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Introduction. Bladed rotary machines have been extensively utilized across various industries for over a century, 
particularly in axial turbines and turboexpanders, including steam and gas power turbines as well as aircraft gas 
turbine engines.

Problem Statement. Advances in modern design methodologies and manufacturing technologies have ena b-
led the development of axial turbines with signifi cantly high gas-dynamic effi  ciency. This effi  ciency is primarily 
determined by irreversible kinetic energy losses in real fl ow processes compared to ideal, isentropic processes. In 
contemporary turbine designs, kinetic energy losses under nominal operating conditions have frequently been 
reduced to below 10%. However, it remains critical to establish the absolute minimum kinetic energy losses achie-
vable in axial turbines under specifi c operating conditions.

Purpose. This study investigates the eff ects of operational and geometric parameters — including the eff ective 
stator angle, Reynolds number, and dimensionless conditional rate of thermal drop — on the effi  ciency of profi le 
cascades in axial turbine stages of both active and reactive types.

Materials and Methods. State-of-the-art numerical modeling techniques for turbomachinery fl ow path de-
sign and calculation, implemented through the IPMFlow software package, have been employed in this study.

Results. The research has identifi ed new correlations and mechanisms for enhancing the gas-dynamic effi  -
ciency of axial turbine profi le cascades. For each examined operating condition and geometric confi guration, 
profi le cascades have been designed based on the principle of “rational” aerodynamic optimization, yielding effi  -
ciency values close to their theoretical maximum. Findings indicate that for Reynolds numbers exceeding 5 × 10⁶, 
kinetic energy losses in profi le cascades can be reduced to below 2%.

Conclusions. The study has provided new insights and design principles that can be applied to the develop-
ment and modernization of axial turbines, contributing to further improvements in their overall effi  ciency.

Keywords: design methods, gas-dynamic effi  ciency, turbine fl ow part, active type stage, reactive type stage.
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Bladed rotary machines have existed and been 
actively utilized across various industries for over 
a century [1—7]. A significant portion of their app-
lications has been concentrated in axial-type tur-
bines and turboexpanders, including steam turbi-
nes [5], gas power turbines [6], aviation gas turbine 
engines (GTEs) [7, 8], transportation GTEs, and 
other systems [9]. Due to accumulated experien-
ce and continuous research, effective methods 
and approaches for designing axial turbines have 
been developed [10—15]. Based on these approa-
ches, axial turbines of various types have been 
continuously designed, manufactured, and imp-
lemented [16, 17]. Leading companies in this field, 
such as General Electric, Siemens, Pratt & Whitney, 
Mitsubishi, Rolls-Royce, Ukrenergomash (Turboa-
tom), and Ivchenko-Progress, have achieved signi-
ficant success.

The design of a turbine is a complex multipara-
metric problem requiring consideration of nume-
rous factors, including efficiency, lifespan, cost, 
mass and dimensional characteristics, and others 
[17]. One of the key aspects that receives signifi-
cant attention in turbine design is gas-dynamic 
efficiency [18]. Ultimately, the gas-dynamic effi-
ciency of turbines is determined by the irrever-
sible losses of kinetic energy in the actual flow 
process compared to the ideal, usually isentropic, 
process [19].

Modern design methodologies and manufactu-
ring technologies have enabled the creation of axial 
turbines with sufficiently high gas-dynamic effi-
ciency [20—23]. It has become almost standard 
for new turbines to exhibit kinetic energy losses of 
less than 10% under nominal operating conditi-
ons, and in some cases, significantly lower [24—28]. 
Despite this progress, the pursuit of further gas-
dy namic improvements in axial turbines has remai-
ned highly relevant and continues to be an ac tive 
area of research [29—33]. This raises the cri tical 
question about the realistically achievable mini-
mum kinetic energy loss in an axial turbine under 
given operating conditions.

Kinetic energy losses can be categorized as pro-
file losses, trailing edge losses, tip leakage losses, 

secondary flow losses, wave losses, unsteady flow 
losses, separation and vortex losses, among others 
[25]. This classification remains somewhat condi-
tional, as different types of losses are often inter-
related, complicating the analysis of individual 
contributing factors [29]. This study presents re-
search findings aimed at identifying the correla-
tions between various influencing factors and los-
ses, as well as estimating the practically attainable 
minimum kinetic energy loss in an axial turbine 
stage, without accounting for the spatial struc-
ture of the flow. The research has been conducted 
using advanced numerical methods for gas-dy-
namic calculations and turbine flow path design. 
To artificially eliminate the impact of three-di-
mensional flow effects, the study has considered 
simplified two-dimensional turbine stage geome-
tries, replacing blades with profile cascades. To re-
fine the research scope, turbine stages have been 
designed in accordance with long-standing global 
expertise and established turbomachinery design 
recommendations, including the experience of the 
authors [34—41].

