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This paper investigates two simplified methods tdE  heat exchanger
model axial flow fans in a multiple fan operatinginlet inlet plane just in front of fan
environment using computational fluid dynamics!0ss  loss coefficient

(CFD). The application of the two methods are- f ”ﬂf
explained and illustrated, after which they are'® irr?ﬁiriteynce

. . o0
applied to a multiple fan CFD model. The CFDL- tensor subscripts
results are compared to experimental results 19y,  cartesian coordinates
illustrate the applicability of the methods. It is
concluded that the simplified presentation of aniak 1. Introduction
flow fan is particularly helpful in predicting the In power plant steam condensers, the cooling medaimis
system volumetric effectiveness of multiple fablown across finned tube bundles using a large efiam
installations  subjected to adverse inlet flowaxial flow fan (see figure 1).
conditions, particularly during windy periods.

Additional Keywords: Air-cooled, array, pressure jump,
steam condenser

Nomenclature

c chord length [m]

C dimensionless force coefficient

D diameter [m]

f volumetric force term [N/f)

H fan unit platform height [m]

K dimensionless coefficient

n number of fans per row

n number of fan blades

p pressure [N/rfj Figure 1. Sketch of an A-frame air-cooled condenser

r radius [m]

t time [s] Direct dry-cooled power stations, favoured in arid

u absolute velocity term in momentum equation [m/s]regions because of their relatively low level of teva

\% volume flow rate [r¥s] consumption, are equipped with large horizontahysrof

% absolute velocity [m/s] steam condensers and axial flow fans. The wothfgest

w relative velocity [m/s] direct air-cooled power plant currently in operatibas an

X distance in Cartesian coordinates [m] array of 288 axial flow fans, 9.1 m in diametecdted 45 m
above ground levEl Operating axial flow fans in an array

Greek Symbols format causes additional, and often unaccounted; libsses,

a angle of attack [°] due to non-ideal flow patterhs Poor performance of the

p flow angle, relative to plane of rotation [°] fans located near the edges of the array has Hesamed in

b} force [N/m] large power plants, particularly during windy pelsd”.

Y| delta The horizontal orientation of the fan array meahat t

1% circumferential angle [°] flow enters the volume underneath the array frodirection

p density [kg/m] that is perpendicular to the “designed” flow difentof the

T shear stress tensor [Nfm fans. Inlet flow separation occurs at fans tha lacated
near the edge or periphery of the array, whileaxdt inflow

Subscripts occurs widespread through all fans installed inattray” °.

ave average over fan plane of rotation Various methods have been used to model axial fiow

D drag arrays in computational fluid dynamics (CEB) The most

= fan accurate would be an explicit method which modieés fan

fan ss fan static-to-static blade geometry in full detail. Since the distortidet

fan ss' fan static-to-static with inlet loss conditions as described above are asymmetricalulla f

360° CFD simulation of the fan would be required.
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perpendicular to the blade surface are requiregddolve the

flow around a single fan blade, a fan with eighadgs g =1p|Wm|2CLC Q)
would require about 3.8 10° cell volumes just to resolve 2

the flow around the individual fan blades. The wude
simplified, implicit models of axial flow fans thaimulate
the effect that the fan would have on the flowdishould
therefore be considered when modelling multiplebftow

fans as part of a larger plant installation. Thiiator disk

and pressure jump methods described in this docuaren . .
two such simplificatiorts based on an angle of attagck Using the methods detailed by

This document investigates and compares the atr:tug{)eclelfL the coefiicients were determined from two-

disk and pressure jump methods. Both methods wi I ensional CFD simulations of the specific blaget®n,

: : ; .. Wwith the results shown in figures 3 and 4. It dticae noted
validated by comparing single fan performance ptaatis : ) :
with actual test data. After validating single fa|11hat W, is the average relaive velocity, composed of

performance, the methods were implemented in CREITEEUERE BT R0R AT O ont
simulations of multiple fan installations. Thesmglations y (

were compared with the empirical prediction modslikd form ignores radial flow).
by Salta and Krogét

5 =5 Al Coc @

The lift and drag coefficients are the same aseluften
given in literature for standard two-dimensionafal data

Two fan designs are considered in this documertie T <
first is an 8-bladed industry-standard cooling faferred to L A~
as the “A-fan”, and has a hub-to-tip ratio of 0.15he

N LIS\

second fan is also 8-bladed, but with a hub-todtp of 0.4 / 1
and is referred to as the “B-fan”. Fan diametefsired to
in this document would be either test size (1.54P am
installed size (9.145 m).
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2. The Actuator Disk Model (ADM) ) i yo\]g/ % \Ugo
2.1 Description
The actuator disk axial flow fan model, as used tfese -t
simulations, is based on the model described byeviand Angle of attack a []
Kroger. This particular actuator disk model simulates tirigyre 3:
effect of the individual fan blade elements on fibev field
by using the lift and drag characteristics of thedb profile
(see figure 2).

