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Description

{Technical Field}

[0001] The present invention relates to a vehicle heat-
exchange module in which an engine-cooling radiator
and/or an air-conditioner condenser and a fan unit to be
installed in a vehicle are integrated into a module.

{Background Art}

[0002] There is a known vehicle heat-exchange mod-
ule in which an air-conditioner condenser and/or an en-
gine-cooling radiator, a propeller fan, a fan motor, etc.
are sequentially disposed from the front side at a front
portion of an engine compartment, thereby being inte-
grated into a module (also referred to as "CRFM"). This
CRFM is provided with a fan shroud, in which a channel
sectional area thereof sharply decreases toward the pro-
peller fan, which directly faces the condenser and/or the
radiator at a downstream side thereof, so as to guide
external air taken in through the condenser and/or the
radiator to the propeller fan.
[0003] In such a vehicle heat-exchange module, the
fan motor is usually supported by the fan shroud via nu-
merous motor support struts (motor support stators) in a
radiating pattern at a downstream side of the propeller
fan (for example, see Fig. 1 and Fig. 6 of JP 4029035B).
In addition, for example, JP 3385336B (see Figs. 1 to 5)
discloses a vehicle heat-exchange module in which, in
order to reduce the input power of the fan motor, the
motor support struts disposed in a radiating pattern on
the downstream side of the propeller fan are formed into
stator blades.
[0004] EP 1016790 A2 discloses a vehicle heat-ex-
change module of the type to which the present invention
pertains. The heat-exchange module accordingly has a
rectangular heat exchanger and a fan unit provided on a
downstream side of the heat-exchanger. The fan unit has
a plurality of rotor blades provided on a propeller fan and
the motor support struts are formed as stator blades.
[0005] The Article "Development of an analytical tool
to predict the noise emitted by a diesel cooling fan unit"
by Christophe Maliczak, 29 May 2008, pages 1-41,
XP055096113 addresses the theory of noise emission
by a vehicle cooling fan unit and proposes a lower value
for the distance between the rotor blades and the stator
blades in such a cooling fan unit.
[0006] Franck P. Bleier: "Fan Handbook - selection,
application, and design", 1 January 1998, McGraw-Hill,
XP055102655 relates to aspects for defining the number
of rotor/stator blades in an axial fan.

{Summary of Invention}

{Technical Problem}

[0007] As described above, by forming the motor sup-

port struts disposed in a radiating pattern on the down-
stream side of the propeller fan into the stator blades,
the input power of the fan motor can be reduced, and the
efficiency thereof can be increased. However, when the
stator blades are installed on the downstream side of the
propeller fan, high-static-pressure regions due to stag-
nation pressure occur at leading edges of the stator
blades when the fan is rotated. Because the stator blades
are disposed in a radiating pattern and multiple blades
are disposed in the circumferential direction, high-static-
pressure regions periodically occur in the circumferential
direction in accordance with the number of stator blades.
Accordingly, there is a problem in that, when the fan is
rotated, rotor blades of the propeller fan periodically in-
terfere with the high-static-pressure regions, and abnor-
mal sound (Nz sound), which is dependent on the fan
rotation speed and the number of rotor blades, is gener-
ated.
[0008] On the other hand, if the distance between the
rotor blades and the stator blades is increased in order
to alleviate the interference between the rotor blades of
the propeller fan and the high-static-pressure regions
(stator blades), there is a problem in that the depth-wise
size of the heat-exchange module (CRFM) is increased,
making it necessary to increase the space for installing
it in a vehicle, and thus, the ease of installation is dete-
riorated.
[0009] The present invention has been conceived in
light of these circumstances, and an object thereof is to
provide a vehicle heat-exchange module that is capable
of reducing abnormal sound generated due to interfer-
ences between rotor blades of a propeller fan and high-
static-pressure regions that occur at leading edges of
stator blades, while reducing the input power of a fan
motor by providing stator blades on downstream side of
the propeller fan.

