drive
Fuel supply

the electric generator. From the air tur-
bine, the air is supplied to the combus-
tion chamber of the boiler, where the
fuel source supplies fuel for combus-
tion. At the stages of ignition of the
boiler, with the help of a blower, at-
mospheric air is supplied to the boiler.
In the boiler combustion chamber, the
mixture of fuel and air burns with re-

From the atmosphere

leasing heat, and the exhaust gas enters Compr

the gas circuit of the heat exchanger 3 Turb

HE-1, on passing which it is released

into the atmosphere. Also, in the heat Fig. 11. Power installation diagram:

exchanger HE-2 of the solid fuel boiler, BIr — boiler with a heat exchanger; Compr — compressor; Turb — turbine;
the water circulating from a heat point EG - electric generator; Blo - blower;

is heated HE-1 - recuperative heat exchanger for air heating;

HE-2 - heat exchanger for water heating
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Power installation advantages:

— energy — the mounting of the combustion chamber of a solid fuel boiler downstream of the air tur-
bine allows using the heat of the air leaving the air turbine, thereby reducing fuel consumption in the com-
bustion chamber and, accordingly, increasing its efficiency;

— technological — the turbine operates on pure air, and is protected from the formation of sludge on
the surfaces of its blades or their erosion if the working fluid is dirty. It does not require that external turbine
cooling systems be used, which greatly simplifies its design;

— environmental — waste management. The turbine can operate on gas produced as a result of the
thermal treatment of municipal solid waste. In addition, the boiler combustion chamber operates at almost
atmospheric pressure with a lower emission of harmful substances into the atmosphere;

— economic — it can generate its own electricity and heat.

In Fig. 11 are accepted the following designations: 1 — compressor inlet; 2 — compressor outlet;
3 — turbine inlet; 4 — turbine outlet; 5 — blower inlet; 6 — blower outlet; 7 — boiler combustion chamber;
8 — in the boiler downstream of HE-1; 9 — boiler outlet downstream of HE-2; 10 — water from a heat point;
11 — water to a heat point.

Calculation of Real Power-Plant Cycle Characteristics

To choose the parameters of the air Brayton cycle with the original method of regeneration, we will
further take into account the real cycle irreversibility caused by the presence of friction in adiabatic compres-
sion processes 1-2” and expansion processes 3—4 " of the air both in the compressor and air turbine (Fig. 12).

The irreversibility of the adiabatic process of air compression in the | 4
compressor characterizes the adiabatic efficiency of the compressor T
lompr  €par L= Th)

__ “compr

ncompr - l/ - Cp . (Tz, —Tl) )

compr

and the irreversibility of the adiabatic process of air expansion in the turbine
is the internal relative efficiency of the turbine

N = ll’urb — Cp air (T% _T4’) ,
law € (T3=T,) o
where l;ompr 17, are the works of both compression in the compressor and Fig. 12. Real Brayton cycle
expansion in the turbine in a real cycle. with heat regeneration
As it is for an ideal cycle, the assumption is made that the isobaric heat capacity of air ¢, ,; is varia-

bly weak. This allows us to represent the internal absolute efficiency of the actual regenerative cycle through
the relative quantities m;, f and ¢~ as

RC _ lt,urb_léompr _ (T3_T4,)_(T2,_Ti) _

Cog-dqyt (-1)-01]-T)

1k EER
B(l—nk k ]nT—[Tck k —1) )
T]compr
1 (k= : - o
B_ 1+n [lek k —1) -0 B— 1+n (nk k _1] _B(l_nk k ]nturb
compr compr

where the actual cycle regeneration degree is

4 ’
G/: Qreg _ T4_Ts

/max | o’ -
Greg I,-T,

It should be noted that for the proposed scheme (Fig. 11), the temperature difference AT (Fig. 12)
will occur only at the outlet of the heat exchanger HE-1 from the side of the exit gases Ts, because at the
inlet, the heat exchanger HE-1 receives a mixture of combustion products with the air temperature 77, such a
mixture having a temperature that is higher than the turbine inlet temperature 7.
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We studied the influence of the degree of regeneration (Fig. 13) and the degree of increase in pres-
sure at f=3.5 (Fig. 14) on the efficiency of the actual regenerative cycle. Fig. 14 shows the results of the cal-
culations carried out at different values of the adiabatic efficiency of both the compressor and turbine.

