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TADEUSZ J, CHMIELNIAK-

Low-power gas turbines

_§j_lesian [Jniversity of Technologl, Institute of Power Engineeting and Turbomachinery,
Konarskiego 18, 44-100 Gliwice, Po]and

Abstract
This paper overviews the development of small scale gas turbines. It analyses the possibilities
lf their potential evo}ution in the arrangements of gas turbines systems and defines the main
:asks and aims for the design of one-stage compressors and radial expanders. The analysis
:oncerns also characteristic features of combustors and regeneration heat exchangers, It finaily
:etermines trends, which are necessary for further improvement of small scale gas turbines.

Keywords: Microturbine; Low-power gas turbine cycles; Regeneration

§omenclature

ao - speed of sound, ca]culated at total temperature, ag: łkHro, mf s

cp - specific thermal capacity, kJ/kg K
h - enthalpy, kJ/kg
ł , isentrope index, overall heat-transfer coefficient,

I - specific work of the gas turbine, l : +, kJ lkg
m - mass flux, kg/s
lTLz - reduced mass flux, TfLa : y71 . ool(poA),
p - pressure, Pa
t temperature, "C
1])p - thermal capacity of the air in the regenerator, kW/K
ll)sp - thermal capacity of the combustion gas in the regenerator, kW/K
A - characteristic surface, m2

D characteristic diameter, m

D" - D/łA
*E-mail address: chmielniak@imiue.polsl.pl
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- Specific Speed

- number of heat transfer unit (Number of heat Transfer Unit - NTU)

- individual gas constant, degree of regeneration (recovery ratio)

- Reynolds number,

- temperature. K
ratio of the flux of fuel to the compressor downstream flux

- diameter index,

- compression ratio,
_ §o:Ę,rlg. l
- §B: Ę, nlg. r

(sp : Ę, nig. t
_ §o:Ę,rig. r
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- angular velocity

- reduced angular velocity, ,": rłAloo
- thermal efficiency of the regenerator

p,: Rl%
number of hydraulic losses

Subscripts
mar maximum vaiue

mźn * minimum value

,9 compressor

T - turbine
n - nominal
R - regenerator

P-air
Sp - combustion gas

Introduction
Experience gathered in the coulse of constructing gas turbines for cars and turbo-
loaders as well as small engines for aircraft models or aiding engines applied
in aircraft technology, and also in the range of micro-robots, accelerated the
development of small-scale gas turbines app}ied in power engineering. The term
"small scale" is not univocal. Generally, it comprises turbines with a powel lating
of less than 3 MW |1]. However, such a division has not been commonly accepted;
very often turbines with a powel rating up to 20 MW are classified within this
group.

Within the range from 0 to 3 MW micro-gas-turbines may be further divided
furTc). These are high-speed turbines (n : 30 . 103 - 106 rpm) with power
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:atings up to 100 kW (250 kW). We can also distinguish a mesoscopic scale
tlre characteristic lengths of the flow system do not exceed scores centimeters).

l,licro-gas-turbines belonging to this group are characterized by power ratings
:elow 1 kW and encountered rotational speeds are less than 5 . 105 rpm, The
:andbook [2] disinguishes between pTG - up to 200 kW and mini-gas-turbines
rrTG) 200-475 kW.

From among numerous predictions concerning the dissemination of pTG and

=TG it seems to be expedient to present data quoted in [2]. Table 1 contains
_nformation concerning the predicted number of installations put into service in
:re years 2003 - 2012; Table 2 provides data about starting such installations in
:he respective years,

Table 1. Number of instal]ations put into service in the years 2003-2012

No. Power rating Number of

installations

Share % Value of

sales, USD

Share of

sales %

Up to 100 kW 10150 87% 338 mln 40

2. 100-475 kW 2350 L9% 511 mln 60

The number of installations with a power rating of up to 100 kW is much
:igher than those with a power rating ranging from 100 to 475 kW, because
:here are more consumers within this range of power ratings, The tota] value of
sales in the range of this class of turbines amounts approximately to about B50
nillion USD. In the group of turbines with up to 100 kW installations with a
powel rating from the range 30 - 100 kW amounts to about 80 %.