The numerical investigation of three-dimen-
sio nal steam flow and the design of the flow path 
of a steam turbine have been conducted using the 
IPMFlow software package, which has been 
deve loped as an extension of the FlowER and 
FlowER-U programs [37]. The mathematical mo-
del implemented in this package is based on the nu-
merical integration of Reynolds-averaged unstea dy 
Navier-Stokes equations using an implicit, quasi-
monotonic ENO scheme of enhanced accuracy 
and the two-parameter differential SST turbulen-
ce model by Menter [39]. To account for the real 
thermodynamic properties of the working fluid, an 
interpolation-analytical method has been app lied 
for approximating complex equations of sta te, 
 using the IAPWS-95 formulation and mo dified 
Benedict-Webb-Rubin equations [34, 38]. Com-
putational results obtained using the IPMFlow 
software package have demonstrated the neces-
sary reliability in both the qualitative flow struc-
ture and the quantitative assessment of characte-
ristics for isolated turbine cascades and the flow 
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paths of turbomachinery as a whole [36]. To ac-
celerate computation time, an original parallel 
computing technology has been integrated into 
the IPMFlow package [41].

The spatial configuration of the blade row in 
an axial flow path has been developed using the 
analytical profiling method [37, 40, 41], in which 
the blade shape is defined by an arbitrary set of 
planar profiles described by fourth- and fifth- 
order curves. A limited set of parameterized v alu-
es has been used as input data, most of which are 
widely accepted in turbine engineering, inclu-
ding profile width, number of blades, inlet flow 
angle, and effective outlet angle from the cascade. 
This method enables the rapid generation of 
complete spatial configurations for a wide range 
of axial turbine flow paths, making it a highly ef-
fective and conve nient tool for solving gas-dy-
namic design and optimization problems in tur-
bomachinery.

The study has focused on two of the most com-
mon axial turbine stage configurations — active 
and reactive types. These stages have been mode-
led using planar profile cascades to eliminate the 
influence of spatial effects on gas-dynamic cha-
rac teristics, such as tip leakage losses, secondary 
flows, and blade row divergence. The dimension-
less parameter u/c0t (where u is the circumferen-
tial velocity of the rotor cascade, and c0t is the 
con ditional velocity of thermal drop across the 
stage) has been maintained at values of 0.5 and 
0.7. The reactivity coefficient has been set to ran-
ge within 0.1—0.2, for the active stages, and wi-
thin 0.5—0.6, for the reactive stages, while ensu-
ring that the exit flow direction remains close to 
axial. The study has examined the impact of the 
effective stator angle 1ef (in absolute motion) and 
the dimensionless parameters Reex (Reynolds num-
ber at the stage outlet) and 0t (dimensionless 
con ditional velocity of thermal drop across the 
stage) on the gas-dynamic characteristics of the 
turbine stages. To this end, the following consi-
derations on the variables have been made:
 1ef is equal to 71, 74, 77 and 80 (measured 

from the axial direction);

 the circumferential velocity of the rotor casca-
de u, with five values taken for both active and 
reactive stages;

 Three options of P*
in (the total pressure of the 

stagnated flow at the stage inlet);
 Three options of bx (the axial width of the rotor 

cascade).
The total temperature of the stagnated flow at 

the inlet, T0
* has been kept constant, while the 

static pressure at the outlet has been set to ensure 
the required u/c0t. Using formulas (1)—(3), the 
values of the parameters under investigation have 
been computed to analyze their impact on stage 
characteristics.
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where h*
in is the enthalpy of the stagnated flow at 

the stage inlet, hiz ex is the isentropic enthalpy at 
the stage outlet, a0t is the velocity based on the 
stage inlet parameters,  is the adiabatic index for 
an isentropic process, R is the gas constant,  is 
the density, μ is the dynamic viscosity, and C is 
the absolute flow velocity.

