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ABSTRACT

Performances of pedestal fans were analysed through experimental measurements of the induced flow
field (velocity distribution) and the power consumption by two different types of fans. A test rig was
constructed to facilitate the measurement of axial flow velocities in the three dimensional space. In
order to predict the jet pattern produced by the fan, axial velocity distributions on sufficient number of
planes were measured. These data were used to calculate the jet diameter, flow rate, kinetic energy and
the linear momentum of the flow at different planes from the rotor. The power consumption and the
angular speed of the rotor for each regulator setting were also measured.

The velocity distributions measured on different planes from the rotor clearly illustrate the general
characteristics of the flow generated by free flow fans, including the reverse flow near the rotor plane,
jet entrainment and diffusion. The results show that the overall energy efficiency of a fan depends
critically on its speed (i.e. regulator setting); efficiency increases with the speed. The results also
indicate that the service factor defined by the flow rate at a specified section divided by the power
consumption is not a suitable performance index for free-flow fans. Even with a similar axial velocity
profile gencrated by two different fans could result in two different jet developments leading to
completely different flow characteristics and performances. The results of the present study indicate the
complexity of the jet development and the necessity for detailed experimental measurements of the
flow velocity distribution including the swirl components in predicting performance of free-flow fans.

INTRODUCTION

Free-flow fans are commonly used in buildings to achieve the necessary thermal
comfort levels. The flow generated by a fan provides the required circulation and
velocity for comfort. Further, steady and uniform temperature conditions in the space
could be maintained. The overall performance of a free-flow fan is determined by the
aerodynamic design of the rotor blades together with the correct matching of the
electric motor characteristics at different speeds (i.e. at different regulator settings).
The characteristics of the air-jet generated by the fan, especially the velocity profile at
the rotor plane and jet swirl, determine the extent of the comfort region in space
developed by the fan. Another factor that affects the effectiveness of the fan is the
presence of solid boundaries, such as walls and furniture in the vicinity of the fan
rotor and the air jet. There are a number of different brands of free-flow fans available
in the market with different design features (i.e. different blade shapes, sizes, number
of blades etc.). In general, performance characteristics of air-circulating fans are not
provided to the customer. In some cases, wide variations in the performance could be
observed among the fans even with the same design and brand. These observations
indicate the difficulty of drawing a general conclusion on the relative performances of
different types of free-flow fans and recognize the need for performance testing of
each brand and design.

Among the available types of free flow fans pedestal and table fans are the most
common types used in domestic sector. Generally these design has some notable
advantages such as flexibility in placing, wider coverage through rotor swing facility,
etc. These fans have high solidity rotors with propeller type blades, where the chord
length and blade angle vary continuously for maximum performance.
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The flow field generated by a free-flow fan is very complex and difficult to predict
theoretically as well as experimentally. Thus the prediction of the performance is not
an easy task. Modern experimental techniques, such as laser doppler velocimetry and
wide-field shadowgraphy, could be used to obtain data necessary for detailed study.
However, these experimental setups are expensive and the testing is difficult to
perform (Conlisk 1997). Further, theoretical methods such as free vortex techniques
and three-dimensional Navier-Stokes computations are computationally intensive (see
Ahmad & Duque 1996 for applications in helicopter rotors). Therefore, the only
alternative available would be to have less detailed study based on experimental
investigation using basic instruments. Such a method is presented in the SL Standards
for fan testing (SLS 814 - Part 1), where the axial velocity distribution on a specified
plane from the fan rotor is to be measured to calculate the flow rate at different
regulator settings. Then the performance of the fan is evaluated by the ratio between
this flow rate and the electric power consumption, which is known as service factor.
Previous investigations based on testing of ceiling fans showed the limitations of the
service factor as a performance index for air-circulating fans (Sugathapala 1997).

The present study is carried out to investigate further the performance of free-flow
fans through testing of pedestal fans. A number of fans are tested and results of two
similar fans of different brands are presented and analyzed in this paper. The
measurements include jet development pattern, velocity distributions and power
consumption at different regulator settings. These results too clearly show the
ineffectiveness of the service factor as a performance index of free-flow fans. The
present study is also aimed at introducing an alternative method for fan testing which
will be more useful in selecting fan(s) for particular application.

