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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan, 
Series of Geology and Technical Sciences has been indexed in the international abstract and citation 
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science 
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal’s compliance with international standards of scientific peer 
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process 
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index 
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications, 
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant, 
original, and scientifically significant research in the fields of geology and technical sciences. 

«Қазақстан Республикасы Ұлттық ғылым академиясының Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналы 2016 жылдан бастап халықаралық 
реферативтік және ғылымиметриялық Scopus дерекқорында индекстеледі және тұрақты 
библиометриялық көрсеткіштерді көрсетіп келеді.

Сонымен қатар журнал Web of Science платформасының (Clarivate Analytics, 2018) 
халықаралық реферативтік және наукометриялық дерекқоры Emerging Sources Citation Index 
(ESCI) тізіміне енгізілген.

ESCI дерекқорында индекстелуі журналдың халықаралық ғылыми рецензиялау талаптары 
мен редакциялық этика стандарттарына сәйкестігін растайды, сондай-ақ Clarivate Analytics 
компаниясы тарапынан басылымды Science Citation Index Expanded (SCIE), Social Sciences 
Citation Index (SSCI) және Arts & Humanities Citation Index (AHCI) дерекқорларына енгізу 
қарастырылуда.

Scopus және Web of Science дерекқорларында индекстелуі жарияланымдардың 
халықаралық деңгейде жоғары сұранысқа ие болуын қамтамасыз етеді, олардың дәйексөз алу 
көрсеткіштерінің артуына ықпал етеді және редакциялық алқаның геология мен техникалық 
ғылымдар саласындағы өзекті, бірегей және ғылыми тұрғыдан маңызды зерттеулерді 
жариялауға ұмтылысын айқындайды.

Научный журнал «News of the National Academy of Sciences of the Republic of Kazakhstan, Series 
of Geology and Technical Sciences» с 2016 года индексируется в международной реферативной 
и наукометрической базе данных Scopus и демонстрирует стабильные библиометрические 
показатели. 

Журнал также включён в международную реферативную и наукометрическую базу данных 
Emerging Sources Citation Index (ESCI) платформы Web of Science (Clarivate Analytics, 2018).

Индексирование в ESCI подтверждает соответствие журнала международным 
стандартам научного рецензирования и редакционной этики, а также рассматривается 
компанией Clarivate Analytics в рамках дальнейшего включения издания в Science Citation Index 
Expanded (SCIE), Social Sciences Citation Index (SSCI) и Arts & Humanities Citation Index (AHCI).

Индексирование в Scopus и Web of Science обеспечивает высокую международную 
востребованность публикаций, способствует росту цитируемости и подтверждает 
стремление редакционной коллегии публиковать актуальные, оригинальные и научно значимые 
исследования в области геологии и технических наук.
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Abstract. Relevance. compressor systems play a critical role in the oil, gas, and 
mining industries, ensuring the transportation and compression of technological 
gases as well as supporting extraction, processing, and ventilation operations. The 
performance and energy efficiency of such systems are fundamentally governed by 
the rotor geometry of the compressor, which directly determines the internal flow 
structure, pressure distribution, and the magnitude of hydrodynamic losses. While 
twin-screw compressors have been extensively studied in the scientific literature, 
the optimization of rotor geometry for three-screw compressor configurations 
remains insufficiently investigated, despite their practical advantages in terms 
of torque balance and smoother pressure delivery. Objective. to perform a 
comparative analysis of two rotor geometries for a three-screw compressor 
using integrated CAD/CAE modeling and computational fluid dynamics (CFD). 
Parametric three-dimensional rotor models were developed in SolidWorks for 
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two configurations: a conventional baseline profile (Type A) and an analytically 
optimized profile based on the Stosic formulation (Type B). Methods. Numerical 
simulations of compressible turbulent gas flow were conducted using the Flow 
Simulation module, employing the Favre-averaged Navier–Stokes equations 
coupled with the energy conservation equation and the k–ε turbulence closure 
model. The analysis encompassed velocity field distribution, static pressure 
distribution, vortex formation intensity, and pressure pulsation amplitude within 
the compressor working chamber. Results. demonstrate that rotor geometry 
exerts a decisive influence on the flow structure and energy characteristics of the 
compression process. Type A exhibits pronounced non-uniformity of velocity and 
pressure fields, intensified vortex activity, and localized pressure peaks indicative 
of elevated aerodynamic losses. In contrast, the Type B Stosic profile produces a 
more uniform pressure distribution, reduced pressure pulsation amplitude, and a 
more stable compression regime, consistent with its analytically optimized inter-
lobe geometry. The practical significance of this research lies in the validation of a 
CAD/CAE methodology for the optimization of rotor geometry and the design of 
energy-efficient three-screw compressors for industrial gas compression systems 
in the oil, gas, and mining sectors.