For each computational point, a new stage de-
sign for the profile cascades has been developed. 
The stages have been created following the prin-
ciple of “rational” design using proprietary me-
thods described earlier. Gas-dynamic calculations 
have been performed on a structured grid with 
approximately 15,000 cells. The dimensionless pa-
rameter y+ near solid surfaces has not excee -
ded 5. To simplify the study, the authors have 
used the thermal equation of state for an ideal gas 
P = RT [42, 43], with superheated steam as the 
working media characterized by the constants 
R = 387 J/(kg · К) and  = 1.3. The shape of the 
profile stage flow part, which under specific con-
ditions exhibits gas-dynamic efficiency close to 
optimal, has been selected based on the principle 
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of “rational” design. This approach does not rely 
on classical optimization methods [3, 5, 14] but is 
instead grounded in expert experience and varia-
tional calculations. Stage calculations have been 
conducted in a quasi-stationary formulation [44], 
where gas-dynamic parameters at the interface 
boundaries of the stator and rotor computational 
domains have been circumferentially averaged 
and subsequently applied as boundary conditions 
for the adjacent cascade.

Figures 1—2 provide an example visualization 
of static pressure isolines for four computational 

points of profile cascade stages at u/c0t equal to 
0.7 and 0.5 (reactive and active stages, respecti-
vely) and 1ef, of 71 and 80.

The presented static pressure distribution iso-
lines are characteristic of reactive and active-
type stages. In reactive stages, the flow exhibits 
a converging pattern in both the stator and ro-
tor (Fig. 1, a, Fig. 2, a). Under these conditions, 
the flow accelerates while the static pressure de-
crea ses. In active-type stages (Fig. 1, b, Fig. 2, b), 
the flow remains converging only within the sta-
tor grid. In the rotor grid, the flow undergoes 

Fig. 1. Static pressure isolines at 1ef = 71: a — reactive profile stage; b — active profile stage
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minimal acceleration, and the reduction in sta-
tic pressure is significantly smaller compared to 
the stator. Generally, under identical conditi-
ons, reac tive profile stages have exhibited gre-
ater aerodynamic efficiency than active ones 
[7, 13].

Figure 3 shows the dependences kinetic energy 
losses st in the stages on c0t at various 1ef and 
u/c0t. All the presented results have been calcu-
lated at identical values of P*

in. The kinetic energy 

los ses in the stage are determined by the follo-
wing formula:

    
* 100%,ex iz ex

st
iz exin

h h

h h



 


                  (4)

 
where hex is the enthalpy at the stage outlet.

The presented results have indicated that for 
all configurations of active and reactive stages 
and values of 1ef, the dependence patterns of ki-
netic energy losses st are similar. Within the con-

Fig. 2. Static pressure isolines at 1ef = 80: a — reactive profile stage; b — active profile stage
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sidered ranges, these dependencies exhibit nearly 
smooth curves with a single minimum. For the de-
pendencies on c0t (Fig. 3), at identical 1ef, the ki-

netic energy losses in the reactive sta ges are lower 
across almost the entire range as compared with 
the active stages. Additio nally, for all stages, as 1ef 
decreases, so do the ki netic energy losses. Among 
all the analyzed con figurations, the lo west losses 
have been achie ved for the reactive stage with the 
smallest 1ef = 71.

As previously mentioned, under equal condi-
tions, the higher efficiency of reactive stages has 
been well-documented [7, 13, 20] and is explained 
by a more uniform load distribution between the 
stator and the rotor, resulting in a convergent flow 
character in both components.

The reduction in the kinetic energy losses with 
decreasing 1ef, in the authors’ opinion, is attri bu-
ted to two primary reasons. First, as 1ef decreases, 
so does the angle 2ef (the effective rotor angle in 
relative motion) in absolute value. This is clearly 
visible when comparing the rotor grid shapes bet-
ween the configurations in Figs. 1, a and 2, a (reac-
tive stages) and Fig. 1, b and 2, b (active stages). 
Thus, as the angles 1ef and 2ef decrease, and so 
do the flow turning angles, which reduces shear 
between the flow layers and, consequently, lowers 
kinetic energy losses.