Table 2. Number of produced turbines in the respective years

No. Power rating 2003 2004 2005 2006 2007 200B 2009 2010 207I 2072

1 Up io 100 kW 645 bbb 690 965 1225 12Ątr L330 1310 1050 945

2. 100_475 kW 105 90 150 21o 300 310 330 300 280 275

The data contained in Table 2 indicate that the maximum demand for the
considered installations has been predicted for the years 2008 - 2010. In the fol-
lowing two years the number of turbine units within this range of power rating wil1

drop. In distributed energy installations of combined heat and power generation
p.TG and mTG compete with piston gas engines. Their predicted dissemination
indicates that they are rather successful in this competition, particularly in the

47
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range of power rating exceeding 30 kW. They also constitute an elastic engine in
lrybrid systems with fuel cells (including those with a low power rating).

The prdsent paper deals with the characteristic technological and structurai
features of pTG and mTG.

2 General characteristics of the technological struc-
tures

The considered classes of turbines (gas turbine cycles) usually operate in an open
system with internal combustion, The competition with piston engines in the
construction of distributed source of the generation of heat and electricity, as
we1] as the difficulties related to cooling of the flow system require a general ap-
plication of regeneration. The fundamental, applied and considered technological
structures, are to be seen in Fig. 1.

Figure 1. Techrrological structures of smaIl-scaie gas turbines. a) system with interna] pressure
combustion, b) system with externa] atmospheric combustion; WC - heat exchangers,
KS combustionchamber, P-fuel, R regenerator, S-compressor, T turbine
(expander).

Figure 1a presents a system with internal combustion. It may be considered
both with regeneration and without a regenerator, Figure 1b il]ustrates a system
with external combustion, which can be extended to a smai]er or larger clegree.
The diagram shows two heat exchanger for the preheating of the air, such a
solution may be justified by materia] reasons. Both general structures can be
aPPlied in the combined co-production of heat and electricity. The combination
of these systems of internal and external combustion permits to obtain a new
sYstem, which might be expedient if two different kinds of fuel are available (e.g.
gas and biomass, trig. 2). Various possibilities of such combinations have been

a)



Low-power turbines

:_scussed in [3,4,5] . However, these aTe not the only suggestions. From among
,.-:_:,ious attempts of improving the efficiency the following ones may be taken into
,,::ount: humidification of the air (HAT systems), introduction of air (steam)
:_:o various nodes of installation |6+9], cooIing in the coulse of compression |B,

...
As an example of system with irrtercooling may serr.e the installation presented

:_Fig. 3 [11]. Inthecaseof of turbineswithalowpowerratingalsothecoolingof
-:- at the inlet the complessol may be applied [e,g. 12] or water may be injected
,:_ the course of compression [13, 14].

43

iigure 2. Double-fuel system (gas +
biomass). KSB - combustion
chamber of the biomass. sp
- drying and preparation of
the fuel, PP - preheater of air,
WTWC - high-temperature
heat exchanger.

Figure 3. System with internal combus-
tion and intercooling.

In the compression and expansion system pTG or mTG single-stage compres-
sor-s and expanders are applied. This must be taken into account when choosing
the compression ratio. Figure 4 provides the results of calculations concelning the
temperature ahead of the turbine (TIT) T : 1173 K (this temperature may be
considered to approach the maximum temperature, when the flow system of the
turbine is not being cooled down) and two different efficiencies nps : rlpr :0.B
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and 0.9. The first one of these two values may be considered as attainable in
near future (which depend on the construction of the block and the possibility
of compressing without any inflow of heat); the second one will be possible to be
attained later. The calculations presented in Figs, 4-6 were carried out without
taking into consideration the hydraulic losses and the losses in the combustion
chamber, reflecting some potential values of the efficiency of these systems and
their urrit po\Mer ratingsl,

43
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Figure 4. a) Change of a simple gas turbine cycle specific power wit}r the compression ratio (eS);
b) Change of the efficiency of a simple gas turbine scheme with the compression ratio,
eta: nT c.

