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SUMMARY

Local and total performance of an actual rotor-omlial flow industrial fan have been

evaluated by experimental tests and CFD calculatidifferent degrees of the overall model
complexity and amplitudes of the computational dion@ae considered in the latter to find the
best compromise between accuracy of the resultsavidg of computational effort and costs.
All computational domains were discretised takidgamtage of the innovative polyhedral grid
meshing capability of CFD commercial codes. Thedrtgnce of the proper grid size for

scientific and industrial applications is discussdglo accounting for the turbulence model
selection.

Results show that single blade channel stationalgulations with an idealized meridional
passage show the better predictions of the totalpirformance and efficiency in the stable
operation range. Reliable analysis of the rotowff@ld can be performed only by modeling in
detail the actual meridional geometry. In additicalculations on a very rough grid show
capability of performance and efficiency predictibat appears very attractive for fan industry.

INTRODUCTION

The actual performance of industrial fans has ratrgached the level claimed as possible by a
considerable amount of up-to-date literature inchhoptimisation algorithms drive campaigns of
CFD calculations. On one side this is due to a-esthblished know-how often considered as
“satisfactory” by the manufacturers. On the othiele ghere is still a lack of confidence in the
technical and economic advantages deriving frome tioonsuming optimisation techniques.
However, big interest of manufacturers is devoteéffective design and analysis techniques that
are compatible with the acceptable computatiorfaltednd costs in industrial production.

Thanks to the advances in computer technology, atatipnal models suggested by researchers
became an attractive scenario for fans industries.

Fundamentals of theory and analysis techniqueartatrary-vortex flow turbomachinery are from
a long time subjects of classical text-books (see E], [2]). In the early '60 the first digital
techniques for turbomachinery analysis were dewslopleaningful examples are the streamline
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curvature methods by Stockman [3] and Novak [4].eXtensive review of the state of the art up to
1980 about numerical analysis of turbomachinergrmdl flows is presented by McNally and
Sockol [5]. This work summarizes all the relevanbdelling techniques which anticipate the
massive use of present powerful CFD tools. Besidegheoretical assumptions and reduction of
fluid-dynamics equations suggested by pioneers oflamm CFD, the authors reviewed also
structured grid solutions and basic turbulence rwoeglewhich are still the basis of most CFD
software for turbomachinery analysis. Although thesimerical modelling techniques appears
obsolete for a detailed analysis of the interralvl, they may become a useful support to design in
industrial engineering because of the enhancedcddpaf today's computing machines.

More recently, various optimisation techniques sufgal by CFD computations were suggested to
aid the design of axial fans, which are claimegrvide reliable results. However, these results ar
often obtained at the expense of high computatiefiatt and costs. Thus, it is common practice to
perform calculations taking advantage of the peci@ymmetry in azimuthal direction of bladed
passages. In 2002 Lin et al. [6] improved the bldelgign of a high boss ratio rotor-only axial flow
using an optimisation algorithm coupled to an miif neural network (ANN). Performance
estimates were obtained by CFD computations on T&s¢tflow] finite volume solver running on
hexahedral structured grids. The only blade passati®ut tip clearance was solved using the
relative reference flame calculation approach. @duce the computational time (which is not
declared by authors) for the overall optimisatiamgess the grid was limited to 34,875 cells
(75x31x15). In 2007 Li et al. [7] analysed the efieeness of forward-skewed blading for an axial-
flow fan impeller using a genetic algorithm and BERANUS CFD solver coupled to a neural
network. Still, the computations were performedaosingle blade passage, taking into account tip
clearance. The computational domain was meshed 6&fh000 structured cells in a H-type grid,
and the algebraic one equation Spalart-Allmardsutence model was used. Authors did not clarify
the computational cost of the optimisation process,they show numerical results that agree quite
well to detailed experimental measurements. Togtkegimulti-stage axial flow fan, in 2009 Cho et
al. [8] suggested an optimisation technique basethe gradient method. The degree of freedom
for the optimisation process are higher than ietlal. [7]. Only one passage of one rotor and stato
was calculated by the “frozen rotor” motion modsing the CFXI-11 finite volume code to
estimate aerodynamic performance. The authors methat the results obtained by the block-
structured grid used to mesh blade passages aepandent of cells number when more than
200,000 cells are used to discretise the whole ctatipnal domain. The Menter SST turbulence
model was used, and a targétlgwer than 5 was assured in all computations. Nigakresults
showed good agreement with experimental curvesl tfreverestimating performance only slightly,
and efficiency more heavily. Authors declared tbae calculation needs 40 minutes on parallel
processing calculation with four computers of DueUCore 2 E8400 (3.0 GHz), being 250 the
required number of calculations needed to complete@ptimisation process.