So /\\

Correlation of C, and Cp vs. angle of attack
(a) for A-fan blade profile

9
z

1.5 4

5 a S A N /NN
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Angle of attack a [q

Figure 4: Correlation of C_ and Cp, vs. angle of attack
(a) for B-fan blade profile

Fan rotation{ 8

Once the forces acting on the air stream are kntvese
are transformed into volumetric source terms thet a
inserted into the equation for linear momentum:

Fan axial flow { 2)

Figure 2: Side view of fan blade element’

Each fan blade is subdivided into radial elements

(corresponding to the mesh spacing of the CFD nyodel f, —@+i(‘rij)
The lift and drag forces per radial element lengttblade 2
acting on the flow are calculated using the follogvi _0 0 3
equations: —a(pui)+&(pquj) )
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where
f, =-—' (5 sinB+dy cosB)sing
21Ttz
f, == (g, sinB +J, cosB)cosh
21Tz
f, = —ﬁ(@ cosB+d, sing)

To investigate and validate the actuator disk model
three-dimensional CFD analysis of the fan, inside test
facility, was conducted for its full first quadranperating
range (zero flow point to zero pressure point).e §eometry
for the simulation was compiled in Gambit versiod.20. A
typical lay-out of the geometry and the mesh detalil
surrounding the actuator disk is shown in figure 6.

The total number of cell volumes in this mesh shamn
figure 6 was 650 000. The mesh was generated wsihg
hexahedral elements to facilitate the structuregr@gch
required by the actuator disk method. The actudisk

The actuator disk model is incorporated into theDCFmethod requires the cell volumes in the centre thsinatch
model using a user-defined subroutine where thecsouthe radial and circumferential location of the refee cell
terms are calculated using equations 1 to 6, basedvolumes in the up and downstream disks. The meskity
velocities extracted from the CFD-simulation (ndtat the upstream of the rotor was higher than downstreanthef
angle @ is defined in thexy-plane according to the right-rotor to account for flow variation due to the mese of the
hand rule). The forces exerted on the flow fielde asolid rotor hub.

calculated for each cell located in the actuatek,dbased on

An investigation was conducted to evaluate theceféd

the flow conditions at corresponding cells upstreand the refinement of wall cell volume height on theside

downstream of the disk.

2.2 Validation of the actuator disk model

surface of the bell mouth fromyd value of 300 to 30 and it
was found that this had a negligible effect on rbsults (at
the design point it had an effect of less than O®6n the

The CFD-results obtained using the actuator disideho value of fan static pressure). To evaluate thecefof the
were compared with fan test results compiled bgrits and overall mesh size on the CFD results, adaptive mesh
Von Backstront® using a type-A fan test installation, agefinement performed on each of the discussed fadeis,

defined by the British Standards 848ee figure 5).

Settling chamber

Inlet Auxiliary fan

—> [ i

Test fan and bell mouth

Figure 5: BS848 fan test facility, type-A

Mass flow Inlet

Constant pressure outlet
Zero slip wall

1

FLUENT 6.2 (3. segregated. rhe)
Bellmouth — .

Actuator disk

Hub

l FLuEeTs3 g o)

Figure 6: CFD geometry and mesh

showed that when increasing the number of cell mels
from 650 000 to 1 000 000 the fan static pressafteevat the
design point changed by less than 0.5 %

The simulations modelled the BS 848 fan test fagili
using FLUENT™ version 6.2.16. Although Meyer and
Krogert used the standard &+turbulence model in their
actuator disk model (ADM), it was decided to use th
realizable ke turbulence model because of its ability to solve
axisymmetric jet flows more accurately, as repoltgdShih
et al’®>. The realizable k-turbulence model and QUICK
interpolation scheme were subsequently used foCRID-
simulations.