{Solution to Problem}

[0010] In order to solve the above-described problems,
a vehicle heat-exchange module of the present invention
employs the features of claim 1. Specifically, a vehicle
heat-exchange module according to the present inven-
tion is a vehicle heat-exchange module including a rec-
tangular heat exchanger; and a fan unit provided on a
downstream side of the heat exchanger, the fan unit be-
ing provided with a fan shroud having a ring-shaped
opening, a propeller fan disposed in the ring-shaped
opening of the fan shroud, and a fan motor that drives
the propeller fan, wherein the fan motor is supported on
the fan shroud at the downstream side of the propeller
fan via motor support struts formed into stator blades in
a radiating pattern; and a distance L1 between the rotor
blades of the propeller fan and the stator blades formed
of the motor support struts for the narrowest portion at
the same position in the radial direction is set within the
range 0.018D < L1 < 0.033D, where D is the diameter of
the rotor blades.
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[0011] With the above-described aspect, the fan motor
is supported on the fan shroud at the downstream side
of the propeller fan via the motor support struts formed
into stator blades in a radiating pattern, and the distance
L1 between the rotor blades of the propeller fan and the
stator blades formed of the motor support struts for the
narrowest portion at the same position in the radial di-
rection is set to be 0.018D < L1, where D is the diameter
of the rotor blades; therefore, by appropriately setting the
distance L1 between the stator blades and the rotor
blades of the propeller fan to be 0.018D < L1, it is possible
to reduce the abnormal sound (Nz sound), which is de-
pendent on the fan rotational speed and the number of
rotor blades, generated when high-static-pressure re-
gions occur at leading edges of the stator blades due to
stagnation pressure and when the high-static-pressure
regions interfere with the rotor blades, while reducing the
input power of the fan motor by providing the stator blades
on the downstream side of the propeller fan. Accordingly,
it is possible to achieve both increased efficiency through
a reduction in the input power of the fan motor and re-
duced fan noise. Note that, it was experimentally con-
firmed that the noise level of the Nz sound can be sup-
pressed to 20 dB or less by setting the above-described
distance L1 to be 0.018D < L1.
[0012] With the above-described aspect, because the
distance L1 between the stator blades and the rotor
blades is set within the range 0.018D < L1 < 0.033D, it
is possible to achieve a reduction in the input power of
the fan motor and reduced fan noise without increasing
the distance L1 between the stator blades and the rotor
blades, that is, the depth-wise size of the heat-exchange
module itself, while keeping it within an appropriate
range. Therefore, the ease of installation and the ease
of arrangement preferable for vehicles can be main-
tained. Because the static pressure recovery level (Pa)
at the stator blades can be maximized by setting the
above-described distance L1 within the range 0.0 18D <
L1 < 0.033D, the pressure loss in a flow caused by the
stator blades can be minimized, and the fan performance
can be improved.
[0013] Furthermore, in the vehicle heat-exchange
modules described above, the number of rotor blades in
the propeller fan may be at least 9, the number of stator
blades formed of the motor support struts may be at least
13, and the numbers may be coprime.
[0014] With the above-described aspect, the number
of rotor blades of the propeller fan is set to be 9 or more,
the number of stator blades formed of the motor support
struts is set to be 13 or more, and they are set to be
coprime numbers; therefore, by setting the number of
rotor blades of the propeller fan and the number of stator
blades formed of the motor support struts to be 9 or more
and 13 or more, respectively, thereby forming them in
multi-blade forms, the depth-wise size (axial-direction
size) of the fan unit and, consequently, that of the heat-
exchange module, can be made sufficiently small. Ac-
cordingly, sufficient distance L1 between the rotor blades

and the stator blades can be ensured without increasing
the depth-wise size of the heat-exchange module, and
noise reduction can be achieved while maintaining the
ease of installation and the ease of arrangement in ve-
hicles. Because the number of rotor blades and the
number of stator blades are set to be coprime numbers,
pressure fluctuations generated around the rotor blades
can be prevented from occurring in the same phase, an
increase in discrete-frequency noise due to pressure in-
terference in a specific frequency region can be prevent-
ed, and the fan noise can be reliably suppressed.

{Advantageous Effects of Invention}

[0015] With the present invention, it is possible to re-
duce abnormal sound (Nz sound), which is dependent
on the fan rotational speed and the number of the rotor
blades, generated when high-static-pressure regions oc-
cur at leading edges of the stator blades due to stagnation
pressure and when the high-static-pressure regions in-
terfere with the rotor blades, while reducing the input pow-
er of the fan motor by providing the stator blades on the
downstream side of the propeller fan; therefore, by ap-
propriately setting the distance L1 between the stator
blades and the rotor blades of the propeller fan to be
0.018D < L1, it is possible to achieve both increased ef-
ficiency through an reduction in the input power of the
fan motor and reduced fan noise. It was experimentally
confirmed that the noise level of the Nz sound can be
suppressed to 20 dB or less by setting the above-de-
scribed distance L1 to be 0.018D < L1.