Figs. 13 and 14 show that the efficiency values at 6°=0 are equal to the efficiency value of the actual
cycle without regeneration. With regeneration at 6°'=0.99, the temperature difference AT= (T5 =T, ) is 5 °C.

Fig. 15 shows the dependencies of the efficiency of the actual Brayton cycle both without and with
regeneration (¢'=0.9) at given Neomp=0.88 and My,=0.9.

Fig. 15 shows that the efficiency of both a simple actual cycle and regenerative one significantly de-
pend both on the degree of air pressure increase in the compressor and the ratio of the turbine and compres-
sor inlet air temperatures. The higher B, the higher the efficiency in both cycles. However, the nature of the
dependence of the efficiency on m; for simple and regenerative real cycles varies significantly. So, for a re-
generative cycle, the maximum values of 1’ are observed at m<4, while for a simple one, the efficiency

increases at large values of the air pressure increase degree (m>4). In addition, in a regenerative cycle, the
presence of maximum values of 1 is observed in the range 2>m,>2.6 with a change in  from 3 to 4.8.

RC
n;, 0.7

06 | =09 p=3.5
0.5 X T

/ _— = .
0.4 +o°=0:9* = = ==

/ ~ =
03 /f ==
P -

02 Vo=074 =
0.1 7o=0
0.0 T ‘ ‘ ‘ T T ‘

0 1 2 3 4 5 6 1 m

Fig. 14. Dependence of the actual regenerative cycle

Fig. 13. Dependence of the efficiency of the actual efficiency with varying m, and ¢’
regenerative cycle with varying n;, and ¢* at B=3.5 and at Neomp~0.88 and M,,=0.9 (solid line);
at =3.5, Neompr=0.88 and 1,=0.9 and at Neompr=0.92 and M,,=0.95 (dash-dot line)
RC
n;
0.60

0.50
0.40
0.30
0.20
0.10
0.00

[
o

Fig. 15. Dependence of the efficiency with varying r; and f:
a — for the simple actual cycle; b — for the regenerative cycle

Next, we consider the effect of various cycle parameters on the flow characteristics of the installa-
tion. The required air flow rate for a turbine with a power W,=100 kW can be found as [5]
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W,

m. = el ,

ar i i 1
|:Cpair(3_4')(T3 =T;) - Nyr — Cpair(z’_l)(T2 -T) —— }HEG
Mye “Nep

where ¢ Pais is the average isobaric heat capacity of air in the corresponding temperature range; Tmr, Nvc are

the mechanical turbine and compressor efficiencies taken equal to 0.95; nep, Ngg are the compressor drive
and electric generator efficiencies taken equal to 0.97; T7,, 7", are the actual compressor and turbine outlet air
temperatures, which are defined as

1-k
’ 1 Ll , 3
T, =Ty1+ |:(Tck)k _1} v Ty =T =My 1_[&]
ncompr P4

The heat exchanger outlet air pressure for heating the air is determined as follows:
P =pali- it ).
is the generalized coefficient of pressure loss in HE-1, which is taken to be 0.05.

air

where Apyp

The pressure at the turbine outlet is p,=p.
Fig. 16 shows the change in the required air flow to a 100 kW turbine with varying 73, 7, Neompr and Neurp.-
The total installation efficiency is determined by the following function:

, , 1
|:CPair(3»4')(T3 ~T;) M = CPair(Z'—l)(Tz -T,) nMC'nCDi|nEG

(1;-T))

ch _

instl — ’

(T3 -I )- pair(2-4)
Fig. 17 shows the influence on the total efficiency of a power installation with the regeneration of

the parameters m, Neompr and M, Where the solid line indicates the dependence obtained at 753=800 °C; and

the dot-and-dash one, at 75=700 °C.