The results from the analyses, compared with the
measured test data for the B-fan, are shown indiqu(bear
in mind that the realizable «turbulence model was used in
all simulations). The graph also includes the ltssfor the
pressure jump method (PJM) which are discussed in
subsequent sections of this document.

400 ‘ ‘

— Measured
A Simulated ADM
¢ Simulated PIM

200 A fan (Stinnes(1998)) \gx\
Blade angle: ypt = 16° @
1BS848 (1997) Type A },\
| |Fan diameter: 1.542 m

Density: p = 1.2 kg/m?3
50 -{Speed 750 RPM L

w
a
o

w
o
o
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Fan static pressure [Pa]
=
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Volume flow [m3/s]

Figure 7: Fan static pressure curve, B-fan
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This analysis shows that the actuator disk does not To translate from the total-to-static to the stabiestatic
represent the operation of the fan correctly atvfl@ates curve, the total pressure measured in the settdhmgmber
below 8 ni/s (possible reasons for this are discussed at tieeds to be converted into a static pressure \dileetly
end of this paper). The validation was repeatedHe test- upstream of the fan rotor mid plane (fan rotatitemp) (see
size A-fan. The test results were once again cleady figure 9Y.

Stinnes and Von Backstrdi The results from the analysis
are shown in figure 8. T

Similar to the B-fan, the results obtained for #hdan :‘/ Total pressure in
correlate well within the normal operating rangettud fan. _‘/ settling chamber
A larger number of cell volumes were required todeldhe | -gimosphara~ :

A-fan to accommodate the effect of flow recircwaticlose  * _behind fan_..’ [;]
to the hub due to its much smaller hub-to-tip ratio — |
—.\ Static pressure

-~ -

600 [ [ ! in front of rotor
= —— Measured : mid plane
a, 500 o A Simulated ADM | |
() .
5 400 © Simuated PIM | Figure 9: Conversion of pressure value
[%] A A A & N
(&)
% 300 | M5z ran Gimesos) ] % A 4" order polynomial equation for the “fan static
2 g0p | |220 ande: vor = 32° pressure” curve was obtained by fitting a curvehe test
] BS848 (1997 Type A \ data of the 1.542 m test fans shown in figures @ @&n To
E 100 1 Density: p = 1.2 kg/m? o~ convert this curve to a static-to-static pressuneve, the
Speed 750 RPM s dynamic pressure, based on the average annulapeéd in
0 | w the axial direction, in the fan rotation plane,added as
0 5 10 15 20 25 follows®
Volume flow [m3/s] 1
— 2 3 4 2
Figure 8: Fan static pressure curve, A-fan AP fars = AFDV HCVEHAVTH VT4 e (7
3. The Pressure Jump Method (PJM) To provide for bell mouth inlet losses in frontthé fan,

a loss factor, as defined by IdelcHikwas added to the

3.1 Description equation as follows:

The pressure jump method utilises a static-toestatessure
increase that occurs at the location of the faatian plane. , 1 2
The static-to-static pressure jump is derived frane A farss = 4P fansS’LKIOSSE'O‘/inIet
standard “fan static pressure” curve, as obtaimech fthe
fan supplier or standard fan performance test’data is Idelchik'” specifies a value of 0.07 for the loss factor. It
important to note that the “fan static pressurelluga should be noted that the velocity related to ttss ifactor in
specified by the supplier are actually fan totastatic €quation 8 is the axial velocity based on the arfethe fan
pressure values and therefore require conversiofiano duct only and does not consider the area of the hub
static-to-static pressure values.

Although implemented on a per-cell basis, the vaifie 3.3 Validation
the pressure jump is based on the average velthriygh The same geometric CFD model, boundary conditions,
the fan annular area and neglects the local comdif the turbulence model and differencing scheme that vezsl do
flow fan as well as the local properties of the feompared simulate the actuator disk model was used to vidae
to the actuator disk model where the value of therce pressure jump method. The cell face region whée t
terms vary according to the flow field and fan Madpressure jump would occur represents the rotor phacie
properties). The validity of using the pressumagumethod (see figure 10). The effect of the fan is impleteeinas a

(8)

is discussed in further detail in section 4. pressure gradient in the momentum equation (equéijo
applied to the upstream and downstream cells shimwn
3.2 Calculation figure 10. The pressure jump is added to the sitiod

