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of the Republic of Uzbekistan

ABSTRACT:

The study of fluid flows in channels is of paramount importance in various
engineering and environmental applications. To address the complex nature of these
flows, numerical methods have become an invaluable tool for understanding and
analyzing flow behavior. The Finite Element Method (FEM) is one such numerical
technique that has gained widespread acceptance due to its versatility and robustness in
handling diverse fluid flow problems. In this article, we present the development of a
novel numerical algorithm based on the Finite Element Method tailored for the study
of flows in channels. We discuss the underlying principles, implementation, and
applications of this algorithm, showcasing its capabilities in simulating and analyzing
channel flows with high accuracy.

Keywords: Finite Element Method, Fluid Dynamics, Numerical Algorithm,
Channel Flows, Computational Fluid Dynamics.

PA3BPABOTKA YHCJIEHHOI'O AJITOPUTMA HA OCHOBE METOJIA
KOHEYHBIX SJIEMEHTOB JJIS1 U3YUEHUS TEUEHU B KAHAJIAX
ABCTPAKTHBIN:

I/ICCHGILOBaHI/Ie ITOTOKOB JKMIKOCTH B KaHaJ1aX UMCCT IICPBOCTCIICHHOC 3HAYCHUC
B paSJ'II/I‘-IHI)IX I/IH)KeHepHBIX N 3KOJOI'MYCCKHUX HpI/IJIO)KeHI/IHX. LITO6I>I peHII/ITB CJ'IO)KHyIO
HpHpOI[y 9THUX IIOTOKOB, YHCJIICHHBIC MCTOAbI CTaJIN 6eCHeHHBIM I/IHCprMeHTOM JJIA
MOHMMAaHMS U aHaJIW3a MOBEACHUS MOTOKa. MeToa KoHeuHbIX 35ieMeHToB (MKD) —
OIMH M3 TaKHX YHCJIICHHBIX MCTOJ0B, HOJ'IyIII/IBH_II/Iﬁ IJ_II/IPOKOG HpI/IBHaHI/Ie 6J1ar011ap$1
CBOECH YHMBEPCAJIBHOCTM W HAJEKHOCTH MpPU PEUIeHUH pPa3HOOOpa3HbIX 3ajad,
CBSI3aHHBIX C MOTOKAMH >KHJIKOCTH. B 3TO# cTaThe MBI MpEACTaBIsieM pa3pabOTKy
HOBOI'O YUCJICHHOI'O aJ'IFOpI/ITMa, OCHOBAHHOI'0O Ha METOAC KOHCYHBLIX JJICMCHTOB,
npenHasHaquHoro JJIs1 UCCIICAOBAHU S Te‘—IeHI/Iﬁ B KaHaJIax. MBI 06cy>KzLaeM OCHOBHEIC
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NPUHLHUINBI, PEATU3alUI0 U MNPUMEHEHHE 3TOr0 aJfOpUTMa, JIEMOHCTPUPYS €ro
BO3MO>XHOCTH MOJICJIMPOBAHMS M aHAIN3a MOTOKOB KAHAJIOB C BHICOKOM TOYHOCTHIO.

KuioueBble cj10Ba: METOJT KOHEUHBIX AJIIEMEHTOB, THAPOAMHAMUKA, YHCIICHHbBIN
JITOPUTM, ITOTOKHU B KaHAJIaX, BBIYUCIUTENIbHASI TUPOJUHAMUKA.

KANALLARDAGI OQIMLARNI O'RGANISH UCHUN CHEKLI ELEMENT
USULI ASOSIDA SONLI ALGORITMNI ISHLAB CHIQISH.
ANNOTATSIYA:

Kanallardagi suyuglik ogimlarini o'rganish turli muhandislik va atrof-muhitni
muhofaza gilishda katta ahamiyatga ega. Ushbu ogimlarning murakkab tabiatini hal
qgilish uchun ragamli usullar ogim xatti-harakatlarini tushunish va tahlil gilish uchun
bebaho vositaga aylandi. Cheklangan elementlar usuli (FEM) ko'p girrali va turli xil
suyuglik ogimi muammolarini hal gilishda mustahkamligi tufayli keng targalgan bo'lib
gabul gilingan shunday ragamli texnikalardan biridir. Ushbu magolada biz kanallardagi
ogimlarni o'rganish uchun mo'ljallangan Sonli elementlar usuliga asoslangan yangi
ragamli algoritmni ishlab chigishni taqdim etamiz. Biz ushbu algoritmning asosiy
tamoyillari, amalga oshirilishi va go'llanilishini muhokama gilamiz, uning yugori
aniglik bilan kanal ogimlarini simulyatsiya qilish va tahlil gilish imkoniyatlarini
namoyish gilamiz.

Kalit so'zlar: Cheklangan elementlar usuli, Suyugliklar dinamikasi, Sonli
algoritm, Kanal ogimlari, Hisoblash suyugliklar dinamikasi.

INTRODUCTION

Fluid flows in channels are encountered in numerous engineering and
environmental scenarios, such as river hydraulics, heat exchangers, oil pipelines, and
microfluidic devices. Accurate prediction and analysis of these flows are essential for
designing efficient systems and managing environmental resources. Numerical
methods have proven to be indispensable tools for studying such flows, and the Finite
Element Method (FEM) is a well-established approach for solving complex fluid
dynamics problems.

Finite Element Method (FEM)

The Finite Element Method is a numerical technique used to approximate the
solutions to partial differential equations governing fluid flow phenomena. It
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subdivides the domain into discrete elements, typically triangles or quadrilaterals in 2D
or tetrahedra or hexahedra in 3D. The governing equations are then discretized over
these elements, resulting in a system of algebraic equations that can be solved
numerically. FEM offers high flexibility in handling irregular geometries and complex
boundary conditions, making it particularly suitable for studying flows in channels.

Development of the Numerical Algorithm

Our numerical algorithm based on the FEM is designed to simulate flows in
channels efficiently and accurately. Key aspects of the algorithm include:

1. Mesh Generation: An appropriate mesh is generated, dividing the channel
domain into elements. The mesh should be fine enough to capture important flow
features while keeping computational costs manageable.

2. Governing Equations: The Navier-Stokes equations, which describe fluid
flow, are discretized over the mesh using the FEM. Boundary conditions are applied to
represent the physical constraints of the problem.

3. Solution Techniques: Various solvers, such as direct solvers or iterative
methods, can be employed to solve the resulting linear system of equations. The choice
of solver depends on the problem's size and complexity.

4. Post-processing: After obtaining the numerical solution, post-processing
techniques are applied to visualize and analyze flow patterns, velocity profiles, pressure
distributions, and other relevant quantities of interest.

Applications

The developed algorithm has been successfully applied to a range of channel
flow problems, including:

1. River Hydraulics: Studying river flow behavior to assess flood risk and
optimize channel design.

2. Microfluidics: Analyzing flows in microchannels for biomedical and lab-on-
a-chip applications.

3. Heat Exchangers: Evaluating heat transfer and pressure drop in various
channel geometries for efficient heat exchanger design.

4. Environmental Impact Assessment: Investigating the impact of channel flows
on local ecosystems and sediment transport.

CONCLUSION
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The development of a numerical algorithm based on the Finite Element Method
for studying flows in channels offers a versatile and accurate tool for engineers,
researchers, and environmental scientists. By providing a robust framework to simulate
and analyze channel flows, this algorithm can contribute to the advancement of various
fields and aid in the design and optimization of channel-related systems. Future work
may involve further refinement and validation of the algorithm and its application to
more complex channel flow problems.
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