{Brief Description of Drawings}

[0016]

Fig. 1 is a longitudinal sectional view of the top half
of a vehicle heat-exchange module according to an
embodiment of the present invention.
Fig. 2 is a diagram showing, for the vehicle heat-
exchange module shown in Fig. 1, the relationship
between dimensionless distance (%) between rotor
blades and stator blades and noise level (dB) of Nz
sound caused by interference between the rotor
blades and stator blades.
Fig. 3 is a diagram showing, for the vehicle heat-
exchange module shown in Fig. 1, the relationship
between dimensionless distance (%) between the
rotor blades and the stator blades and the static pres-
sure recovery level (Pa) at the stator blades.

{Description of Embodiments}

[0017] An embodiment of the present invention will be
described below with reference to Figs. 1 to 3.
[0018] Fig. 1 shows a longitudinal sectional view of the
top half of a vehicle heat-exchange module according to
the embodiment of the present invention.
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[0019] In a vehicle heat-exchange module 1, an air-
conditioner condenser 2, a radiator 3 that cools engine
coolant, and a fan unit 4, which are sequentially disposed
along an airflow direction, are integrated into a module
via brackets, etc. In the following, the heat-exchange
module 1 may be simply referred as CRFM (Condenser
Radiator Fan Module).
[0020] The CRFM 1 is often disposed at a front side in
a vehicle engine compartment facing a front grille, and
for ease of installation to a vehicle or ease of arrangement
in the engine compartment, etc., it is desirable to make
the depth-wise size as small as possible and to make the
module lightweight. Accordingly, the module often takes
a rectangular shape that is longer laterally as a whole,
and thin heat exchangers having a laterally elongated
rectangular shape with a relatively large front area are
employed as the condenser 2 and the radiator 3. In the
following, the condenser 2 and the radiator 3 may collec-
tively be simply referred to as heat exchangers.
[0021] The fan unit 4 is integrally mounted on the down-
stream side of the condenser 2 and the radiator 3. This
fan unit 4 is provided with a fan shroud 5 for guiding cool-
ing air (external air) that has passed through the con-
denser 2 and the radiator 3 to a propeller fan 8, motor
support struts 6 that are integrally molded with the fan
shroud 5, a fan motor 7 that is securedly supported by
the motor support struts 6, and the propeller fan 8 that is
attached to a rotating shaft (not shown) of the fan motor
7 to be rotationally driven. The propeller fan 8 is a multi-
blade propeller fan 8 in which the number (number of
blades) of rotor blades 9 is at least nine.
[0022] The fan shroud 5 is an integrally molded part in
which a plastic material is employed, wherein an outer
circumferential edge at a front opening thereof has sub-
stantially the same shape as the external shape of the
radiator 3; a bell mouth 10 and a ring-shaped opening
11 are provided at substantially a center portion; and a
channel sectional area is sharply reduced from the front
opening toward the bell mouth 10 and the ring-shaped
opening 11. The motor support struts 6 for securedly sup-
porting the fan motor 7 are integrally molded with the fan
shroud 5.
[0023] The motor support struts 6 are formed of motor
securing portions 12 that securedly support the fan motor
7 and numerous support stays 13 that extend from the
motor securing portions 12 in a radiating pattern to an
outer circumference of the ring-shaped opening 11 in the
fan shroud 5, and the numerous support stays 13 are
formed into stator blades to reduce the input power to
the fan motor 7. The stator blades 14 formed of the sup-
port stays 13 are formed in a blade shape having a pre-
determined width that are inclined with respect to the
rotation direction of the propeller fan 8. At least 13 stator
blades 14 formed of the support stays 13 of the motor
support struts 6 are disposed in the circumferential di-
rection in a radiating pattern.
[0024] With regard to the rotor blades 9 of the propeller
fan 8 and the stator blades 14 formed of the support stays