BASIC CHARACTERISTICS OF PEDESTAL FANS
Geometric Characteristics

Pedestal fans have propeller type rotors with three blades (most common) with
continuously varying chord lengths and blade angles. Blades are made out of plastic
or sheet metal with a circular arc profile. Usually the rotor has high solidity (i.e. ratio
of blade area to rotor area) compared with ceiling fans.

Pattern of Flow

The mechanical energy generated by the electric motor is converted into fluid energy
through a hydrodynamic action of the fan rotor, in the form of flow rate through the
rotor together with a pressure rise across it. As a result, the fan discharges a jet of air
possessing a free boundary (see Figure 1). Since the fan is operating in a common,
unrestricted space, it is fed principally by air that has returned to the inlet side of the
fan by the medium of a converging stream of reverse flow outside the jet. Even in
front of the rotor, the streamlines of the jet converge rapidly and become parallel
within a short distance. While the surrounding air in contact with the jet is accelerated
due to the transfer of momentum through the action of shear forces, and more and
more air is entered to the jet. This process of entrainment continues as the air stream
moves further away from the fan and the jet expands owing to the increase in flow
rate. Finally, the momentum of the jet reaches zero and entrainment ceases, and there
is a net loss of air through the boundaries as the kinetic energy of the jet is steadily



converted into kinetic energy of turbulence, which decays through viscous shear (see
Figure 2). The buffer region between the diverging jet and the reverse flow is one of
large-scale random turbulence except in the near vicinity of the fan (Wallis 1983).
The rotation of the blades also imparts a swirl to the jet flow, which determines the
rate of jet diffusion (Rajaratnam 1976) and therefore the amount of jet penetration.
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Figure 1: Pattern of flow in the near vicinity of the rotor
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EXPERIMENTAL SETUP

The air velocity was measured by using a rotating vane digital anemometer with a
resolution of 0.01 m/s. It was mounted on the test grid, which has a facility to move
the anemometer to any point in the three-dimensional space within the required limits,
as shown in Figure 3. The energy was measured by means of digital wattmeter with a
resolution of 0.5 W. The angular velocity of rotor measured by using a stroboscope.

The axial velocity distributions generated by a fan were measured on different planes

from the fan along two diametrical directions, one horizontal and one vertical, and the
power consumption by the fan at each case was also measured. These data were
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collected at different regulator settings for two pedestal fans of same rotor size but
different brands.

20m

Fan
Test Rig
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1.5m

Watimeter
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Figure 3: Experimental setup

MEASUREMENTS
The measured data for the two pedestal fans are summarized below:

Power Consumption and Rotational Speeds

Fan Model Parameter Regulator Position

1 2 3
Pedestal Fan Rotational Speed (rpm) 734 957 1178
Brand - A Power Consumption (W) 45 51 57
Pedestal Fan Rotational Speed (rpm) 877 1005 1166
Brand - B Power Consumption (W) 41 44 46

Table 1: Power consumption and rotational speeds at different regulator
positions.

Velocity Distributions

Velocity distribution at one plane of the pedestal fan - A is given in the Appendix.
Similar set of readings was taken for eight more planes for each regulator position.
The procedure was repeated for other regulator positions for each fan. Therefore,
there are altogether 54 set of such reading. These data are not provided with this
paper, but presented graphically here.
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Figure 4:  Axial velocity distribution generated by Fan-A at different regulator
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It is important to state here that the velocity measurements showed the unsteady
behaviour of the flow with large fluctuations, which is an inherent characteristic of the
flow produced by a free-flow fan. These variations were taken during the testing. A
time period of approximately two minutes was taken for a reading, and the maximum
and minimum of the instantaneous velocity were observed and noted down. The time-
averaged velocity during this period, given by the anemometer, was taken as the mean
velocity. Note that the velocity distributions given in Figure 4 and Figure 5 are
axisymmetric since the velocity at a given radius is calculated as the average of the
four readings at four perpendicular radii. However a non-symmetrical behaviour is
observed in the velocity measurements (see Table Al in the Appendix). Nevertheless
the results given in Figure 4 and Figure 5 illustrate some of the important
characteristics of the flow including the reverse flow near the rotor plane, jet
entrainment, jet diffusion, etc.