The evident influence of the efficiency of compression and the expansion on the
oPtimal compression ratios ploves not only their importance for the effectivity of
the system, but also for the technoiogical structure of the installation, Wiihin the
range of the considered changes ą5,7 the compression ratio aiming at maximum
r-alues of the specific power varies in the case of a simple gas turbine installation
betrveen 6 (ns,r: 0.B) and i 9.5 (ns,r :0.9). The application of regeneration
does not affect any change of these va]ues.

The maximum efficiencies are attained in the case of a simple system by e5
anrounting to 10 and 25, respectively. Regeneration reduces the optimal com-
Plession ratios considerab]y. Figure 6 indicated that at high recovery ratios they
anount to 3 4. In the case of lower recovery ratios higher compression ratios
]llljst be applied in order to reach maximum efficiencies. In modern designs of
lTG and mTG, and also in parametric analyses the compression ratios are con-
iailled rvithin the range of 2 - 6, i.e. they correspond to the maximum effi.ciency
achier-ed at high values of the recovery ratio. The efficiencies attained for these
conlPression ratios at R : 0.9 are potentially possible considering the present

b)

Tre calculations presented in Figs. 4, 5 and 6 were carried out by S. Lepszy, MSc
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_;i3rre 6, Change of the efficiency of the gas turbine cycle with legeneration with the compres-
sion ratio, eta: rlps,r.

:rate of technology, The recovery ratio may be defined as follows (Fig. 1a):

T"^ - T"l)-'"- Ta-T2'

Table 3. provides data concerning some of the ploduced installations (taken over
:om catalogues),

3 Problems concerning the design and flow

3.1 Design of the rotors of compressors and turbines. General
problemS

_łs has already been stated, compTessors and expanders in pTG and mTG are
constructed as single-stage installations. In order to attain adequate compression
ratios and degree of expansion, these must be radial or diagonal stages, Assuming



46 T, J. Chmie]niak

Table 3. Selected types of sma]l-scale gas turbines

classical definitions of the specific speed K, and diameter index ó, [15], we have:

TYP C30 C60 T100 RGT-3600 TGB0
prodttcer Capstone Capstone T\rrbec

AB
Teledyne Bowrnan

Power rating |kW 30 60 100 150 B0

trfficiency [%]
without
regeneration

I4 14

with regener-
ation

26 28 30 2B zr)

Total efficiency
without
regeneration

with regener-
ation

70 78.4 B.0 75

Temperature ["C]
after regener-
ation

275 305 27o ,n ,Ą 260

behind the
turbine

x520 650 650

Compression ratio 4.5
Maximum temperature be-
hind the combustion charn-
ber

950

Angular velocity, thou-
sands per minute

96 96 70 36 6B

NOx (ppm, 15 % Oz) .q <9 <15 <25
Noise (dBA) 65 (10

m)
70 (10
m)

70 (1 m) 77 (1m)

Mass flux [kg/sec 0,31 0.49 0.8
Bearings alr alr oil oi] oi]

Number of shafts 1 1 2 1

(1)
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- :_ere:

angular veiocity,
"] mass flux,

_, l characteristic total densities (in the case of a conpressor it is as-
sumed to be the density in the inlet cross-section, in the case of a
turbine the density in the cross-section of the outlet),

) characteristic diameter (external diameter of the rotor disks, in-
dependent of the direction of the fluid flow),

fh, isentropic change of the tota1 enthalpy,

':- 
i express it by means of the foliowing relations (the index ,S denotes the com-

i i"::sor, the index 7 the turbine) :