Fig. 3. Kinetic energy losses in a stage as a function of c0t

Fig. 4. Triangles of velocities
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The second reason is related to the fact that, 
under other equal conditions, as the angles 1ef 
and 2ef decrease, the mean flow velocity in abso-
lute motion within the stator C and in the mo-
ving coordinate system within the rotor W inc re-
a ses. This can be explained by the need to ma in tain 
approximately equal circumferential velocities in 
absolute motion within the stator Cu1 and in the 
moving coordinate system within the rotor Wu2, 
regardless of 1ef and 2ef, to ensure the same ther-
mal drop across the stage (the same c0t values). The 
analysis of the velocity triangles (Fig. 4) has 
shown that at the constant circumferential velo ci-
ties Cu1 and Wu2, the total velocities C and W in-
crease as 1ef and 2ef decrease, and vice versa. As C 
and W grow, the Reynolds numbers increase, which 
leads to a reduction in the thickness of the boun-
dary layers and in the kinetic energy dissipation.

Figure 3 also demonstrates that in the initial 
part of all dependencies, an increase in c0t leads to 
a decrease in kinetic energy losses. However, after 
reaching a minimum, the losses begin to increase. 
Notably, the position of this minimum remains 
approximately the same across all considered ca-
ses with respect to c0t.

The reduction in kinetic energy losses with in-
creasing c0t can be attributed to the corresponding 
increase in flow velocities within the rotor and 
stator cascades. As previously mentioned, this re-
sults in higher Reynolds numbers, which cont-
ribute to a reduction in the boundary layer thick-
ness and, consequently, to a lower energy dis-
sipation.

The minimum in the kinetic energy losses at a 
certain value of c0t, followed by an increase in st, 
as c0t continues to grow, can be explained by ana-
lyzing the dependencies presented in Fig. 5. In 
this case, instead of examining the dependence on 
c0t, the relationship is expressed in terms of the 
parameter 0t. As evident from Figs 3 and 5, the 
trends in both dependencies appear identical.

The minimum values of kinetic energy losses 
approximately coincide with 0t = 1. This indica-
tes that at 0t ≥ 1, the flow reaches supersonic 
velocities, which leads to the emergence of so-
called “wave” losses [29, 42, 43]. This contributes 
to an overall increase in the kinetic energy losses. 
As 0t continues to increase, the wave losses beco-
me even more pronounced, further intensifying 
the kinetic energy losses in the flow.

Fig. 5. Kinetic energy losses in stage as function of 0t
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As previously mentioned, within the analy-
zed ranges, for the reactive stage, the global mini-
mum of kinetic energy losses has been achieved at 
u/c0t = 0,7, 1ef = 71, 0t ≈ 1. Furthermore, having 
analyzed Fig. 3, we suggest that the thermal drop 
assigned to the stage (determined by c0t) can be 
most efficiently utilized by the reactive stage (at 
u/c0t = 0,7) To maintain u/c0t = 0,7 at a given c0t, it 
is necessary to ensure an appropriate rotor grid ve-
locity u. However, it should be noted that achieving 
the required (high) values of u is often constrai ned 
due to various factors. Figure 6, similar to Figs. 3 
and 5, presents the dependencies of kinetic energy 
losses st in the stages on u for various 1ef and u/c0t.

The presented results indicate that there is a 
ve locity range for u (at lower values) in which ac-
tive stages have proven to be more efficient. Fur-
thermore, active stages allow for a greater ther-
mal drop to be utilized at fixed values of u com-
pared to reactive stages. This enables the design 
of multistage turbines with a reduced number of 
stages, which is advantageous in terms of mass, 
dimensional, and cost characteristics.

As previously mentioned, Reynolds numbers inf-
luence kinetic energy losses. Figure 7 illust rates 

the dependencies of kinetic energy losses on Rey-
nolds numbers, based on the flow parameters at 
the stage outlet (Reex).

The dependencies for active and reactive sta ges 
with 1ef = 71, which has demonstrated the hig-
hest efficiency, have been presented. To investiga te 
a broader range of Reynolds number variations, in 
addition to the baseline total inlet pressure P*

in (P2), 
two additional pressure levels, P1 and P3, have 
been considered. Similarly, besides the baseline 
characteristic width of the rotor cascade bx2, two 
additional sizes, bx1 and bx3, have been analyzed. 
The relationships between these variations are as 
follows: bx1 < bx2 < bx3 and P1 < P2 < P3.