On the other hand, many complex computational nsodapported by experimental studies are
suggested in the literature to improve aerodynand noise performance, which focus on relevant
design details of axial-fans. Recently, Corsinaht[9] investigated the effectiveness of tip end-
plates to control leakage vortices within a widerdg on passive techniques for rotor tip noise
control in low-speed axial-flow fans. The CFD arsaly were run on an original parallel multi-grid
RANS equations solver that implements variantsasi-linear ke turbulence model. The rotating
reference flame approach was applied on a gridirdddaby merging two structured H-type grids.
One grid is used for the main flow region surromgdihe blade, the other one for the embedded
mesh in the tip-gap region. The grid of the maowfregion alone counts more than 600,000 cells.

All the above cited CFD models were discretisechgidiexahedral structured grids, being well-
known the poor computation accuracy of tetrahegnals. On the other hand, the time consuming
procedures and the intrinsically high cells numimeolved with structured grids are penalizing
aspects with unacceptable costs for extensive uUSED at industrial level.
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This paper presents a series of CFD analyses abt@-only axial flow fan validated on
experimental tests. The first part analyses theigeity of numerical results to the variation aid)

size and turbulence models. The results of fourarigal models of different degree of detail and
overall complexity are then presented and comptreotal performance parameters data measured
on two different fan test rigs. All computationadrdains were discretised taking advantage of the
innovative polyhedral grid meshing capability oflCEommercial codes.

The work is the preliminary step in the developma&ing design procedure of rotor-only axial-fans
for reliable industrial applications aimed at mimmg computational time and resources in
complex CFD calculations.

THE FAN

The rotor-only ducted axial fan is designed for rsivee inlet flow conditions. The main
geometrical features of the fan are shown in TabBlades are mounted on the hub using a conical
base that introduces a sharp variation of bladtigss.

Table 1: Main features of the fan.

Parameter value

External diameteD 630 mm

Boss/tip ratio 0.35

Number of blades 10

Blade design (theoretical) | forced vortex §s=const.)
Blade thickness/chord 10%

Tip clearance/blade height| 2%

Blade setting angle 30°

Nominal speed 1425 rpm

Experimental test were performed using two test tltgat were built according to the UNI10531
Standard (in agreement with ISO 5801 [10]). Onéheftwo belongs to the B installation category
(free inlet, ducted delivery), and was used fotdagests. Fan volume flow rate is evaluated using
suitable orifice plates, delivery pressure is measuthrough pressure tappings in the duct
downstream of the antiswirl element. The other tast(belonging to category A, with plenum
chamber at the inlet and free delivery) was bult thore accurate tests. Venturi tube is used to
measure volume flow rate, stagnation pressure @iissd in the plenum chamber. Electric
consumption of the motor is measured to evaluage fan efficiency for both the two test rig

The data were acquired by TESTIOmeasuring equipment mod. 452, equipped with 0G3&1
pressure probe which assures 0.5% of measured \lamll accuracy. The resolution and
accuracy of relative humidity sensor were 0.1 atsl @ measured value, respectively. DELTA
thermometer mod. HD2328.0 equipped with K-type riiwrouples provided air temperature with
0.1°C resolution and accuracy.