CALCULATIONS AND RESULTS

The measured velocity distributions are used to calculate the flow rate Q, linear
momentum M, kinetic energy KE, velocity head hy, efficiency 7 and service factor
SF. The basic equations used to calculate these quantities are:

Volume Flow Rate O ju X 2mrdr = ZﬂArZuir}
i=l

r=0
Rate of Momentum M = I plux2mdru = 27pAry ur
r=0 i=1
Rate of Kinetic Energy KE = I —;— plux2mrdri® = npArZu? L
r=0 i=1
FluidPower ~  KE

Velocity Head h, = = -
¥ v Weight Flow Rate g0

Overall Efficiency 7 = Thc ?ower L S 8e
Electric Power Input P
and ;
Service Factor SF = o R = —Q—-,

Electric Power Input

where ro, r, and Ar represent the radius of the jet, the radial position of a general point
and radial increment, respectively, u represents the mean axial velocity at a radius r

and p is the density of air.

Note that the mean axial velocity at a given radius is calculated as the average of the
four readings taken in the four radial directions perpendicular to each other, as given
in the sample data in the Appendix. Considerable variation of the velocity at a point
with time was observed, especially when distance from the rotor is higher. Near the
rotor, the flow is relatively steady. This behaviour could be explained through the
basic flow pattern of the jet given in Figure 2. In the near vicinity of the rotor the air-
jet possess a well defined boundary with smaller radius and higher velocities, where
the buffer layer is limited to very thin layer. In this region, the flow is well controlled
by the momentum of the jet imparted by the rotor. However, on the planes further
away from the rotor the jet expands, flow rate increases, mean velocity decreases and
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the buffer layer developed to a thicker regime. As the momentum of the jet becomes
much smaller, the jet gets more susceptible to external disturbances and therefore
becomes unsteady. These fluctuations are usually governed by the size of the room
and the furniture and other solid boundaries present in the room.

The calculated results are presented in Table 2, Table 3, Table 4 and Table 5. The
variations of the basic flow parameters along the air-jet of the two fans are given in
Table 2 and Table 3.

Fan | Parameter| Regulator Axial Distance (in number of rotor diameters)
Type | Position |0.14/ 0.38 | 0.75 | 1.00 | 2.00 | 4.50 | 7.00 | 9.50 {12.00
Type | Flow Rate 1 0.35/0.37 | 0.41 {044 | 0.66 | 0.84 | 1.43 | 1.13 | 1.09
-A (m’/s) 2 0.39]0.49 | 0.52 | 0.57 [ 0.96 | 0.89 |2.09 | 147|191
3 0.48[0.55[0.61 [0.68 | 1.12 | 1.34 | 2.68 | 1.82 | 2.68
Rate of 1 1.50]1.59 [ 1.72 | 1.45[1.83 | 1.43 | 2.00 | 1.23 | 0.94
Momentum 2 2.21]1262 12731224 1336] 1.72 } 3.75] 1.98 | 2.25
N) 3 3.1013.33|3.75[3.54 |4.44 | 3.44 | 5.84 | 3.08 | 3.83
Rate of 1 2.85[3.113.27|227|246] 1.17 | 1.28 | 0.66 | 0.36
Kinetic 2 5411645|6.5214.42|584| 1.69 |3.16]1.33| 1.22
Energy (W) 3 8.91]/9.29 [10.42( 8.95 [ 8.75 | 4.37 [5.79 | 2.57 | 2.58
Velocity 1 0.69/0.72 | 0.67 | 0.44 | 0.32 | 0.12 | 0.08 | 0.05 | 0.03
Head 2 1.17]1.11 | 1.06 | 0.66 | 0.52 | 0.16 | 0.13 | 0.08 | 0.05
(m) 3 1.57|1.44|1.45[1.12]0.67 | 0.28 [ 0.18 | 0.12 | 0.08

Table 2: Variations of the flow parameters along the air-jet of Fan A.