As mentioned in section 2, fan supplier data, asidsr air- model by programming a static pressure versus alakity
cooled power plant steam condensers, are often itempCurve into FLUENT™'s standard “fan” internal boumga
using a BS 848 type-A fan test installation. Then f condition. . _ . .
pressure data is calculated from an average stegigsure A typical CFD simulation using the pressure jump
value that is measured in a plane, relative to afthere, in method ran about 10 % faster than the same sironlatith

a settling chamber, 1.25 fan diameters upstreamm filoe an actuator disk model.

fan. The test standards specify that the stateEssure The correlation achieved between the measured and
measured at this location may be assumed to ehedbtal Modelled data within the normal fan operating ramgses
pressure in this location, because of the relatiwhall €xcellent for both fans (see figures 7 and 8).

axial velocity valu&”.
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/ Upstream cells

/ Downstream cells
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[\ 1

Rotor mid - and
pressure jump plane

—

Figure 10: Application of pressure jump method

4. Application of the ADM and PJM

To investigate the performance of axial flow farags with
varying degrees of distorted inlet flow, the effeet
platform height of the installation, as modelledtire CFD
simulations, was varied. By doing this, the crdiesv
velocity and consequent inlet flow distortion ilrft of the
fan could be adjusted.

Hotchkiss et al® and Stinnes and Von Backstrim

found that under off-axis inflow conditions (noteat for

its static-static operating curve obtained undandard test
conditions.

4.1 Single fan computational model

To simulate the performance of an axial flow fandemn
installed conditions, a single fan row section ofaér-cooled
condenser was modelled in CFD (see figure 11).

Total pressure

AN

Static pressure

Heat exchanger

A

i
it

Decr, 28
FLUENTS G, )

off-axis inflow the cross flow velocity is the same

everywhere) the “fan static pressure” is reduced
magnitude by the dynamic pressure associated vhi¢h
cross-flow velocity component immediately upstreainthe
fan. The cross flow velocity component affectsyotiie
static pressure in front of the fan and not thei@ctalue of
static-to-static pressure increase. This is aiteith to the
fact that the effect of the cross flow velocity the relative
flow angles and velocities over the fan blades ctiffely

ngure 11: Side view of computational domain and grid
t for single fan row

The fan unit was modelled to consist of a bell rhout
inlet, axial flow fan, plenum chamber and heat exajer.
The model had a total pressure inlet boundary 200 m
upstream, on either side of the fan row and acstatssure
outlet boundary 2 m downstream of the heat exclrafsgpe

cancels out when considering fan blades running °180gure 11). The analysis focussed on the inle¢aff only.

apart, with and against the direction of cross flow

Since the static-to-static pressure increase isgeddent
of inflow angle, the pressure jump method shouldldyi
accurate results when analysing fans subjectedftaxis
inflow. When considering flow separation that ascin
front of the fan rotation plane, the fan would éoll its
static-to-static operating curve as long as thea aoé
separation is such that similar inlet flow condisoprevail
over an angular section of the fan annular spaiee fact
that the pressure jump method is based on averalgess
does however mean that the flow conditions dowastref
the fan would not be correct.

In principle it can be expected that, if any dewviator
distortion of inlet flow occurs uniformly over amgular
annular section of the fan rotation plane, thevi@dhfollow

R & D Journal of the South African Institution okEbhanical Engineering 2010, 26, 12-20

No provision was made in the model for possible
recirculation of the exhaust flow. The model withe
smallest platform height made use of 450 000 caiimes.

To investigate the effect of mesh size, this valuas
extended to 700000 volumes using adaptive mesh
refinement. This had an effect of less than 0.bf6the
simulated value for air mass flow rate throughftire

The single fan simulations were based on an imstdtin
diameter of 9.145 m. Both the A-fan and B-fan rieered in
section 1 were considered in these simulations. e Th
installed-size operating curves for these two favere
obtained by scaling test data obtained for 1.54@ameter
fans. A comparison between the above two fan aurve
shows the B-fan having a much steeper “fan stagsgure”
curve than the A-fan (see figure 12).

16
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Figure 12: Comparison of fan curves

The heat exchanger shown in figure 11 was modeaked
a porous region with resistance properties givethby
equations from Bredéft

9)

The above equation for system resistance, coupléuet
fan characteristics of both the A-fan and B-fanngsither
the actuator disk or pressure jump methods, coorefpto
within 2 % of a reference flow condition of 656/m The
CFD model made use of the realizable kxodel and the
QUICK interpolation scheme.