Fan performance are evaluated through the non dilmeal parameters flow coefficiedt, total
pressure coefficienp and total efficiencyy, which write:
Q p./p P.Q

X Y= = K 1),
D’ (WD) n P (1)
whereQ, is volume flow ratep is fan total pressuré®,, is mechanical power at rotor shadt,and
D are angular velocity and diameter of fan, respebti

Fan total pressure is defined as:
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_ £ ,Q 2
pt_ps+2(A) (2).

wherep is the mass density of fluigs the fan static pressure aAdhe fan outlet section.

GENERAL CONSIDERATIONS ABOUT GRIDS

An inherent problem of structured grids derivesrirthe high number of cells in every zone of the
domain, both where they are needed to capture leffatts and where they are not, with a
consequent “waste” of calculation resources.

In this work the mesh is built using a non struetupolyhedral grid. Compared to a structured
hexahedral grid the degree of accuracy is sliglayer at fixed number of cells, but calculation
resources can be saved using a higher detail ohgrevneeded. On the other hand, compared to
traditional tetrahedral non structured grids theuaacy on physical quantities in a cell is
considerably improved by the higher number of asljacells (often greater than 10). That is why
these grids supply reliable results also in thdysmaof complex domains, and demonstrate to be
suitable for industrial applications where the tianailable for calculations is often limited. All
calculations were performed using the CD-AddpcoFD software STAR-CCM+ v6.02.009.

To reduce computational effort it is common praetic blade rows calculation to accept solutions
obtained by exploiting the azimuthal periodicitysikg this option, polyhedral grid provide the
further possibility of increasing the grid level @étail on annular sectors limited by plane pegodi
surfaces that may also intersect solid parts. &usta block structured approach imposes periodic
surfaces along azimuthal directions, which are rofieery complex depending on blading
characteristics. In fact, to facilitate the struetli grid construction, lateral surfaces at the same
azimuthal level are used upstream and downstreatheoblade, whereas around the blade these
surfaces have radial generatrix which approximatelyjows the blade profile average line.
Commercial software packages are available in thket that include additional modules aimed at
reducing the time for grid construction. Howevéeit use is to be carefully considered due to high
costs for purchase and learning, which are ofteénustified at industrial level.

GEOMETRICAL DOMAINS AND COMPUTATIONAL GRIDS

Various approximations were introduced in the nuoca¢models that were built to simulate the
flow field within the fan. Only one of the ten bkadassages is modeled assuming that the
geometrical features of machine and ancillary comepts remain periodically the same as it is for
the rotor blading. This hypothesis is common to ttinee first domains analyzed here, the latter
featuring real geometrical characteristics. Allshelomains are briefly described in the following.

Figurel: Model M1 domain sections and boundaryates (37,000 cells within the fluid volume enclgsiotor).
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Model 1 (M1)

This geometrical domain includes a meridional te&ar duct with no clearance between blade tip
and external containing duct (see Figure 1). lideset 4 chord lengths upstream of the rotor
(400mm upstream of blade nose). So, the absollbeitsevectors can be reasonably assumed to be
perpendicular to the inlet surface. Domain exisés 6 chord lengths downstream of the blading
(approximately 600mm downstream of blade tail) iden for the blade wakes to be closed.

Model 2 (M2)

This geometrical domain substantially coincideshwitl, the only difference being the clearance
between blade tip and casing. Beside the meshéacssrin Sub-figure 2 (left) show a meridional
section and two circumferential planes which lithié volume conventionally indicated as “rotor
volume”. Sub-figure 2 (left middle) shows a detaithe geometrical model around the blade tip.

Model 3 (M3)

The meridional geometry is modified in this modebrder to be closer to the real one (Sub-figures
2 right). The electric motor set upstream of thrand the bell-mouth entry provided to facilitate
the air flowing towards the machine are includedbsS section of the plenum chamber is much
bigger than that of the fan delivery section inesrtb agree with test rigs dimensions defined by
UNI 10351 Standard [10].

Figure 2. Model M2 domain sections and boundaryases (left) and tip clearance detail (left middisodel M3
domain sections and boundary surfaces (middle )jgimnd blade root detail (right).