Fan | Parameter | Regulator Axial Distance (in number of rotor diameters)

Type Position | 0.20 | 0.38 | 0.63 | 1.25 | 2.50 | 5.00 | 7.50 | 10.00
Type | Flow Rate 1 0.27 | 0.33 | 0.34 | 0.30| 0.26 | 0.36 | 0.30 | 0.22
-B (m*/s) 2 0.32 | 0.36 | 0.38 | 0.33]| 0.31 | 0.42 [0.39 | 0.31
3 0.29 | 0.39 | 0.43 |0.38| 0.35 | 0.48 | 0.44 | 0.36

Rate of 1 1.18 | 1.30 | 1.27 | 0.62 | 0.24 | 0.26 | 0.16 | 0.06
Momentum 2 1.54 | 1.58 | 1.56 | 0.75| 0.31 | 0.35 | 0.24 | 0.12

(N) 3 1.32 | 1.89 | 1.98 {093 | 0.39 | 0.41 |0.31 | 0.14

Rate of 1 2.30 | 248 | 231 10.59| 0.11 | 0.09 [ 0.04 | 0.01
Kinetic 2 342 | 3.32 | 3.06 |0.79 | 0.15 | 0.13 | 0.07 | 0.02
Energy (W) 3 277 | 437 | 438 {1.06] 0.20 | 0.16 | 0.10 | 0.03
Velocity 1 0.71 | 0.64 | 0.58 {0.17 | 0.04 | 0.02 | 0.01 | 0.00

Head 2 091 | 0.79 | 0.68 | 0.20 | 0.04 | 0.03 | 0.02 | 0.01

(m) 3 0.80 | 0.95 | 0.86 | 0.24 | 0.05 | 0.03 | 0.02 | 0.01

Table 3: Variations of the flow parameters along the air-jet of Fan B.

The graphical representations of these variations are given in Figure 6 to Figure 13.
The flow rate variation generated by Fan-A given in Figure 6 shows a continuous
increase illustrating the jet entrainment process due to viscous shear. Flow rate
becomes a maximum of about 4 to 6 times the flow rate near the rotor at about a
distance of 7 rotor diameters downstream. Then further downstream the flow rate
tends to decrease as a result of turbulent diffusion. The characteristic of the jet
generated by Fan-B shows much inferior performance than that of Fan-A as the jet
entrainment appears to be much weaker (see Figure 7). The jet entrainment
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predominantly takes place up to about 0.6 rotor diameters downstream, where the
flow rates become approximately 20 - 50% higher than that of at the rotor. Then the
jet entrainment as well as diffusion takes place resulting fluctuating characteristics.
The flow rates again reach a maximum at about 5 rotor diameters downstream, where
the flow rates are approximately 30 - 60% higher than that near the rotor. Further
downstream, jet diffusion becomes predominant and there is a continuos decrease in
the flow rates. Note that there are large fluctuations in the flow rates, especially on the
planes far downstream from the rotor. On these planes, the thickness of the buffer
layer is considerably higher, where the flow velocity shows considerable fluctuations
and therefore difficult to measure. As the flow rate in this regime can be considerable
due to larger flow area, the calculated flow rates (as well as momentum) can exhibit
large fluctuations.
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Figure 6: Variati;n of the volume flow rate along the air-jet of Fan-A.
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Figure 7: Variation of the volume flow rate along the air-jet of Fan-B.
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The difference between the above characteristics of the two fans is difficult to explain
with the existing data. One possible reason could be the level of swirl generated by
the fan torque. A jet with a higher swirl diffuses more rapidly than that with a lower
swirl component (Rajaratnam 1976). Another possibility is that the Fan-B generates
higher turbulence level resulting higher rate of diffusion. In order to have a better
understanding about these behaviors, the variations of the axial momentum of the jet
of the two fans are plotted in Figure 8 and Figure 9.