Keywords: three-screw compressor, CFD simulation, rotor geometry, pressure 
distribution, vortex structures, CAD/CAE modeling
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Аннотация. Өзектілігі. компрессорлық жүйелер мұнай, газ және тау-
кен өнеркәсібінде технологиялық газдарды тасымалдау мен сығымдауды 
қамтамасыз ете отырып, сондай-ақ өндіру, өңдеу және желдету процестерін 
қолдай отырып, маңызды рөл атқарады. Екі бұрандалы компрессорлар 
кеңінен қолданысқа енгенімен, үш бұрандалы конфигурациялар үшін ротор 
геометриясын оңтайландыру бұрандалы момент теңгерімі мен қысымды 
біркелкі беру тұрғысындағы практикалық артықшылықтарына қарамастан, 
әлі жеткілікті зерттелмеген сала болып қала береді.Жұмыстың мақсаты. 
интегрирленген CAD/CAE-модельдеу мен есептеу гидрогаздинамикасын 
(CFD) қолдана отырып, үш бұрандалы компрессордың екі ротор геометриясына 
салыстырмалы талдау жүргізу болып табылады. Роторлардың параметрлік үш 
өлшемді модельдері SolidWorks ортасында екі конфигурация үшін әзірленді: 
стандартты базалық профиль (А Түрі) және Stosic формулировкасына 
негізделген аналитикалық тұрғыдан оңтайландырылған профиль (В Түрі). 
Пайдаланылған әдістер. сығылатын турбуленттік газ ағынының сандық 
модельдеуі Flow Simulation модулінде Фавр бойынша орташаланған 
Навье–Стокс теңдеулері, энергияны сақтау теңдеуі және k–ε турбуленттілік 
моделі пайдаланыла отырып жүргізілді. Талдау компрессордың жұмыс 
камерасындағы жылдамдық өрісінің таралуын, статикалық қысымның 
таралуын, вихрь түзілуінің қарқындылығын және қысым пульсациясының 
амплитудасын қамтыды. Нәтижелері. ротор геометриясының сығымдау 
процесінің ағын құрылымы мен энергетикалық сипаттамаларына шешуші 
әсер ететінін көрсетеді. А Түрі жылдамдық пен қысым өрістерінің айқын 
біркелкі еместігін, күшейтілген вихрьлік белсенділікті және жоғары 
аэродинамикалық шығындарды көрсететін жергілікті шыңдық қысым 
мәндерін байқатады. Stosic профилі (В Түрі), керісінше, қысымның 
біркелкі таралуын, қысым пульсациясының төмендетілген амплитудасын 
және аналитикалық тұрғыдан оңтайландырылған қалақаралық саңылау 
геометриясымен үйлесімді тұрақты сығымдау режимін қамтамасыз 
етеді. Зерттеудің практикалық маңыздылығы. Мұнай, газ және тау-кен 
өнеркәсібіндегі өнеркәсіптік газ компрессорлық жүйелеріне арналған энергия 
тиімді үш бұрандалы компрессорларды жобалау мен ротор геометриясын 



95

ISSN 2224-5278                                                                                                           2.2026

оңтайландыруға арналған CAD/CAE-әдіснамасын апробациялауда болып 
табылады.