47

(*),:

(*) ,:(T) #=

w)
(2)

(3)1,1r

7 - (e1o)-ur

2) and (3) the denotations

,łA
'r: oO ) mz:

rn, a0 Dn
\/ApoA

D
_i1

::r-e been substituted, where
_{ characteristic cross-section,

.:,.: ^,/kffi, Tg total temperature (in the case of the compressor in the
cross-section of the inlet, in the case of the turbine in the
cross-section of the outlet),
izentropy index,

individua] gas constant,

compression ratio of the compressor,

number of hydraulic losses,

avelage specific thermal capacity irr the course of com-
pression and expansion.

The relation (2) is illustrated in Figs. 7 and B. The former one presents
::e minimum ratio knl6n, corresponding to the assumed limit peripheral speed
, : 500 m/sec. Calculations have been carried out for different compression
:atios and three va]ues of the mass flux and the rotational speed n. An increase
.: the compression ratio reduces the value of K"l6n and also decreases with the
,iecreasing number of revo]utions. For the radial stage K," ought to be contained

_:Rfcp,cv
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m=1 kg.s-1 0.75 kg.sn 0.5 kg.sł

Figure 7, Change or (#,,)_," with es and rn and n

within the range 0.B+ 1.0 |16]. Thus, the diagram permits to assess the maxi
value of the diameter index. Similar information results from Fig. B, In t
case it indicates the possibie value of one from among three reduced quanti
mz) u)z) D", the two other data remaining unchanged. E.g. if e5 : Ą

n : 75. 103 l/min, the value of W will change within the range 0.32 + 0.
while 0.5 ś m ś 1 kg/sec is being changed.

From the conditions

lxn\ 2

[* ,l-," 
''

0.5
0.3
o.2

0,1

0.05
0,03
0,02

0.01

we obtain the relations

TfL7:ms(lł0), LoS:wT

( rr-"\ /r...,,m,\

\-D, ),: |ź: ) _(1+ 
p) 

,

/1{, \ _ l,r |l + §) (eŹ" - I) ( K,\
\Ę/T - l,s (1 - (ssó)-*1 \Ęi,

Basing on (5) we may conc]ude that (*), is always larger tn." (#),
assume that Kr7 ź KnS, then órr7 ( ór,S

The application of these relations is limited to adiabatic processes of
pression and expansion. In design they may serve as the starting point for d
mination of the re]ations existing between the geometry and the parameters
operation of construction optimization.
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m,Ę
D,

0'4 0'6 
16l '
Ion/-,"

Figure 8. Change ot a# with e5 u"d (*)*,"

In actual constructions we encounter restrictions, due to differences of the
Łeynolds numbers and to non-adiabatic processes of compression. If we assume
hat the dimensionless quantity aff remains at the given compression ratio
mchanged in small-scale and large-scale complessors, then (the index n concerns
lata for conventionaI turbomachinery)

Re F"
R"" - |a

lhe non-adiabatic flow is caused by the much higher ratio of the moistened
urface to the mass flux in the case of pTG i mTG.

The results are:

o increased losses of mechanical energy,

o difficulties in attaining a high efficiency of compression,

o higher losses at the out]et.

,{oreover, due to small dimensions, Euler's equation is not satisfied (the influence
,f the annular boundary layer). This problem, as well as the effect of the non-
diabatic flow have been dealt with in [17].

/

7

1

- 
l

-----,--T
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3.2 Aerodynamic optimization

The optimization of the design of compressor and turbine disks has been dea11

with recently in numerous publications devoted to pTG and mTG (for instanct

[18-27]). In formu]ations of the problem of optimization nearly always the as-

sumption is applied concerning the adiabatic flow and various stages of designing
Usually the starting point is the determination of the coefficient of efficiency anc
compression ratio (specific work) presented in Cordier'a diagram, as well as tht
determination of the preliminary geometry.