In the calculations, AT= (T5 -7, ) was taken equal to 15 °C, which corresponds to the change in the

i (3-2)

regeneration coefficient in the range from 0.95 to 0.97.

In addition to the estimates presented in this paper, it is necessary to carry out a large amount of re-
search related to the assessment of the design as well as technical and economic characteristics of the instal-
lation. After setting out the fundamental aspects of designing a power plant operating on the basis of the air
Brayton cycle, which are generally applicable to any heat source, there should be assessed the possibility of
using different types of fuel.

Myirs : n

kg/s : tiL nmrh_o 86
&/8 6.0 =08 ,

nturb r|turb=0 86

5.0 S -
% _092 \ =21
40 /_/ A nturb / k
3.0 Z m=3.1
2.0 ;
1.0 :
0.0 .'
o < <t
I OO0 OO0 o0
2 R R R R R RN QR R 2

<t o©
o0 o0
oo r|compr

0.88 H—r'

0.80

T;= 800 °C | T;= 700 °C

Fig. 16. Change in m,;, for a 100 kW turbine with varying Ts, i, compr and g,
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Fig. 17. Change in qi,,S,,RC Jor a 100 kW turbine with varying i cop,r and y.,:
a—atm=2.1;b —at ;=3.1
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Conclusions

A concept of creating a highly efficient mobile power plant with deep regeneration based on air Bray-
ton's cycle is proposed. The original method of regeneration allows us to increase the coefficient of heat regen-
eration in the cycle up to 0.95 to 0.97, which makes it possible to increase the power plant efficiency up to 45%.

Based on the results of the thermodynamic analysis of air, simple and regenerative Brayton cycles in
a wide range of different varying parameters, we determined the cycle implementation conditions that pro-
vide high energy efficiency.

It was established that in the compressor, there is an optimal compression ratio at which the maxi-
mum cycle efficiency is achieved. Its value depends on the ratio of the turbine inlet temperature to the com-
pressor inlet temperature. Thus, if the ratio of these temperatures is 3.5, then the maximum 50% efficiency of
the actual cycle is observed with a compression ratio of 2.1. It should be noted that under the same condi-
tions, taking into account real losses in the cycle, the efficiency of the installation will decrease by 5% com-
pared to the ideal version without losses.

The analysis of the influence of the adiabatic efficiency of both the compressor and turbine on the ef-
ficiency of the installation showed that when the former vary in the range from 80 to 92%, the values of the
latter vary from 25 to 45%. Thus, the results obtained make it possible to establish rational operating parame-
ters of the installation at the initial design phase.
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BucokoedekTHBHA KOreHepaliiiHa eHepProycTaHoBKa 3 INIH00KOI0 peKynepanicio Ha OCHOBI
noBiTpsinoro uukiay bpaiitona

A. B. PycaHos, A. O. Koctikos, O. JI. lllyoenko, . X. Xapaammnini, B. O. Tapacosa, O. B. Ceneupkuii

[HcTUTYT IpOOIeM MammHOOYAyBaHHS iM. A. M. Ilinropaoro HAH VYkpainwu,
61046, Ykpaina, M. Xapkis, Byi1. [Toxxapcekoro, 2/10