Model 4 (M4)

Starting from an opposite idea to the search ofitail, a very rough grid was built in this model,
which is able to include all elements that wereleetgd in the previous models (Figure 3). The
domain describes the assembly presented abov&I@prvith the inclusion of motor supports and
electric cable box which were neglected by all pres models.

Figure 3. Model M4 — geometry (left), domain sueacesh (middle) and whole grid section (right).
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PHYSICAL AND NUMERICAL MODELS

Fluid is modelled as incompressible air due to fdre low pressure ratio (density and dynamic
viscosity are kept constant to vajue 1.226 kg/m andi=1.78 10° Pa s, respectivly).

Boundary conditions pairs imposed at inlet/outiefaces pair were mass-flow inlet/pressure outlet
and total pressure/mass-flow outlet in models @ &4, respectively. Models 1, 2, and 3 featured
periodic and slip-wall conditions at azimuthal ander/outer radial boundaries, respectively, if
present. All the solid surfaces (blading, hub, mgsmotor, etc.) were modeled as smooth walls.

In all simulations Reynolds equations are “closeding different type of two-equations k-
algebraic model. Uniform turbulence intensity (1)58ad length scale (90mm), respectively, were
imposed at the inflow section of all models. As lakped in the following specific sections,
standard log-law wall function was used for thedgsensitivity analysis, whereas shear driven
Wolfstein [12] near wall treatment was used fobtdence model sensitivity analysis and for final
calculations when both near wall grid density aradlw" were in the proper range. Table 2 shows
the main physical and numerical characteristigheffour models used in the final calculations.

The steady-state calculations (models M1, M2 ang M&re considered to converge when the
monitored local and total parameters do not changeiterations and all the normalized residuals
of scalar equations solved become lower thaf. Tome step used in model M4B correspond to
3deg of rotor motion. Models M4 calculations wemngerrupted when fan performance parameters
and other local fluid-dynamics monitors showed tamisor periodically repeating values.

Table 2: Main characteristics of the present models

Model 1 | Model 2 Model 3 Model 4 A/B
Turbulence Realizable ke two-layer [11]
Motion Stationary relative reference frame Stationary nraference-frame /
model moving mesh
Solver Steady Segregated Steady / Unsteady Segregated
Advection 2"% order upwind
Time scheme - | - | T order Euler implicit
Algorithm SIMPLE-type
Computation 20hr (CPU i5- 24hr (CPU i5- 4/ 30hr
time 2430m 2.4GHz) | 2430m 2.4GHz) (CPU Pentium 1.6GHz)

GRID SENSITIVITY ANALYSIS FOR MODEL 1

The search for mesh independent conditions is noeasy task, depending not only on the
guantities involved but also on the choices of pdalamodels and numerical schemes. This search
is performed considering:

a) Parameters of performance of the entire machieetotal pressure and efficiency, in order to
find the minimum number of cells required to evaduidne overall fan performance;

b) Lift and drag coefficients of the blade sectiapproximately located at one-third and two-thirds
of blade span (i.e. at radii 1770mm and 250mm), rishen to find the minimum number of cells
required to evaluate local blading performance.

The analysis was performed using M1 because irffiee highest detail at fixed cell number.
Operation conditions are: maximum efficiency, riotiaél speed n = 1425 rpm; volumetric flow rate
Qv = 4.2288 m¥s. A prism sub-layer is used in all calculatiobe domain is sub-divided into
three regions: upstream, rotor and downstream.hén upstream and downstream regions the
number of cells was kept approximately constanteunttie assumption of well uniform and
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distributed motion. The grid is instead progredsivefined close to the rotating region to make the
reduction in cells dimension progressively higher.

The first series of simulation runs was aimed atl@ating the sensitivity of model results to grid
size. Physical models, numerical schemes and targiety” were kept the same in all runs, while
progressively refining the mesh at each step breasing its density of a factor 8. Accordingly, the
spatial level of detail is doubled in two successiuns. Thus, starting from a rough grid of about
7,500 cells, three successive refinements of 37,800,000 and 2,250,000 cells within rotor fluid
volume, has been tested, respectively. The Starkdarturbulence model including the standard
log-law wall function was used. The 2-cells prismbgayer keeps the value of wall glose to 30.