In further stages numerical 2- and 3-dimensional codes are applied for the so.

lution of inverse problems and analyses, aiming at a maximization of the efficienc1
of the stage at assumed stress restrictions.

The authors of [10] and [20] suggest a method of designing single highĘ
loaded stages of compressors and turbines, combining classical methods of solvinp
inverse problems concerning an assumed level of loading the blading for a non.
compressible flow with three-dimensional methods of solving analysed problems
Every geometrical correction is checked by determining the effi,ciency, stresses
displacements and dynamic state. In design also algorithms may be appliec
which are used to solve problems of designing any kind of fluid-flow machinet
lrr_r21

The application of advanced procedures of aerodynamic optimization per.

mits to attain for the adiabatic flow efficiencies of about 90 To, concerning bot}
compressing and expanding flow chanels.

In investigations the peripheral speed is restricted to 500-550 m/s, numbel
Ma., amounting to 1.1-1.3,

3.3 Construction and calculations of combustion chambers

One of the most important problems concerning the construction of pTG anc
mTG ist the problem of combustion chambers permitting the combustion of fue
with some given composition or various kinds of fuels, without changing the crite.
ria of reliability and disposability, Different requirements concerning those fuelr
render it difficu]t to reach a universai design of combustion chambers. In man1
cases this leads to individual designing of combustion chambers. The appliec
technological structures of pTG and mTG units (application of regeneration anc
Iow compression ratios) cause that in such systems the combustion chambers op-

erate under different conditions from those existing in conventional large-scale
systems.

In the case of the applied compression ratios regeneration leads to rather higt
temperatures ahead of the combustion chamber, which is of essential importanct
in the combustion process. It must also be taken into account that for the tem-
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feratule ahead of the turbine the excess air factor exceeds considerab]y the values
vhich are characteristic for conventional stationary turbines. This may affect the
:eactivity of the fuel-air mixture, the stabi]ity of the flame as well as the tem-
:erature distribution in the cross-section of the outlet etc. These problems may
ntensify when low-calorific fueis are combusted and when the ]oad varies.

Much attention has been devoted in literature to the design and calculations
rf combustion chambers for small-scale turbines [28-33].

A similar strategy of combustion is dealt with here as in the case of large-scale
:nstaliations. Anaiyses concern diffusive, lean premix combustion, combustion in
lhe RQL system (Rich-burn, Quick-quench, Lean-burn system) as wel] as cat-
rll-tic combustion. The combustion chambers may be ring-shaped or annular.

The authors of [33] carried out comparative calculations of diffusive combus-
:ion in a ring-shaped chamber and a annular chamber with lean premix, and
ilso in the RQL system. The calculations concerned natural gas and fuel, which
s characteristic for the gasification of biomass, taking into account the varying
oads. The obtained results indicate good combustion characteristics with lean
:remix technology, particularly the possibility of controlling the NO" emission.
Jn the other hand, howevet, an increased emission of CO is to be observed, as
n-el] as an unfavourable temperature profile in the cross-section of the outlet.

As far as diffusive combustion in a ring-shaped chamber is concerned, łow CO
lmissions could be attained in spite of worse characteristics of the generation of
§o". The worst results occurred when RQL combustion was realized applying
,he adapted geometry of the combustion chamber, which does not mean that this
n-ay of combustion was ineffective, although attempts of its optimization ought
,o be made.

Numerical solutions of flows equations with combustion are an important
,oulce of information about physicochemical processes taking piace in the com-
lustion chambers. Of much interest are the aerodynamics of combustion cham-
lers, the formation of mixtures (in the case of liquid fuels also processes of the
rtomization and evaporation of the fuel), the initiation and stabiiity of the flame,
rhenomena occurring in the flame and on its periphery, including the emission
lf NOr, CO and not oxidized hydrocarbons. Proposed models ate constantty de_
:eloped, At present, besides the application of commercial codes, more complex
>rocedures are used, basing, for instance, on "flamelet" conceptions, associated
vith the LES methods, however, difficult to determine, which of the applied pro-
:edures of calculations ale most adequate for different techniques of combustion.