Ha cvoeooni akmyanvhoio naykoeoro npobiemoro € po3pooKa 8UCOKOehEeKMUGHUX, eKOI0IYHO YUCMUX MaAHespe-
HUX KO2EHEPAaYiliHUX eHepeemuyHux YCMaHo80K Mal0i NOMYICHOCHI 3 HeBeTUKUMU MACO2AOAPUIMHUMU XAPAKMEPUCTUKA-
MU, WO BUKOPUCMOBYIOMb K NANUE0 NOHOBNIVEAHI pecypcu. TIomenyitinumu cnojicusa4amu emepeii, wo eupooIsaemocs, €
nionpuemcmesa y giooanenux 6io mennoenexkmpoyenmpanei (TEL]) i mennosux enexkmpocmanyii (TEC) nacenenux nyHk-
max, Kyou niosecmu menJio i eneKmpoMepesci 6i0 8eIUKUX eHepeood '€Kmié 8alNcKo, a MPAHCHOPMHI GUMPATU 3 OOCMAGKU
nanusa oyxce 6eaUKi. 3anpONOHOBAHO KOHYENYilo CMEOPEHHS BUCOKOEHEKMUBHOT KO2EHepayiliHOI eHepeoyCmMaHO8KU HA
6asi eazomypbinnux mexuonozii. IIpoeedeno mepmoouHamivHuLl aHali3 NOGIMPSIHO20, NPOCMO20 | MAKO20, WO GUKOPUC-
mogye pezenepayito, yuxiie bpaiimona, 3a pezyrbmamamius K020 8 WUPOKOMY OIANA30HI BAPIOBAHHS PEICUMHUX naApame-
mMpi6 GU3HAYEHI YMOBU peanizayii Yukiy, sKi 3a6e3neuyoms 6UCOKy eHepeemuuHy eghekmusHicmo. Ocobaugicms 3anpono-
HOBAHO20 CXEMHO20 PO38’SI3KY NOJALAE Y GUKOPUCIAHHI NOGIMPs AK pobo1020 mina 6 mypOini O OmMpuManHs KOPUCHOT
HOMYICHOCI. 3a MAKUX YMO8 MEeNnI0ma NOGImpsi, wo 6UX00Ums 3 mypoinu, BUKOPUCTIOBYEMbCS 8 NPOYeCi 20PiHHA 8 KOM-
i, Yemanoska, wo npononyemuscs, Movice 6UKOpucmosysamucs 3 6yob-sxum odiceperom menia. Ii ocnoeni nepesazu nopie-
HSAHO 3 MPAOUYITHUMU 2A30MYPOIHHUMU YCIMAHOBKAMU MAKI: eHepeemuyti nepeazit — YCMaHo8Ka Kamepu 320psaHHs meep-
O00NANUBHO20 KOMAA 3a NOGIMPSIHOIO MYPOIHOI D03B0IAE UKOPUCMOBYBAMU MENIO NOGIMPS, WO BUXOOUMb 3 NOBIMPAHOT
mypOiHy, | MUM CAMUM 3MEHWUMU SUMPAMY NAAUBA 8 KAMEPL 320PSIHHSL MA 8ION0GIOHO 30LIbIUUMU KOeQDIYIEHm KOPUCHOT
0ii; mexHonociuHi nepesacu — mypoiHa NPAYIoe Ha YUCMOMY NOGIMPI | 3aXuujeHa 6i0 YmEopeHHs 0cadie Ha NOBEPXHI 10Na-
mok abo ix epo3ii npu suKOpucmanHi «6pyoHo20» pobo1o2o mina, e nompedye 3aCmocyBants 308HIUIHIX CUCTIEM 0XOT0-
OdrcenHsi mypoOinu, Wo 3HAYHO CRPOWYE iT KOHCIMPYKYIIO; eKON0IUHI nepesazi — MONCIUGICHb pOOOmMU YCMAHOB8KU HA 243,
WO OMPUMYEMBCSL 8 Pe3YIbMami mepmiuHoi 0opobku meepoux nodymosux 6ioxodis. Kpim moeo, kamepa seopsmus komaa
npayroe npaKmu4Ho 3a ammochepHo20 MUCKY 3 MEHUUM BUKUOOM WKIOTUBUX PEUOBUH 8 amMOocdepy.

Knrouoei cnosa: npamuii yuxn bpaiimona, pecenepayis, nogimpsana mypoina, Ko2eHepayiiiHa enepeoyCmaHosKd.
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