Dpye = 4132315107V 2 +5.62948410°2V )

4.2 Multi-fan computational model

To simulate the performance of multiple axial fléans, a
2-fan section of an array of air-cooled condensses
modelled to represent a 4-fan row of fans insidiarge
array of air-cooled condensers (see figures 131dnd The
model with the lowest platform height consistedc60 000
cell volumes. Increasing the number of cell volsme
900 000 using adaptive mesh refinement had a 2anélb
0.5 % effect on the simulated value for air massvftate
through the outer and inner fan respectively.

2-fan unit

Periodic boundary

Symmetry plane

2-fan section of an air-cooled condenser
array, viewed from above

Figure 13:
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Total pressure boundary

7

Static pressure boundary

\Heat exchanger
\ Symmetry

plane

—
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[
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Deolt, 208
FLUENT 6.3 @0, pons. )

Figure 14: Side view of computational domain and
mesh for 2-fan unit

4.3 Installed fan experiments

Salta and Krogéf describe a set of experiments where the
effect of platform height on the performance ofthatsingle
row and a multiple axial flow fan installation were
investigated. These experiments were based onasjmi
earlier work done by Russel and Peachefigure 15 shows

a picture of the experimental set-up for three féie
number of fans in the system could be adjusted).

The CFD results were compared with an empirical
correlation derived by Salta and Krotferto express the
volumetric effectiveness of the installation asuaction of
dimensionless platform height as follows (Salta and
Kroger):

(V/Ver )system= 0.985- expl ) (10)
whereX is the dimensionless platform height:
X = 4.882xH (11)
De
for a single fan row and
_ [L+45/n)xH 12)
635x Dg

for a multiple fan row. In the above equationss the total
number of fans per row is the platform height anB¢ is
the fan diameter.
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(A-fan, actuator disk model) and a minimum of 5 Béefén,
pressure jump method). This can be attributed ¢dlithited
range of application of the simplified fan modelas (
discussed in section 6).

1
| —
Py
2 09 &/
o — Salta
5] o A-fan ADM
= 08 -
5 & B-fan ADM
£ x  Adfan PIM
! ~ — o 0.7 N —
D 06
[ g 0.6
3
. . o
Figure 15: Experimental test set-up > 05
0.4 T
5. Results . ) i . . ] b

5.1 Single fan row correlation

The numerical results obtained for volumetric effemess
vs. platform height for both the A and B-fan sinfd@ row Figure 17: Multiple fan results comparison
unit were compared with the experimental correfataf

Salta and Krogéf. The results of the comparison ar®.3 Edge fan separation

Dimensionless platform height

shown in figure 16. Viewing CFD-results of the multiple fan simulatian a
plane through the centre of the modelled geometng,
1 w . . . 4
[ /4'—r’ occurrence of separation on the inlet side of thgeefan is
%09 }/ | clear. A vector plot of the predicted separatiorfront of
4 2/ ——sSaka the edge fan (simulating the A-fan), predicted gsthe
s o AlanADM | | actuator disk model, is shown in figure 18.
5 a Bfan ADM
% 07 x AfanPIM | |
P / x Bfan PIM o
"3 06 270+
£ 2o
5 .
Qo5 | o
0.4 : : i
0 2 4 6 8 10 12 14 :iz:
Dimensionless platform height IE ST
Figure 16: Single fan results comparison v == Inlet side separation
Figure 16 shows that the numerical results for botgll o= = = e S
methods correlate well with the experimental valoeSalta 1mm !—“
and Kroger at all the platform heights that wemadated
(within 59%). The biggest difference in resultsisgxat | "ot o P

moderate platform heights where the actuator diskhod ] ]
applied to the B-fan calculates a volumetric effamtess Figure 18: Edge fan separation at low platform height
that is 4.4 % higher than the value predicted blyaSand (actuator disk)

Kroger™® _ _
Another vector plot of the predicted edge fan safiam

5.2 Multiple fan correlation using the pressure jump method is shown in fig@re 1
The numerical results for both the A and B-fanag-finit When comparing the extent of separation occurrirtge

were again compared with the experimental coraiatf inlet of the edge fan for figures 18 and 19, isi®wn that

Salta and Krogef. The results of the comparison arthe pressure jump method predicts a larger volurhe o
shown in figure 17. separation in front of the fan. Secondly, the ratof the