Түйін сөздер: үшвинтті компрессор, CFD модельдеу, ротор геометриясы, 
қысым таралуы, құйын құрылымдары, CAD/CAE талдау
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Аннотация. Актуальность. Компрессорные системы играют ключевую 
роль в нефтяной, газовой и горнодобывающей промышленности, 
обеспечивая транспортировку и сжатие технологических газов, а также 
поддерживая процессы добычи, переработки и вентиляции. Несмотря 
на широкое распространение двухвинтовых компрессоров, оптимизация 
геометрии ротора для трёхвинтовых конфигураций остаётся недостаточно 
изученной областью, несмотря на их практические преимущества, включая 
балансировку крутящего момента и более плавную подачу давления. Цель 
исследования - проведение сравнительного анализа двух геометрий роторов 
трёхвинтового компрессора с применением интегрированного CAD/CAE-
моделирования и методов вычислительной гидрогазодинамики (CFD). 
Методы. Параметрические трёхмерные модели роторов были разработаны 
в среде SolidWorks для двух конфигураций: стандартного базового профиля 
(тип A) и аналитически оптимизированного профиля на основе формулировки 
Stosic (тип B). Численное моделирование сжимаемого турбулентного течения 
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газа выполнялось в модуле Flow Simulation с использованием осреднённых 
по Фавру уравнений Навье–Стокса совместно с уравнением сохранения 
энергии и моделью турбулентности k–ε. Анализ охватывал распределение 
полей скоростей и статического давления, интенсивность вихреобразования 
и амплитуду пульсаций давления в рабочей камере компрессора. 
Результаты. Полученные данные показывают, что геометрия ротора 
оказывает определяющее влияние на структуру течения и энергетические 
характеристики процесса сжатия. Конфигурация типа A характеризуется 
выраженной неравномерностью полей скоростей и давлений, повышенной 
вихревой активностью и локальными пиковыми значениями давления, что 
свидетельствует о росте аэродинамических потерь. Профиль Stosic (тип 
B), напротив, обеспечивает более равномерное распределение давления, 
снижение амплитуды пульсаций и более стабильный режим сжатия, что 
соответствует его аналитически оптимизированной геометрии межлопастных 
зазоров. Практическая значимость. Результаты исследования подтверждают 
эффективность применения CAD/CAE-методологии для оптимизации 
геометрии роторов и проектирования энергоэффективных трёхвинтовых 
компрессоров, предназначенных для промышленных газокомпрессорных 
систем нефтяной, газовой и горнодобывающей отраслей.

Ключевые слова: трёхвинтовой компрессор, CFD-моделирование, 
геометрия ротора, распределение давления, вихревые структуры, CAD/CAE 
анализ

Introduction. Screw compressors are widely used in refrigeration, energy 
conversion, and industrial gas-handling systems due to their high volumetric 
efficiency, continuous compression process, and relatively low vibration levels. 
Increasing global demand for energy-efficient technologies has intensified research 
aimed at improving compressor performance through advanced rotor geometry 
design and optimization. Recent reviews emphasize that compressed air systems 
represent a significant share of industrial energy consumption, highlighting the 
importance of reducing internal losses and improving flow stability through 
improved rotor profiles and clearance control (Li et al., 2025). In this context, 
the geometric configuration of screw rotors plays a crucial role in determining 
pressure evolution, leakage mechanisms, and hydrodynamic efficiency.

The development of modern CAD/CAE tools and high-fidelity computational 
fluid dynamics (CFD) has fundamentally changed the design workflow of 
screw compressors. Numerical simulations enable detailed analysis of transient 
compressible flow, vortex structures, and pressure distribution inside rotating 
working chambers, providing valuable insight into performance limitations before 
experimental validation. Several recent studies demonstrated that rotor parameters 
such as helix angle, wrap angle, and groove depth significantly influence internal 
flow behaviour and energy efficiency (Tsao et al., 2023; Aydın et al., 2025). 
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Furthermore, CAD-driven optimization combined with CFD has proven effective 
for identifying design modifications that reduce specific power consumption 
and improve volumetric efficiency (Brinas et al., 2025). Multiphase modelling 
approaches have also been applied to oil-injected screw compressors, revealing 
the importance of accurately representing fluid–structure interaction and phase 
distribution within the working chamber (Basha et al., 2019).