Figure 4 compares the results for various grichexfients. Diamond and square markers connected
by dotted lines are referred to successive refimsnaliscussed above and indicate local
aerodynamic parameters (a and b) and total perfozenparameters (c and d), respectively. The
reference sections used for total performance petens calculations were places 25mm upstream
and downstream to volume swept by rotor bladingthBihvese parameters show the expected
asymptotic trend. It is apparent at a glance thatfirst two grids (7,500 and 37,000 cells) are not
sufficiently dense, whereas the last one (225,08(s)cis certainly too dense due to the long
calculation time required (48 hours on 4 threadSHN i5-2430m 2.4GHz CPU). But appreciable
differences can still be observed comparing thatswis obtained using 300,000 and 225,000 cells.
So, an additional series of simulation runs werdopeed using intermediate numbers of cells
(450,000, 610,000, 810,000, 1,200,000). The reandtshow by circle markers in Figure 4.
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Figure 4. Profile lift (a) and drag(b) coefficient®tal pressure coefficient (c) end efficiencyddainst cells number in
the rotor volume

These intermediate runs show that the trend of ghgormance quantities is not properly
asymptotic and that the 2,250,000 cell case castnmtly be declared independent of a further
increase in the cell number. However, it appeaia above 610,000 cells in the rotor blade channel
the variations of all performance parameters isegsinall, with the only exception of the total fan
efficiency. These variations are considered actéptimr the scope of the present analysis so that
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the 610,000 cells grid is considered the limit bedovhich results are independent of grid
dimension. On the other hand, the still significaatiations of the total fan efficiency beyond
610,000 cells indicate the need for further incesas the number of cells in the zone downstream
of the rotor in which the flow undergoes frictionasses generated by strong non-uniformity.

TURBULENCE MODEL SENSITIVITY ANALYSIS FOR MODEL 1

Simulation results obtained for Model 1 using than8ard ke turbulence model are compared in
Figure 5 with those obtained with Realizables lend two-layer Realizable &-models. The
comparison is limited to meshes including 450,00®,600 and 810,000 cells. Performance
parameters obtained using Realizablerkodel of Shih [11] are always lower than thoseawt&d
with the ke Standard model, the more significant differencemdp associated with total fan
efficiency. The Wolfstein [12] near-wall low-Reynisl sub-model was considered to further
enhance the solution accuracy of non-lineat #ianks to its more sophisticated calculation
procedure close to the wall. Thus, in the two-laiRealizable ke calculations the prism sub-layer
close to the wall was modified in comparison whie two previous cases. The overall thickness of
3mm was obtained for the sub-layer grid, which &dm up of 12 cell layers in which the ratio
between the thickness of two adjacent cells is TiRis the cells height close to the wall were
considerably reduced (up to one tenth of millimeterget y+ values close to the unit (or, in any
case, lower than 10). Because of this local gritheenent the total number of cells in the rotor
volume has increased up 690,000, 910,000 e 1,160,00
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Figure 5. Local lift (&) and drag(b) blade sectioaefficients, total pressure coefficient (c) anthtefficiency (d) for
different turbulence models against cells numbeh@rotor volume

As it appears from Figure 5a-b, the trend of tfteaind drag profile coefficients appears to beauit

different from the two previous cases (diamond reeskconnected by blue lines). However, by
neglecting the above mentioned increase in the eumitcells close to the wall, and associating the
results with the cells number of previous calcuolagi having the same cells number within the blade
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channel core (square markers connected by bluedidties), the trend are very similar to the
previous cases, although lift and drag profile Gioeints are higher at higher radius and lower at
lower radius.

In conclusion, an increase in the accuracy of tineulence modelling does not result in significant
variations of the local aerodynamic performanceapueaters, whereas it has a more important
influence on the total performance parameters angarticular, on the total fan efficiency (see
Figure 5c). On the other hand, we expect that tiileidnce on the aeraulic efficiency is not
important because of the similar aerodynamic Igmatformance, while it is significant on the
dissipations within fluid volumes upstream and dstregam of the blade channel.