1.4 Regeneration exchangers

Łegeneration increases the thermodynamic competiveness of small gas turbines.
lhe compression ratio can be reduced and the application of single-stage com-

51
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pressors and expanders is possible. The costs of a regenelatol usually amount to
25-35 % of the whole gas turbine unit. For this reason investigations shouid tend
towards the development of such a construction, which would not only warrant a

high degree of regeneration, but also be characterized by }ow costs. This problenr

has been dealt wit}i in literature in |34-39]. Complex constrrrctions are being
iooked for, ensuring low hvdraulic losses and high durability. Various construc-
tions are nowadays applied, inciuding c}assical stationary plate and ring-shaped
solutions. Besides that also rotary regenerators are appiied |3B]. The final ver-

sion of the design of the gas turbines set depencls on the structural shape of the

regenerator and its mutual configuration with the other modules of the turbine

[40]. The costs of its production depend on R, the maximum temperature o1

preheating (influencing the kind of required material) and the complexity of the

construction and assumed pressule losses. The authors of |37] suggest that the

costs of constructing the regenerator considered by them would aniount to about
100 USD/kW, if R : 0.9 and the temperature ahead of the turbine ls : 900oC
(e, being equal to 4). If će : BOOoC, the other data remaining unchanged, the
production would cost about 125 USD/kW.

These differences are due to differences in temperature, at which the regen-

erator must operate, Figs. 9-12 iliustrate the va]ues of temperature behind the

the air exchanger, corresponding to different compression ratios.
The temperature behind the regenerator is calcrrlated by means of the reia-

tion (the denotation T6 in Fig. 1a means the reference temperature)
T'o 

- śfi : §Ossps (1 - nĘn) + rlĘnqr (e1o)*ul' (6)
rT1
l(J

where:
T. u"^so: |}, n: ff,u)"p,up mean thermal capacities in the regenerator on

the side of combustion gases and on the side of
air, respectively;

- thermal efficiency of the regenerator,

For a counter-flow exchanger we get

ć- -
1 - exp (-a)

1 - 1 exp(*a)

where:
a:.l/(l-ry) , 1: #3i; N: ;ffi, ulmin: min{ulp,urp},k - overall heat

transfer coefficient; A - heat exchange surface.

The thermal efficiency {6 is connected with the degree of regeneration by the

reIation

€.: !R
q

s, : ft,Ę,

(/]

r8,
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Figure 9, Characteristics of the gas tur-
bine unit with rt : 0,5, źs :
900"C. The values of (6 :
Tz"/To, To : 2732"C. The va]-
ues of (6 are marked in the dia-
gram.
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Figure 10. Characteristics of the gas tur-
bine unit with R : 0.8, ćs :
900"C. The values of (6 have
been marked in the diagram.
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Figure 12, Characteristics of the gas tur-
bine unit with R : 0.9, źs :
900"C. The values of (6 have
been marked in the diagram.
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Figure 1l, Characteristics of the ga,s tur-
bine unit with .R : 0.B, źs :
1100"C. The vajues of (6 have
been marked in the diagram.
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Calculation of ą for a semi-ideal gas mode1 and in characteristic states of regen-
eration indicate that w, ź wsp, t.e. 1 : 1. Then (6 = R and, in compliance
with (7)