The presented results clearly indicate that for-
similar configurations with identical values of 1ef, 
u/c0t and c0t , kinetic energy losses decrease as the 
Reynolds number Reex increases. Additionally, 
Fig. 7 shows two curves that pass through the mi-
nimum points of kinetic energy losses for reactive 
and active stages, respectively. It can be sta ted 
with high confidence that these curves coincide 
with the isolines of 0t = 1. Similarly, other iso-
lines corresponding to different values of 0t can 
be identified.

Fig. 6. Kinetic energy losses in the stage as function of u
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Theoretically, the minimum kinetic energy los-
ses should approach zero. However, achieving such 
a result in practice is impossible. Given that the 
profile stages for each considered operating point 
have been designed based on the “rational” de-
sign principle described earlier, the isolines of the 
curves at 0t = 1 represent the minimum achie-
vable kinetic energy losses for the corresponding 
Reynolds numbers of reactive and active stages. 
The authors believe that these results have been 
obtained for the first time globally.

Similar to the isolines of 0t = 1, it is possible to 
construct isolines for other values of 0t та 1ef in 
the context of kinetic energy loss dependencies. 
The diagrams obtained in this manner could ser ve 
as a comprehensive data set for designing profile 
cascade stages across a broad range of operating 
parameters for real flow parts in axial turbines.

Up to this point, the analysis has focused on 
the influence of operating parameters on kinetic 
energy losses in profile stages. Indeed, this is one 
of the primary characteristics determining the 
energy efficiency of a stage. For “internal” stages, 
meaning those followed directly by additional 
stages, efficiency considerations can be primarily 
based on this parameter. However, the situation 
differs when considering the final stages of a flow 

part — whether within a turbine cylinder or the 
entire turbine itself. In such cases, the overall ef-
ficiency of both the stage and the turbine is sig-
nificantly affected by outlet velocity losses:

                     
*

2 / 2 100%,ex
o

iz exinh h
c

  


 (5)

where ov is the kinetic energy losses due to outlet 
velocity; Cex represents the absolute velocity of 
the flow at the stage outlet.

Indeed, in the last stages, the kinetic energy of 
the exiting flow is lost, whereas in the internal 
stages, this energy is transferred to the subse-
quent stages. Therefore, for the last stages, it is 
necessary to reduce the outlet velocity of the flow, 
using total kinetic energy losses as the efficiency 
criterion:

*
st

 = st + ov,                           (6)

where *
st is the total kinetic energy losses.

Figures 8—10, similarly to Figs. 3, 5, and 6, show 
the total kinetic energy losses in various stages as 
function of c0t, 0t, and u.

The presented results have indicated that, un-
like the losses calculated without considering out-
let velocity losses, the gas-dynamic efficiency is 
higher in stages with a greater 1ef. Among the 

Fig. 7. Kinetic energy losses in the stage as function of Reex
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studied cases, the highest gas-dynamic efficiency 
is achie ved in the reactive stage at 1ef = 80. This 
finding suggests that the design approaches for 
internal and last stages should differ.

Using validated numerical methods for gas-
dynamic analysis and design of the flow parts in 
bladed turbomachinery, a comprehensive study 
has been conducted on the influence of opera-

Fig. 8. Total kinetic energy losses in a stage as function of c0t

Fig. 9. Total kinetic energy losses in a stage as function of 0t
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Fig. 10. Total kinetic energy losses in a stage as function of u

tional and geometric characteristics on the effi-
ciency of blade row stages in axial turbines.

For each of the analyzed operating points, de-
fined by specific operational and geometric para-
meters, blade row stages have been designed ba-
sed on the principle of “rational” design, ensuring 
that their gas-dynamic efficiency is close to the 
theoretical maximum.

As a result of this study, the following new 
findings and patterns have been identified:

1. The kinetic energy losses in the stages reach 
their minimum for all cases at 0t ≈ 1. These losses 
decrease as 0t increases from 0 to 1 due to the 
increase in flow velocity and, consequently, the 
Reynolds number. However, when 0t exceeds 1, 
kinetic energy losses begin to rise due to wave-
induced losses (flow wave crisis).

2. In general, the reactive blade rows (u/c0t = 0.7) 
tend to achieve lower kinetic energy losses as 
compared with the active blade rows (u/c0t = 0.5). 
However, in many cases, due to the inability to 
meet the required operating conditions — parti-
cu larly the high circumferential velocity u (excee-

ding 290—310 m/s) — active blade rows (u/c0t = 
= 0.5) may exhibit lower kinetic energy losses.