N Figm;é 8: Variation of the rate of momentum along the air-jet of Fan-A

Figure 9: Variation of the rate of momentum along the air-jet of Fan-B

Both figures show a continuous increase in the axial momentum up to about a
distance less than one rotor diameter. Axial momentum of Fan-B decreases rapidly
indicating a strong diffusion of the jet, while that of Fan-A fluctuates but shows a
slight decrease in trend indicating a higher penetrating capacity. The initial increase in
the axial momentum of the jet is obvious because, as the jet converges, the pressure
generated by the fan is converted into axial momentum. The resultant momentum
reaches a maximum at the section with a minimum jet diameter. Therefore it could be
concluded that the minimum jet diameter occurs at a distance less than one rotor
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diameter (according to the present results, 0.75 diameters for Fan-A and 0.6 diameters
for Fan-B). This is more apparent according to the variation of the kinetic energy
(based on the axial velocity), as given in Figure 10 and Figure 11. It is important to
state here that the jet flow generated by the fans is not an ideal jet in the sense that it is
in a finite environment. For such confined flows, conservation of mass demands that a
return flow be set up between the jet and the outer boundaries, which increases with
the downstream distance. This behaviour results in a thicker buffer layer than that of a
jet in an infinite environment and leads to larger fluctuations in flow quantities.
Further the return flow progressively absorbs the momentum of the jet.
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Figure 10: Variation of the kinetic energy rate along the air-jet of Fan-A
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Figure 11: Variation of the kinetic energy rate along the air-jet of Fan-B

In both fans, the total rate of kinetic energy of the jet increases due to conversion of
pressure energy to kinetic energy till the minimum jet diameter is reached, where the
pressure energy becomes zero. Further downstream the kinetic energy of the jet
decreases rapidly due to jet diffusion. The rate of diffusion is much higher for Fan-B
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than that of Fan-A resulting in lower performance. The relative effects of the jet
diffusion and pressure energy to kinetic energy conversion could be analyzed by
evaluating a mean value for the velocity head of the fluid.

In the case of Fan-A, the mean velocity head remains approximately constant in the
near vicinity of the rotor, where the pressure energy to kinetic energy conversion
takes place. Therefore it could be concluded that this conversion rate is of the same
order as the rate of jet diffusion. While the results of Fan-B indicate a higher diffusion
rate than the pressure energy to kinetic energy conversion rate.

20 +— — s L. 8 Sy
Regulator Position 1 L 4
E 1.5 |a Regulator Position 2 a
-] ’ 44 Regulator Position 3 A
]
]
o L
o 10 A= St
)
.g *®en a
> 05 — E
4 A
9
0-0 ) =S T T ° R ‘ T ’
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Distance from the rotor plane (in no. of rotor diameters)

Figure 12: 7\>’ariation of ti;e Al;\ean velocity head along theihif:.ir.ét oE i";;l-A 7

1.0 - = e ’
A

019 8= s Regulator Position 1 .
= 0.8 +ag E: ——| Regulator Position 2 o
£ 0.7 ":u Regulator Position 3 A
g 06—
= 0.5 -
% 0 s ey -~ ==
< 03 ¢ - ]
» 0.2 *é” z e -

0.1 5 =

0.0 vt o B il a

0.00 2.00 4.00 6.00 8.00 10.00 12.00
Distance from the rotor plane (in no. of rotor diameters)