Table 3 summarises the main features of the corpuoéh grids selected for the models after the
grid and turbulence model sensitivity analyses.

Table 3: Main data of the different mesh models

Region Modd 1 Mode 2 Model 3 Model 4 A/B
Upstream rotor 30,000 41,000 37,000 35,000
Rotor 910,000 893,000 900,000 238,000
Downstream rotor 70,000 96,000 263,000 34,000
Total 1,010,000 1,030,000 1,200,000 307,000
prismwall layers 12 12 12 2

Rotor wallsy” <10 <10 <10 <80

COMPARISON BETWEEN MODELS AND EXPERIMENTS

A series of simulation runs were performed to espline performance predictive capability of the
presented numerical models. The two-layer Realez#édd turbulence model was selected in all
simulation runs. The implemented version of thigleldncludes a check on the local wallwalue,
which automatically switch to the Realizable k- the near wall grid is not refined enough. This
happens in Models 4A and 4B because of the bigger dimensions near wall boundaries.

Figure 6 compares the non-dimensional performandetatal fan efficiency predicted by the five
models to measured data. The black triangle mankicates the design condition predicted by M1,
i.e. the performance of an ideal rotor withoutdiparance and any other loss due to inlet and hub
characteristics, electric motor and other ancilleoynponents. The triangular markers connected by
a blue line indicate the performance curve obtaibgd2. The drops in the design value of the
total pressure coefficient and efficiency compaeil1 are about 7% and 4%, respectively. These
losses appears to be only slightly overestimatetth wespect to the experimental measures by
Kahane [13], whereas they are almost twice as ntliobe suggested by Wallis [14]. It is worth
noting that total performance predictions by M2ha range of fan stable operation remain between
the two experimental test rig measurements, degpigtill high degree of idealization. On the athe
hand, the prediction in the unstable zone operasiapparently not reliable.

Instead, Model M3, which was expected to provideare realistic approximation of the actual fan
behavior, underestimates both performance andiesifty. However, M3 captures better than M2
the maximum total pressure and maximum efficienloyvfrate values when referring to the
experimental results obtained by the test rig dégary A, which are expected to be the more
reliable ones.

The rough grid approach of the multi-reference-gamodel M4A (squared markers) supplies a
total pressure coefficient even more underestimdteah that provided by M3, being the
performance curve trend of the two models verylsimn the stable range of fan operation. On the
other hand, the performance predictions in the alohstoperation zone agree quite well to the
experimental data measured in the test rig B. M@@eoM4A provides better estimates of fan
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efficiency than M3 in the whole operation range er@d by experimental measurements, and the
efficiency curve around nominal flow rate almosedaps the M2 estimates.

Finally, the M4B moving meshes approach improvespérformance prediction obtained by M4A,
so that the same underestimation level of M3 in dtable operation zone is achieved. The fan
efficiency estimate of M4B agrees quite well witkeasurements of test rig A within the whole flow
rate range.
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Figure6. Comparison of calculated and measured tedal pressure (left) and efficiency (right)

CRITICAL COMPARISON BETWEEN MODELS

Figures 7 (left) and 7 (middle) show the tangerdiadl axial velocity ratiosc¢ and>a) along the
non dimensional radial coordinake(local/tip radii) one-quarter blade chord downatneof the
rotor blading resulting by M2 and M3 calculatior@thp at maximum efficiency flow rate. Velocity
values are divided by the upstream rotor bladinglaxelocity to make them non-dimensional.
M4B velocity distribution, which is not shown fordvity, proves to be smoother than M2 and M3
ones due to the averaging forced by grid coarsemgsspite the satisfactory prediction of total
performance parameters by model M4, sometimes leettar than those by M2 and M3, it is worth
noting that the local features of the flow fielcdband the rotor blading are not suited for design
detailed analyses. In fact, the high tangentiabeigy ratio combined to the low axial velocity Kati

in the near tip region predicted by M2, clearly gests the aerodynamic stall of near tip blading
profiles. The undulation of the axial velocity majust away from rotor hub, provided by M2 is an
evidence of the wake flow due to the flow blockaug#uced by the conical pin which staggers the
blades to the hub, as well. The roughness of theghitd gives less clear indications about these
occurrences. On the other hand, electric motor amdllary components prove to modify quite
significantly the local velocity distribution acmosrotor blading. In fact, the axial velocity
distribution calculated by M3 shows a shift of theough flow towards higher radial position. This
occurrence, also captured by M4, moves the statetblade tip towards lower flow rates because
of the higher axial velocity around the tip regiwhich drives to more favourable incidence angles.