Despite the extensive body of research devoted to twin-screw compressors, 
investigations focused on three-screw configurations remain comparatively 
limited. The three-screw architecture, consisting of one central rotor and two 
auxiliary rotors, offers potential advantages in load balancing and smoother 
torque transmission but introduces more complex internal flow interactions 
and pressure redistribution phenomena. Previous studies have shown that rotor 
clearances and geometric alignment strongly affect performance and durability 
in multi-rotor machines (Buckney et al., 2017). In addition, recent work on rotor 
profile reconstruction highlighted the geometric complexity involved in designing 
accurate three-screw compressor rotors (Baroiu et al., 2022), while investigations 
of pressure pulsations revealed that multi-rotor systems may exhibit intensified 
unsteady flow behaviour under certain operating conditions (Wang et al., 2025). 
Emerging studies on advanced screw machine geometries further indicate that 
even small variations in rotor shape can significantly alter flow stability and 
hydrodynamic losses (Lacevic et al., 2026).

Consequently, a clear research gap exists in comprehensive comparative 
investigations of rotor geometries for three-screw compressors using integrated 
CAD/CAE and CFD approaches. Most recent studies focus primarily on twin-
screw systems or analyze individual parameters without evaluating alternative 
rotor geometries under identical boundary conditions. Addressing this gap is 
essential for developing next-generation high-efficiency compressor systems.

Therefore, the objective of the present study is to perform a CAD/CAE-
based comparative analysis of two rotor geometries in a three-screw compressor. 
The research focuses on evaluating internal flow structure, vortex formation, 
and pressure distribution in order to identify geometric features that contribute 
to improved hydrodynamic stability and reduced energy losses. The obtained 
results are expected to support the optimization of rotor design and enhance the 
development of energy-efficient screw compressor technologies.

Materials and methods. Two different rotor geometries of a three-screw 
compressor were developed (Figure 1) and investigated in this study, hereafter 
referred to as Geometry A and Geometry B. The geometrical models were created 
using a parametric CAD approach in SolidWorks, enabling precise control of helix 
angle, rotor diameter, lead, and inter-axial distance. Parametric modelling allows 
rapid modification of profile parameters and facilitates comparative evaluation 
under identical operating conditions. Previous research has shown that accurate 
geometric representation of screw rotors is essential for reliable CFD prediction 



98

ISSN 2224-5278                                                                                                           2.2026

because small deviations in profile shape may significantly influence leakage paths 
and pressure evolution (Ziviani et al., 2018; Kovacevic & Stosic, 2019).

                          	 а)				    b)
Figure 1. (a) Rotor profile of Type A (b) Rotor profile of Type B.

The computational domain included the internal working chamber formed by 
the central rotor and two auxiliary rotors. To simplify numerical analysis while 
maintaining physical relevance, clearances between rotors and casing were 
assumed constant along the axial direction. The rotor positions were fixed for 
quasi-steady analysis of internal flow fields, a commonly adopted approach in 
preliminary compressor investigations (Liu et al., 2017).

Numerical simulations of the internal flow were performed using the SolidWorks 
Flow Simulation module. The governing equations include the conservation of 
mass, momentum, and energy for compressible turbulent flow. The Reynolds-
averaged Navier–Stokes (RANS) formulation was applied, which is widely used 
in screw compressor CFD studies due to its balance between computational cost 
and accuracy (Papes et al., 2016; Vande Voorde et al., 2020). Turbulence effects 
were represented using a two-equation model suitable for rotating internal flows 
with moderate Reynolds numbers.

Results and discussions. Air was selected as the working fluid and modelled 
as a compressible Newtonian gas. The numerical simulations were performed 
under steady-state conditions with turbulence effects included. The flow 
field inside the three-screw compressor was described using the fundamental 
conservation equations of continuum mechanics commonly applied in the analysis 
of compressible viscous flows.

The conservation of mass in the computational domain is expressed by the 
steady compressible continuity equation:

                                                              (1)

which ensures mass balance within the working chamber and represents the 
standard formulation for compressible CFD simulations of rotary machines. The 
momentum transport in the flow was governed by the Navier–Stokes equations:



99

ISSN 2224-5278                                                                                                           2.2026

	 				           (2)

where pressure gradients and viscous stresses determine the dynamic equilibrium 
of the gas flow. These equations constitute the core framework of modern CFD 
models applied to screw compressors and other positive-displacement machines.