^/€n:
^/+1If€Ę : 0.5, we can observe a slight change ofternperature behind the regenerator

when the compression ration is changed. An increase of the thermal efficiency
{13 results in a differentiation of the value (6 with a change of e5. When (4 ł
R : 0.B, the value of (p corresponding to the maximum value of the efficiency
is higher than in the case of the maximum work per unit. This theorem is a]so

true for the temperature ahead of the turbine Ts : 1373,2 K (Fig. 12). At such
temperature, corresponcling to the maximum efficiency, the temperature behind
the regenerator amounts to (6 : 3,1B. The increase of {a at the same temperature
shifts the optima1 compression ratio towards smaller values) resulting in a rise of
temperature of the flue gasses 1eaving the turbine, and thus also a growth of
the value (6. The production costs of the regenerator will then depend on the
temperature of the combustion gases at the outlet of the turbine (the kind of the
applied material), its surface (the values of A) and the applied technology. If the
compression ratio warrants an optirnal efficiency, the increase of {6 at a constant
value of (r wi1l also increase the costs of constructing the regenerator due to the
enlarged surface of heat exchange and the reduced value of e5, which leads to a

rise of temperature of the flue gases leaving the turbine. A rise of temperature
behind the combustion chamber, the value of { remaining unchanged, results in
an increase of the optimal compression ratio and a change of the temperature of
the flue gases. The dependence of (n or, (7 can be seen in Figs. 13 and 14.

The presented data permit to assess the influence of the operating character-
istics of regeneration of a small-scale turbine on the change of the (production)
costs of a regeneration exchanger. In the case of small-scale turbines of nruch
importance is the attainable compression ratio as wejl as the assumed value of
€a. It ought to be mentioned that a change of {p towards higher values brings
about an essentia] increase of N. Basing on (9)

dlv l dĘn

,^/ 
:1-€, 

€"

And thus, in the case of a change of about €no : 0.B

(9)

( 10)

dN .dĘa
.^/ - 

€n

dly' :lnd€n
l/ ^" 

{n

and about {no : 0.9
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Figure 13. Change of tempelature behind
the regenerator (snl) and the
combustion gases behind the
turbine q"o1 - (broken line)
with the va]ue of (r (T0
has been assumed as equal to
273,2") and the value of {6.
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Figure 14. Charrge of temperature behind
the regenerator ((nz * full line)
and the combustion gases be-
hind the turbine ((spz - bro-
ken line) with (r and {n. Caj-
culations have been carried out
for a compression ratio corre-
sponding to the maximum vrork
per unit.
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Final remarks

Several selected thermal and design problems concelning pTG and mTG have
-Jeen dealt with in this paper. Problems concerning the applied materials, bear_
.lgSJ dynamics, high-frequency genelators, as well as control and regulation have
:ot been discussed.

These are interesting and essential issues and important constructional mod_
,^les of smal]-scale turbo-generator set) requiring - similarly as the other modules
- further investigations and improvements.

Differences between pTG and mTG on the one hand and larger heavy duty
:urbines have been indicated in this paper, and also the perspective of more
:omprehensive possibilities of the application of such turbines.

Particularly the choice of the number of revolutions and the relation between
he high-speed coefficients of the compressor and the turbine have been dealt
;,'ith. An analysis of the operation of a regenerator in a smal]-scale turbine has
ihown that there are two main factors affecting the costs of these heat exchang-
]rS, The first one concerns the compression ratio, the other one the efficiency
lffectiveness of the regenerator, The choice of the compression ratio correspond-
ng to the maximum efficiency results in higher temperatures of both media in
he regenerator. Practically the choice of the compression ratio is determined by

z-rar7r..
. '. l,,,u,

-zal ł" ' ,łz-
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the possibilities of the single-stage compressor. The respective data concerning
the influence of various parameters on the operation of the regenerator can be
gathered from Figs. 9-14.

The application of small-scale turbines in distributed technologies of generat-

ing electricity and heat prove the necessity of considering the characteristics of
regenerators also from the point of view of producing heat, In suc}r a case we

must take into account their operation at smaller values of R or the operation
with an alternating vaiue of -R, depending on the demand for heat.

Received 10 August 2005
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