Figure 13: Variation of lh; _lhean vél()'éity head along the air-jet of Fan-B

One of the prime objective of the present study is to identify a performance index to
represent the overall performance of a given free-flow fan. The most commonly used
parameter in fluid machinery is the overall efficiency, that is the output power to input
power ratio. However for free-flow fans this quantity is difficult to predict as the
output energy of the air (which includes both the pressure energy and the kinetic
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energy) is difficult to measure. Further the energy of the fluid is in little use for the
customer, what is important is the flow velocity generated by the fan. Therefore
another performance index is defined for air-circulating fans, so called service factor,
which is the ratio between the flow rate at a specified section from the rotor plane
(three rotor diameters in the case of pedestal and table fans) to the electric power
input to the fan (SLS 814 - Part 1). However, no specific values for the service factor
have been defined to identify whether the performance of a given fan is satisfactory or
not. Another disadvantage of the use of service factor as a performance index is that
the flow rate at a specified section would not reflect the overall performance of the jet.
As an example, the two fans tested in the present study have similar flow rates near
the rotor but Fan-A generated a much higher flow rate further downstream due to
effective jet entrainment than Fan-B. Therefore a better option is to define the service
factor as the ratio between maximum flow rate and the input power.

The service factors of the two fans at different regulator settings together with the
service factors based on the maximum flow rates are presented in Table 4. Further,
efficiencies of the fans at each regulator settings are also given. As the total power
output of the rotor is difficult to measure, the total rate of kinetic energy at the section
of minimum jet diameter (where the total energy is in the form of kinetic energy) is
taken as the power output. It can be seen that at a section three diameters downstream
from the rotor, the service factor of Fan-A is approximately two times that of Fan-B,
but the maximum service factor of Fan-A is approximately four times that of Fan-B.
The overall efficiency of Fan-A is also very much higher than that of Fan-B. Note
that, however the electric power consumption of Fan-B is less than that of Fan-A.

Fan [Regulator| Power Flow Rate Power |Efficiency| Service Factor

Type | Position [Consump. (m°/s) Output (%) (m’ls/W )
(W) |[Specified| Max w) Specified)| Max.

Section Section

Fan-A 1 45 0.73 1.43 3.27 7.3 0.016 0.032
2 51 093 [209 | 652 12.8 0.018 0.041
3 57 1.21 2.68 | 1042 18.3 0.021 0.047
Fan-B 1 41 0.27 0.36 2.48 6.0 0.006 0.009
2 44 0.33 0.42 3.42 7.8 0.008 0.010
3 46 038 | 048 | 438 9.5 0.008 | 0.010

Table 4: Performance indices of the two fans

It is also important to note that the overall efficiency increases with the rotor speed.
This could be due to the fact that at higher rotational speeds the torque generated by
the fan and therefore the swirl component of the jet velocity would be lower. Thus the
rate of jet diffusion would be lower, resulting in higher efficiencies.

These results clearly indicate the complexity of the flow generated by free-flow fans
and difficulty of predicting the overall performance. Both the fans considered in the
present study generated a similar axial velocity distribution at the rotor, but different
behaviour of the overall jet developments leading to a vast difference in the
performances. As an example, the velocity distributions at the near vicinity of the
rotor of Fan-A at the regulator position 2 and that of Fan-B at the regulator position 3
are plotted in Figure 14. It can be seen that the two velocity distributions are quite
similar, resulting volume flow rates of 0.392 m’/s and 0.394 m’/s, respectively.
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However, as shown in Figure 15 the jet development behaviour of the two cases are
not similar; one jet shows a strong entrainment with considerable increase in the flow
rate in downstream direction, while the other jet shows very little increase in the flow
rate indicating higher diffusion.
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Figure 14: Velocity profiles at the near vicinity of the rotors of the two fans
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Figure 15: Comparison of the jet development behaviours of the two fans

The above results also indicate the limitations of the service factor as a performance
index for free-flow fans. However, both the overall efficiency based on the rate of
kinetic energy at the minimum jet diameter section and the service factor based on the
maximum flow rate illustrate clearly the relative performances of the two fans.
Therefore, these two indices would be more appropriate for performance evaluation of
free-flow fans.