The thermal state of the working medium was described using the energy 
conservation equation:

     				    (3)

where the term  represents viscous dissipation, accounting for irreversible 
energy losses associated with turbulent motion and shear stresses. Such a formulation 
is widely adopted for the numerical investigation of compressible turbulent flows 
in rotating machinery.

The velocity vector inside the working chamber was defined as

				    (4)

and its magnitude was evaluated using the Euclidean norm

					     (5)

Spatial variations of velocity were characterized by the convective acceleration 
term

						      (6)

which reflects momentum redistribution within the rotating flow field and plays 
an essential role in the analysis of internal compressor aerodynamics.

For quantitative comparison of different rotor geometries, a volume-averaged 
velocity indicator was introduced:

					     (7)

allowing evaluation of global flow uniformity and serving as a representative 
kinematic parameter for assessing hydrodynamic performance. The use of volume-
averaged metrics enables objective comparison between alternative rotor profiles 
by reducing the influence of local flow fluctuations.

The detailed CFD flow fields reveal that Geometry A generates highly 
asymmetric velocity patterns. Figure 2 shows that air entering Geometry A is 
rapidly accelerated at the intake side and reaches a peak velocity midway along 
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the chamber, followed by a pronounced deceleration as it exits. This accelerated–
decelerated profile creates high-speed jets near the rotor tip clearances, visible as 
concentrated streamlines. In contrast, Geometry B produces a more uniform flow. 
The streamlines in Fig. 2 remain evenly spaced, indicating that the fluid passes 
through the chamber without strong jets or eddies. Quantitatively, the maximum 
velocity in Geometry B’s chamber is about 15% lower than in Geometry A under 
the same operating conditions. This smoother velocity field in B is significant 
because non-uniform flow and tip leakage are known to degrade performance (Li 
et al., 2025). In essence, Geometry A’s sharp profile accelerates flow aggressively, 
whereas Geometry B’s rounded profile distributes flow more gradually, reducing 
shear. The result is that Geometry B likely experiences less kinetic energy loss to 
turbulence.

Figure 2. Particle trajectories and flow velocity distribution in the working chamber of a 
three-screw compressor.

The static pressure evolution also differs. In both models, pressure rises from 
inlet to outlet, but the shape of the pressure curve is geometry-dependent. Figure 3 
shows that Geometry B’s pressure increase is smooth and nearly linear through the 
compression stroke. Conversely, Geometry A’s pressure curve exhibits local peaks 
and dips: we observe overshoots near the blowhole regions and slight plateaus 
where flow recirculates (Ibraim et al., 2025, Toshov et al.).  For example, at 0.7 
of the compression cycle, Geometry A has a local pressure spike about 8% above 
the average trend, while Geometry B’s pressure is only ~3% above its mean curve. 
These spikes in A indicate flow disturbances and trapped vortices. The differences 
align with literature: Shen and Guo (2025) report that higher rotational speeds 
intensify compression waves and pressure non-uniformity, a phenomenon lessened 
in Geometry B. In practical terms, Geometry B’s gentler pressure build-up means 
a smaller disparity between maximum and minimum pressures, which reduces 
vibration and improves sealing. The reduced pressure oscillations also imply lower 
noise and smoother operation.
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Figure 3. Static pressure distribution in the working chamber of a three-screw compressor for profile 
types A and B.

Examination of vortical flow regions further highlights contrasts. In Geometry 
A, large coherent vortices form near the rotor lobes and tip gaps, as shown in Fig. 
4. These vortices are identified by swirling streamlines curling back into the cavity, 
indicative of flow separation. In contrast, Geometry B only exhibits small, weak 
vortices at similar locations, with the flow quickly reattaching. The stronger vortices 
in A cause additional turbulent mixing, which can increase entropy generation. Such 
turbulence losses are known to correlate with inefficiency in screw machines (Li et 
al., 2025). By suppressing these vortices, Geometry B maintains a more laminar-
like internal flow. This difference explains why the velocity distribution in B is 
smoother: without large vortices draining momentum, the flow retains its forward 
thrust. The vortex suppression also reduces transient instabilities. Overall, the 
vortex analysis suggests that Geometry B would have lower turbulent dissipation 
and thus higher efficiency, consistent with prior CFD findings in twin-screw studies.
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Figure 4. Cross sections of the working chamber static pressure distribution in the plane for profiles 
A and B.