The numerical results for both methods again catee| flow patterns downstream of the fan displayed gy résults

well with the experimental values of Salta and KnéYat using the actuator disk model is more intricate hwit

moderate to high platform heights (within 2 %). very distinctive recirculation zones visible after thenf The
low platform heights however, the numerical resuitsier €Sults for the pressure jump method do not dispilaysame

predict the experimental values by a maximum of40 "e€circulation zones downstream of the fan.
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Figure 19: Edge fan separation at low platform height
(pressure jump)

6. Conclusion
6.1 Test fan simulation
Two simplified methods to simulate the performarafe
axial flow fans were investigated. It is shown ttteth
these methods can simulate fan operation accurategn
replicating the fan performance curve within itsrmal
operating range. The number of cell volumes remglio
represent the operation of the axial flow fan iasiderably
less than when modelling the fan in full detail.

Due to fact that the actuator disk model considbes
local blade and flow field properties when calcmgtthe

The pressure jump method displays an improvemegit ov
the actuator disk model in its ability to represéme fan
performance curve at low flow rates. As mentioriad
section 4, if the flow condition is uniform over amgular
annular section (as found in a fan test facilithe pressure
jump method would work well, since, by nature of it
relationship to the fan performance curve, the qanesjump
method assumes inlet properties to correspondetarniform
inlet properties found in a fan test facility.

The pressure jump method neglects any form of fatn e
swirl velocity distribution. As shown in figure & BS 848
type A test set-up allows the fan exit swirl enetgybe
dissipated into the free atmosphere behind the fainis
corresponds to the forced draught condition, dedaiin
section 1 and modelled in section 4, where the dtneam
heat exchangers remove the swirl generated byahe ff
the detail of the flow patterns downstream of tae Wwould
form part of the investigation, the use of a swlidtribution
with the pressure jump method or the use of theatot disk
model should be considered.

6.2.2 Fan geometry

A comparison of volumetric effectiveness for thdak and
B-fan (both using the pressure jump method) isuidet in
figures 16 and 17. At very low platform heightseth
volumetric effectiveness of the B-fan is 2.5 % t&e5higher
than that of the A-fan and 5 % lower than the erogircurve
of Salta and Kréger. As shown in figure 12, thdafi-and
B-fan have distinctly different fan static pressuwarves,
which in turn can be attributed to the differencediesign

momentum source terms, it gives a more accurg@scribed in Section 1. Stinnes and Von Backstrom

representation of the flow field. However, the attu disk

concluded that the slope of the fan static pressuree at

model does not represent the fan performance cutl8 (l)éaerating point determines a fan’s ability émtile cross

correctly at low flow rates due to it assuming &flaw
over the fan blade at all times and therefore igmpthe
presence of radial flow over the blades at low flmates.
The pressure jump method is purely a reflectiorthef fan
performance curve and therefore represents theatiperof
the test fan (based on the extent to which the Isitioum
predicts the performance curve) correctly at alfrates.

The above conclusions are applicable to both th

actuator disk model and pressure jump method ftin fan
configurations that were simulated.

6.2 Installed fan simulations

The results from the simulations of the installads (both
single fan row and multiple fans) correlate withi%o with

the empirical curve of Salta and Krotfeat medium to high
platform heights and show the detrimental effectirdét

flow distortion on fan volumetric effectiveness. t Fow

platform heights there is however a bigger diffeenn

values (as high as 10 %) between the simulatedtsesund

flow™.

This indicates that the volumetric effectivenessadfn
under distorted inlet conditions is dependant angeometry
and that the empirical correlation of Salta and dery
should be extended to make provision for the charistics
of the fan itself, something not mentioned by poesi
investigator¥’.

e Finally the simulations confirm previous results by
Bredelf? and van der Spust al? that suggest that axial flow
fans with larger hub-to-tip ratio’s (and conseqiyesteeper
pressure curves) would be less susceptible tortkstanlet
conditions, regardless of whether cross flow orasafion
occurs in front of the fan.

7. Recommendation for Further Work

Based on the results of this investigation, thehanst
recommend that a full explicit CFD simulation of axial
flow fan be performed and the results compared végults
obtained using the pressure jump method and actdak

the results of Salta and Krod®ras well as between themodel. It is also recommended that a more detailedy be

simulated results for the different fan geometries.

6.2.1 Simplified fan model

Both the simplified methods display the occurrent@ow
separation in front of the edge fans and both timesthods
could be applied to evaluate the effectivenessaofiflets
under distorted inlet conditions.

conducted to determine the range of applicationthaf
pressure jump method and actuator disk method.
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