3. A decrease in 1ef leads to a reduction in ki-
netic energy losses in both active and reactive 
stages (for both values of u/c0t). This effect is att-
ributed to the reduced flow turning angle within 
the turning blade rows.

4. For the first time, dependencies of the mini-
mum achievable kinetic energy losses for the cor-
responding Reynolds numbers of the reactive and 
active blade rows in axial stages have been ob-
tained. As the Reynolds number increases, these 
losses in the stages decrease. At Re ≥ 107, a region 
with properties close to self-similarity begins.

5. The kinetic energy losses associated with 
the exit velocity are lower for the reactive stages 
(u/c0t = 0.7). They decrease as 1ef increases and 
the theoretical thermal drop c0t goes down.

6. The operating and other stage characteris-
tics (u/c0t, c0t, 1ef, etc.) affect the kinetic energy 
losses and outlet velocity losses in a different way. 
Therefore, the minimum (or near-minimum) total 
losses in the blade row stages are achieved when 

u,
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there is maintained an optimal (rational) balance 
between the kinetic energy losses and the outlet 
velocity losses.

7. The last blade row stages should be designed 
to minimize the total kinetic energy losses, whe-
reas the internal stages should focus solely on mi-
nimizing the kinetic energy losses.

8. When designing real (three-dimensional) sta-
ges, it is necessary to account for additional types 
of losses, such as the end losses (caused by secon-
dary flows), the losses due to flow non-uniformi-
ty, and others.

The further research aims to develop diagrams 
representing the dependencies of kinetic energy 
losses in blade row stages on 1ef, Reex і 0t. The-
se diagrams will serve as a foundational dataset 
(a first approximation) for designing blade row 
stages across a wide range of operating conditions 
in real axial turbine flow parts.

This research was conducted with the support 
of the program R&D in the Priority Area of Heat, 
Electric, and Nuclear Energy Technologies for En-
suring Ukraine’s Energy Security for 2023—2024.
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АНАЛІЗ ВПЛИВУ РЕЖИМНИХ І ГЕОМЕТРИЧНИХ ХАРАКТЕРИСТИК 
НА ЕФЕКТИВНІСТЬ РЕШІТОК ПРОФІЛІВ СТУПЕНІВ ОСЬОВИХ ТУРБІН 

Вступ. Лопаткові роторні машини існують й активно використовуються у різних галузях понад сто років, зокрема й 
у турбінах і турбодетандерах осьового типу: парові та газові енергетичні турбіни, авіаційні газотурбінні двигуни тощо.
Проблематика. Сучасні методи проєктування і технології виробництва дозволяють створювати осьові турбіни з 

достатньо високою газодинамічною ефективністю, яка визначається незворотними втратами кінетичної енергії по-
току в реальному процесі порівняно з ідеальним процесом, зазвичай, ізоентропним. На сьогодні стало майже нормою 
те, що в нових турбінах на номінальних режимах роботи втрати кінетичної енергії нижчі за 10 %. Актуальним є вста-
новлення величини реального, мінімального значення втрат кінетичної енергії, якого можна досягти в осьовій турбі-
ні для відповідних умов роботи.
Мета. Дослідження впливу режимних і геометричних характеристик — ефективний кут статора, числа Рейнольд-

са й безрозмірної умовної швидкості теплового перепаду на ступені, на ефективність активних і реактивних ступенів 
решіток профілів осьових турбін. 
Матеріали й методи. Застосовано сучасні чисельні методи розрахунку й проєктування проточних частин турбо-

машин, реалізованих у вигляді програмного комплексу IPMFlow. 
Результати. Отримано низку нових результатів і закономірностей підвищення газодинамічної ефективності сту-

пенів решіток профілів осьових турбін. Для кожної з розглянутих точок із заданими режимними і геометричними 
параметрами розроблено за принципом «раціонального» проєктування ступені решіток профілів, газодинамічна 
ефективність яких близька до максимально можливої. Показано, що при числах Рейнольдса більших за 5 × 106, зна-
чення втрат кінетичної енергії у ступенях решіток профілів можуть бути нижчими 2 %. 
Висновки. За результатами досліджень отримано низку нових результатів і закономірностей, які можуть бути за-

стосовані при проєктуванні й модернізації осьових турбін з метою підвищення їхньої ефективності.

Ключові слова: методи проєктування, газодинамічна ефективність, проточна частина турбіни, активний ступінь, реак-
тивний ступінь.