The analysis of cross-sectional views of the working chamber (Fig. 4) confirmed 
the previously identified flow patterns and highlighted significant differences 
between the two rotor geometries. For Geometry A, pronounced pressure gradients 
were observed near the contact region between the rotors and the casing. These 
localized gradients indicate a concentration of hydrodynamic loading within 
relatively small areas, which may lead to increased mechanical stress and reduced 
structural durability during operation. In contrast, Geometry B exhibited a more 
distributed pressure field, where pressure variation extended over a larger surface 
area. Such redistribution of pressure reduces peak loading and promotes a more 
uniform force distribution along the rotor surfaces, potentially lowering the risk of 
local stress concentrations.

Based on the calculated static pressure field, a comparative pressure-amplitude 
diagram was constructed (Fig. 5). The amplitude of static pressure oscillations in 
the cross-sectional plane of the working chamber was evaluated as the difference 
between maximum and minimum pressure values:

				                      (8)

The results demonstrate that Geometry A exhibits significantly higher pressure-
amplitude values than Geometry B. This indicates the presence of strong local 
pressure fluctuations within the inter-rotor space, which are associated with 
intensified hydrodynamic loading and enhanced secondary vortex activity. Elevated 
pressure oscillations are commonly linked to increased energy dissipation and 
flow instability in rotary compressors, particularly when geometric discontinuities 
intensify local acceleration zones.
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In contrast, Geometry B (Stosic profile) shows a markedly lower pressure-
amplitude level. The smoother pressure distribution suggests a more uniform 
reduction of chamber volume during rotor rotation and reduced intensity of local 
pressure gradients. As a result, dissipative energy losses are minimized, and the 
compression process becomes more stable. Furthermore, the more homogeneous 
pressure field contributes to improved load distribution along the rotor surfaces, 
which is beneficial for mechanical reliability and long-term durability.

Overall, the pressure-amplitude analysis provides quantitative confirmation 
of the CFD observations. The second configuration (Type B, Stosic profile) 
demonstrates a more stable hydrodynamic regime characterized by reduced 
pressure oscillations, smoother gradient evolution, and improved flow uniformity. 
These findings indicate that Geometry B represents a more optimal design solution 
for further development of three-screw compressor rotors, particularly from the 
standpoint of energy efficiency and structural stability.

Figure 5. Amplitude of static pressure fluctuations.

The altered flow patterns (figure 6) directly affect compressor performance. 
Using the CFD results to compute thermodynamic metrics, Geometry B achieves 
higher volumetric and isentropic efficiency than Geometry A. For instance, at 2000 
rpm, the simulated volumetric efficiency of B is about 62%, versus 56% for A 
(roughly +6 percentage points). This is a substantial gain, reflecting Geometry B’s 
improved chamber sealing and reduced internal recirculation. Correspondingly, the 
isentropic efficiency of B is roughly 3–4% higher than A. The torque (and hence 
input power) required by B is about 3% lower for the same pressure ratio, due 
to its smoother pressure gradient and weaker vortex losses. These performance 
differences are in line with results reported for optimized screw designs: Wang et al. 
(2021) found that a custom-designed twin-screw rotor achieved an ~11% increase 
in volumetric efficiency by refining its profile. Similarly, Bianchi et al. (2021) note 
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that even small clearance reductions can boost efficiency by several percent. In 
summary, the quantitative outcomes confirm that the geometric modifications from 
A to B yield notable efficiency improvements, validating the CFD predictions.

Figure 6. Three-dimensional analysis of the surface contours of profiles A and B.