Finally, it is worth nothing axial velocity modiftions within the annulus upstream of rotor
blading due to interference of motor and bell-moatttry. In fact, Figure 7 (right) shows axial
velocity ratios one-third blade chord upstream abr blading which results from M2 and M3
calculations. It is apparent that the arbitrarytewrrotor blading design hypothesis suggested by
many authors (see, e.g. Downie et al. [15]), wisigttes the uniform distribution of axial velocity i
the annulus before rotor blading, is actually rtatsgy verified, in particular when upstream rotor
components like motor or bell-mouth entry are takea consideration.

In summary, if we assign a “scientific computatibinaex” equal to 100 to the computational effort
required by one calculation at research level (here than 1,500,000 cells) in looking for the best
trade-off between model accuracy and overall corifylewe can conclude as follows.
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- Model M1 does not match industrial requiremeirstact, the computational cost appears to be
disproportionate to the level of agreement with saeed data. Thus, M1 looks unsuitable both for
detailed analyses and preliminary design, evehdfresults obtained using less refined grids that
reduce up to 40% the computational cost may beideresl acceptable.

- Model M2 can be applied in the last design stefoie fan prototyping because of the reliable
estimates of fan performance and efficiency indperation range around best efficiency point at
40% of the scientific computational index.

- Model M3 is the best suited to detailed bladimglgsis because of the reliable computation of
local flow field at 50% of the scientific computaial index. However, it cannot be suggested in fan
performance analysis because of the significanergsimation of experimental data. Moreover,
due to the high computational cost, M3 applicatoroptimization techniques has to be limited to
the improvement of design details of existing Sohg which have already reached satisfactory
performance.

- On the other hand, optimisation techniques aiethaximising fan performance in the whole
operation range may take advantage of the quickbk ksponse in predicting the overall range of
fan operation (about 17% of the scientific compotadl index).

- Model M4B appears suited to support the prelimjrdesign step in the exploration of new design
potentialities. In fact, each fan operating comditalong the characteristic curve is calculated in
good agreement with experimental data at about &0@te scientific computational index.
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CONCLUSIONS

A numerical assessment of a rotor-only low bosm raxial fan performance with validation on
experimental data was presented. The paper shatswinen the analysis is carried out at the
maximum level of detail, more than 1,500,000 catks needed to get reliable results for each fluid
volume containing the impeller blade channel.

When, instead, industrial applications are congder

- Meshes with 600,000 cells are acceptable whenemtions one-layer turbulence models are
used, the two-layers ones requiring 200,000 adtitioells.

- Fan performance and efficiency are underestimbyedxtremely detailed geometrical models of
the blade channel that overestimate frictionaldess

- Precise predictions of fan performance are obthiny the idealized meridional blade channel
calculations when the blade tip clearance is cameitlin the model, also because of the counter-
acting effects of the excessive dissipation prediet blade tip and the idealized geometry.

- The numerical prediction of the flow field immatily upstream and downstream of the rotating
blades is very sensitive to the degree of ideatinadf the meridional geometry. Thus, a detailed
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description of all important geometrical featurdsfan is required for a detailed blading design
analysis, although it leads to a less precise ptiedi of total fan performance parameters.

- Rough grid models of the entire fan (about 200,86lls in the fluid volume surrounding the

rotor) including all the geometric features and thalizable ke turbulence model, underestimate

the total fan performance but predict with suffiti@accuracy both the total efficiency and the trend
of the characteristic curve also in the unstablerajing zone.
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