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CFD MODELING OF RADIAL ROTATING IMPELLER
FOR AIR CONDITION AT RAIL VEHICLE

Mema cmammi - cmeopenuss 6 Solidworks geometric modeni padianvHozo impeller, wo o6epmaembcs,
BUKOPUCMOB8YB8AHO20 Yy 8eHMusAyii i cucmem KOHOUYIOHYBAHHS 68 MPAHCNOPMHUX 3dcobax peliku I B8UKOHAMU aHAI3
nosimpsinozo nomoky KOCMOC Flowworks.

CFD, modenrweanHs 3a80s5Ku duckpemu3sayii i yucs108um memooam 0451 8UpiWeHHS] PIBHAHbL POOASIMb MONCAUBOH)
OYIHKY npubau3Ho20 3HAYEHHs napamempie NOMOKY - weudkocmi, mucky, memnepamypi i IHWUM napamempam, 8aicAUSUM
npomsi2om ceomempuyvHoi onmumizayii.

Ilens cmamvu - co3danue 8 SolidWorks geometric modeau paduaabHozo spawarouezocs impeller, ucnosv3yemozo 8
8eHMUASAYUU U cUCmeM KOHOUYUOHUPOBAHUS 8 MPAHCNOPMHbIX Cpedcmeax peabca U 8bIN0AHUMb AHAIU3 8030YWHO20 NOMOKA
¢ KOCMOC FlowWorks.

CFD, modenuposaHue 6saaz00apss duckpemu3ayuu U HUc/A08blM Memodam 0.5 peuleHUsl ypasHeHull deaaiom
B03MOJCHBIMU OYeHKy Npubau3umenbHo20 3HaYeHUs1 napamempos nomoka — ckopocmu, 0ag/1eHuro, memnepamype u dpyaum
napamempam, 8a’CHbIM 8 MeveHUe 2e0Mempuyveckoli onMuUMU3ayuu.

Purpose of paper is creating at SolidWorks geometric model of radial rotating impeller using at ventilation and air
conditioning systems in rail vehicles and execute analysis of air flow with COSMOS FlowWorks.

CFD modeling thanks to discretization and numerical methods for solving equations make possible evaluate
approximate value of flow parameters like velocity, pressure, temperature and other parameters important during geometrical
optimalization.

1. Introduction

Design of modern light rail vehicles burgeon constantly. Low floor, ergonomic space for passangers, efficient
ventilation and air condition systems are standards. Using all this innovation is relevant with design issuees and also
with projecting air condition and ventilation structures. Despite units from this structures are hidden — so invisible for
passengers they need a lot of space. Central units of air condition system are based in the different places of roof so
have to be some ventilation channels to transport air around the vehicle’s inside. One of basic component of ventilation
systems are fans. Depending on work structure and expected flow parameters fans have many different designs of
impellers. One of most popular fan using, cause of good flow parameters and quite small dimensions, at modern tram
construction is radial centrifugal fan.

1.1 Definition of radial centrifugal fan

Fan is a flow machine for creating current of air and transport it inside ore outside room. At radial centrifugal
fans energy is carry to gas in centrifugal direction. Flow direction change to axial only inside impeller’s casing.
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Fig. 1. Radial centrifugal fan impeller Fig. 2. Air flow trajectory through impeller

2. Geometrical model of fan impeller

Geometrical model of rotating impeller was prepared at CAD
application SolidWorks. Assembly used in flow analysis consist of four
parts. The main and at once the most complex component is impeller (1).
It is based inside cylindrical casing (2). Fan casing is not a standard part of
fan but backup geometry that is use to define border condition for air flow.
Cylindrical surface (3) is not a wall for air because it is out of flow. Intel
surface (4) is also backup geometry out of flow. It is necessary to define
inlet conditions.

3.CFD analysis
For CFD (Computation Fluid Dynamics) analysis was used toll ) _ _
from COSMOS platform FloWorks. It is toll for fluid-flow simulation ~ Fig- 3. Crosssection of geometrical model of




integrated with SolidWorks application. With its CFD analysis centrifugal impeller
capabilities, it is possible to simulate liquid and gas flow in real world conditions, run “what if” scenarios, and quickly
analyze the effects of fluid flow, heat transfer, and related forces on immersed or surrounding components.

4. Analysis definition
To define flow analysis following border conditions were determinated (Fig.4.):

a) Inlet efficiency 0)3[&}
S

b) Standard pressure 101325[Pa]
c¢) Fixed walls

d) Impeller rotation 1800[0_br}
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Fig. 4. Definition of border conditions

Fluid is set as air with temperature and pressure. Those are default parameters from COSMOS data base. There
is also possibility to define user parameters.

5. Analysisresults

In the first step of analysis was generated three-dimensional mesh grid (Fig.5). In this example 3D grid consist
of three types of finite volumes.

Fluid cells — cells where fluid flow is detected

Partial cells — backup cells, generated in places with complex geometry

Solid cells — cells where fluid flow is not detected

. Fluid cells

] solid cells

Fig. 5. three-dimensional mesh grid
Next step is generating flow trajectories (Fig.6.) and maps of flow parameters like: average flow pressure
(Fig.7) and velocity vectors field (Fig.8) in normal section in the middle of impeller thickness and also surface map with
average pressure existing on rotating impeller (Fig.9).



Fig. 7. Average pressuredistribution in normal section
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Fig. 8. Velocity vectorsfield in normal section Fig. 9. Average pressuredistribution in the surfaces of impeller

6. Automatic efficiency calculation

FloWorks makes possibilities to declare mathematic equations. Thanks to this option that base on evaluated
average value of flow parameters impeller efficiency was found.

n - impéeller efficiency

N N, — power output
n= u N; — engine shaft power
N Piniee —inlet pressure
s Poutier —OUtlEL enviroment pressure

Q —intel volume flow

(Pinlet — Poutlet ) Q| Q—impeller rotation

M —torque on impeller
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Fig.10. FloWorksresult window

Calculated impeller efficiency is about 82 %. It is a bit higher then in real environment. It result from analysis
idealization. Efficiency of centrifugal axial impellers, depending of ventilation structures architectures, is from 60 to
90 %

7. Conclusions

Preparing geometrical model and CFD analysis execution let to found flow trajectories, distribution of average
pressure along those trajectories, flat maps with flow parameters distributions, velocity vector field and surfaces map of
average pressure distribution on rotating impeller. The last one is very useful during designing processes because it
clearly illustrate places where local extremes exists. Additionally based on thermodynamic equation impeller efficiency
was found.

Using integration CAD application with CFD system, correct definition of flow conditions and also equation
definition (optimalization functions) make possible automatic calculation variants of solutions.
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