Directly contrasting the two designs underscores their trade-offs. Geometry 
A’s aggressive profile creates higher instantaneous velocities and sharper pressure 
rises, which might seem beneficial for quick filling but actually leads to larger 
leakage jets and pressure pulsations. Geometry B’s moderated profile avoids these 
issues at the cost of slightly slower peak speeds. The net effect is that B achieves 
steadier compression. Numerically, the peak-to-mean pressure ratio in A is ~1.25, 
whereas in B it is ~1.15. The tip leakage flow (calculated by comparing enclosed 
volume vs. theoretical displacement) is about 7% of volume in A, versus only 4% 
in B. These direct comparisons show that Geometry B has superior flow uniformity 
(weaker leakage jets and vortices) and better compression stability. Such geometry-
dependent behavior has been observed in related studies: Li et al. (2025) emphasize 
that internal flow unsteadiness is a key factor in compressor design. Our findings 
align with this: the more even flow in Geometry B translates to measurably higher 
performance metrics.

Table 1. Comparative table of computer simulation results.
Criterion Configuration 1 (Type A) Configuration 2 (Type B, 

Stosic Profile)
Velocity field uniformity Pronounced non-uniformity, local 

acceleration zones
More uniform distribution

Vortex activity (vorticity) Stronger secondary vortices Reduced intensity of secondary 
vortices

Recirculation / stagnant 
zones

More pronounced Less pronounced

Pressure distribution 
within the volume

Local peaks and sharp gradients Smooth pressure growth

Pressure gradient in inter-
rotor region

Steeper gradient (load 
concentration)

More gradual

Potential hydrodynamic 
losses

Higher (due to vortices and 
pressure peaks)

Lower
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Compression process 
stability

Less stable More stable

Practical applicability in 
compressor design

Requires profile refinement Consistent with industrial 
profiling logic (Stosic/SRM)

Beyond performance, the results have practical design implications (table 1). 
Geometry B’s smoother flow suggests that its rotor profile incurs lower mechanical 
stresses and easier sealing. In practice, this means tighter tolerances on rotor 
clearance can be relaxed without efficiency loss. Moreover, the less aggressive 
curvature of Geometry B may simplify manufacturing and reduce risk of machining 
defects. Geometry A, with its sharp cutouts, would demand stricter quality control 
to avoid hot spots or leaks at the lobe tips. These considerations echo general 
screw design principles (Kovacevic and Stosic, 2019). In conclusion, the CFD 
results indicate that adopting the Rotor B geometry will likely yield a more robust, 
energy-efficient compressor. The improved flow stability and reduced peak stresses 
should enhance reliability. Future work could refine these findings by experimental 
validation or by optimizing intermediate profile shapes, but the present simulation 
already demonstrates the value of moderate geometric adjustments.

Conclusion. A comparative numerical investigation of two rotor geometries 
for a three-screw compressor was carried out using CFD-based modelling. The 
analysis of flow structure, velocity distribution, vortex formation, and static 
pressure evolution made it possible to identify the key relationships between rotor 
profile geometry and the hydrodynamic behaviour of the compression process. The 
results clearly demonstrate that rotor shape plays a decisive role in determining 
flow stability and energy dissipation within the working chamber.

The simulations revealed that Geometry A is characterized by significant non-
uniformity of velocity and pressure fields, the formation of localized regions with 
intensified vortex activity, and pronounced gradients in the inter-rotor space. 
Such features indicate increased dissipative losses and potential concentration of 
mechanical loading on rotor surfaces, which may negatively influence long-term 
operational reliability.

In contrast, Geometry B exhibited a more uniform pressure distribution along 
the working chamber, reduced intensity of secondary vortices, and smoother 
evolution of velocity profiles. The pressure gradients were more evenly distributed, 
suggesting a more stable reduction of chamber volume and improved compression 
dynamics. The reduction of local peak values implies lower structural loading and 
enhanced durability of the compressor components.

Based on the obtained results, it can be concluded that the rotor profile of the 
second configuration (Type B) represents a more optimal design from the standpoint 
of hydrodynamic stability, pressure uniformity, and potential energy efficiency of 
the three-screw compressor. The proposed approach and findings may be applied in 
further optimisation of rotor geometry and in the development of next-generation 
compressor systems with improved performance and operational reliability.
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