Further, as free-flow fans are widely used for air circulation and comfort, it would be
more appropriate to define a comfort region that a fan could cover at each regulator
setting. This is achieved by forming iso-velocity lines based on the axial velocity
distribution generated by a given fan. As an example, iso-velocity lines for Fan-A at
the regulator position 3 are illustrated in Figure 16.
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Figure 16: Iso-velocity lines of the jet generated by Fan-A at the regulator
position-3

CONCLUSIONS

The flow patterns generated by free-flow fans are complicated. The resulting flow is
characterized by the reverse flow in the near vicinity of the rotor, jet entrainment, jet
diffusion, and unsteady flow behaviour. These basic characteristics are not just
determined by the axial flow velocity at the rotor plane, but affected by the jet swirl
and the level of turbulence generated by the fan. Therefore accurate prediction of the
performance characteristics through experimental measurements requires more
sophisticated equipment with facilities to measure three dimensional velocity
distributions including swirl velocity components and the level of turbulence.

The results of the present study indicate the deficiency of the service factor as a
performance index for free-flow fans. An alternative technique is to define a service
factor based on maximum flow rate or to define an overall efficiency based on
maximum rate of kinetic energy (i.e. at the minimum jet diameter section). The better
option, which is more useful for the user, is to provide iso-velocity lines of the jet
generated by the fan at each regulator setting together with the power consumption by
the fan.
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APPENDIX: A SAMPLE OF THE MEASURED VELOCITY DISTRIBUTION

Fan Type :  Pedestal fan - A
Regulator Position 2|
Distance from the fan rotor T 5.5¢cm
Distance between two radial positions : 2.0cm

Direction| AB (Horizantal) CD (Vertical) Average velocity
Velocity (m/s) Velocity (m/s) (m/s)

Position | Max | Min | Mean | Max Min | Mean | Max Min |Mean

-12 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 0.00 | 0.00 | 0.00 | 0.00

-11 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 0.00 | 0.00 | 0.00 | 0.00

-10 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 | -0.20 | 0.00 |-0.04

-9 0.50 | 0.00 | 0.10 | 2.60 1.70 2,07 |25 1.68 | 1.87

-8 144 | 070 | 1.04 | 470 | 4.10 432 | 433 3:83:41] 411

-7 440 | 390 | 405 | 500 [ 4.70 489 | 458 | 435 | 445

-6 4.10 | 3.80 | 3.89 | 450 | 4.00 429 | 420 | 3.88 | 4.02

-5 320517280 |1 282 1" 31501 3.10 3:39 348 | 3.18 | 3.29

-4 2:20°) 1.80 |"'196 '1-330 | 2.80 2.99 2.83 2.55 ].2:67

-3 190 | 1.40 | 1.82 | 2.50 1.80 2.16 1.65 1.30 | 1.48

-2 1.40 | 0.10 | 1.06 | 1.50 1.10 1.25 1.70 1.10 | 1.45

0.80 | 0.00 | 0.61 1.10 | 0.90 1.02 1.10 | 0.78 | 1.01

'
—

0 0.04 | 0.00 | 0.09 | 0.50 [ 0.00 0.08 027 | 0.00 | 0.09
1 140 ' 120 122 |..510 1.00 117 1.10 ] ,0.78 | 101
2 1.60 | 1.40 | 1.43 | 2.30 1.80 2.06 1.70 1.10 | 145
3 1:60. | 150" ] 1.35 |.3.10.) :2.80 2.92 1.65 1.30 | 148
-+ 2:20):]::2:10:1-2:18 193.:60 || 3.50 355 2.83 2:55:].2.67
5 290 | 270 | 2.76 | 430 | 4.10 420 | 3.48 3.8 329
6 3.60 | 320 | 3.36 | 460 | 4.50 453 | 420 | 3.88 | 4.02
{4 4.10 | 400 | 404 | 480 | 4.80 480 | 458 | 435 | 445
8 440 | 430 | 444 | 390 | 3.10 351 ..].4.33 3.83 | 4.11
9 490 | 450 | 467 | 0.60 | 0.50 055 2.15 1.68 | 1.87
10 -0.40| 0.00 | -0.14 | -0.40 | 0.00 -0.01 | -0.20 | 0.00 |-0.04
11 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00
12 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00

Table Al: Axial velocity distribution of the jet at different planes from the rotor
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