13 of the motor support struts 6, in order to reduce ab-
normal sound (Nz sound) caused by interferences be-
tween the rotor blades 9 and the stator blades 14 resulting
from installing the stator blades 14 on the downstream
side of the rotor blades 9 and to suppress an increase in
the depth-wise size of the CRFM 1, the distance L1 is
set to be 0.018D < L1 and is set within the range 0.018D
< L1 < 0.033D, where L1 is a distance between the rotor
blades 9 and the stator blades 14 for a narrowest portion
at the same position in the radial direction and D is the
diameter of the rotor blades 9. For the stator blades 14
and the rotor blades 9 of the propeller fan 8, the number
of stator blades is at least 13, and the number of rotor
blades is at least 9; they are set to be coprime numbers.
[0025] With the above-described configuration, this
embodiment affords the following effects and advantag-
es. In the above-described CRFM 1, when the propeller
fan 8 is rotated by being driven by the fan motor 7, the
external air is taken in through the condenser 2 and ra-
diator 3 from a front face of the condenser 2. After circu-
lating through the condenser 2 and the radiator 3, the
external air is guided to the propeller fan 8 that is rotating
in the ring-shaped opening 11 connected to the bell
mouth 10 in the fan shroud 5 and is blown out to the
downstream side of the ring-shaped opening 11 via the
rotor blades 9. By doing so, refrigerant and engine cool-
ant are cooled in the condenser 2 and the radiator 3
through heat exchange with the external air.
[0026] The air blown out from the propeller fan 8 has
a swirling-direction component which is redirected to the
axial direction via the stator blades 14 provided on the
downstream side thereof, and the flow energy of the swirl-
ing-direction component is recovered, thereby increasing
the air blowing efficiency of the propeller fan 8. In other
words, the stator blades 14 convert velocity energy of
the air being blown from the rotor blades 9 of the propeller
fan 8 to pressure energy and thus increase static pres-
sure, thereby serving to increase the air blowing efficien-
cy in the axial direction. Accordingly, the input power of
the fan motor 7 can be reduced.
[0027] On the other hand, with the stator blades 14
provided on the downstream side of the rotor blades 9,
high-static-pressure regions due to stagnation pressure
occur at the leading edges of the stator blades 14 when
the fan is rotated, as described above. Because the stator
blades 14 are disposed in a radiating pattern and multiple
blades are disposed in the circumferential direction, the
high-static pressure regions periodically occur in the cir-
cumferential direction in accordance with the number of
stator blades, and thus, the high-static-pressure regions
and the rotor blades 9 periodically interfere with each
other, generating abnormal sound (Nz sound), which is
dependent on the fan rotational speed and the number
of rotor blades.
[0028] Therefore, in this embodiment, an appropriate
distance is ensured between the rotor blades 9 and the
stator blades 14 such that the distance L1 is 0.018D <
L1, where L1 is the distance between the rotor blades 9
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and the stator blades 14 for a narrowest portion at the
same position in the radial direction, and D is diameter
of the stator blades 9; therefore, as shown in Fig. 2, the
noise level of the above-described abnormal sound (Nz
sound) that is dependent on the fan rotational speed and
the number of rotor blades can be suppressed to 20 dB
or less. Therefore, it is possible to achieve both increased
efficiency through a reduction in the input power of the
fan motor 7 and reduced fan noise.
[0029] Because the distance L1 between the stator
blades 14 and the rotor blades 9 is set within the range
0.018D < L1 < 0.033D, it is possible to achieve a reduction
in the input power of the fan motor 7 and reduced fan
noise without increasing the distance L1 between the sta-
tor blades 14 and the rotor blades 9, that is, the depth-
wise size of the heat-exchange module 1 itself, while
keeping the size within an appropriate range. Therefore,
the ease of installation and the ease of arrangement that
are preferable for a vehicle can be maintained.
[0030] As shown in Fig. 3, by setting the distance L1
between the stator blades 14 and the rotor blades 9 within
the range 0.018D < L1 < 0.033, the static pressure re-
covery level (Pa) at the stator blades 14 can be maxi-
mized; therefore, pressure loss of a flow caused by the
stator blades 14 can be minimized, and the fan perform-
ance can be improved. Specifically, the static pressure
recovery level (Pa) at the stator blades 14 follows a curve
that protrudes upward in accordance with the distance
L1 between the stator blades 14 and the rotor blades 9,
as shown in Fig. 3. The reason for this is as follows.
[0031] The stator blades 14 raise (recover) the static
pressure by recovering the swirling component (swirling
dynamic pressure) of the outgoing flow from the rotor
blades 9. Because the swirling component of the flow
gets smaller further towards the downstream side of the
rotor blades 9, the dynamic pressure level that can be
recovered monotonically decreases toward the down-
stream side of the rotor blades 9. On the other hand, the
pressure loss caused by the stator blades 14 decreases
to a certain point on the downstream side of the rotor
blades 9 and subsequently increases. Because the static
pressure recovery level is defined as [dynamic pressure
recovery level] - [stator-blade pressure loss], it shows a
trend with a peak at a certain distance downstream from
the rotor blades 9, as shown in Fig. 3.
[0032] With regard to the pressure loss caused by the
stator blades 14, the pressure loss increases because
the flow immediately after the outlet of the rotor blades
9 includes portions where the flow speed is locally in-
creased. Because the localized high flow speed becomes
alleviated further towards the downstream side, the in-
fluence of the high flow speed is largest near the outlet
of the rotor blades 9. Furthermore, because the swirling
component decreases further on the downstream side,
the flow angle also changes. Because this flow angle
change is not uniform over the sectional area, a differ-
ence in the flow angle increases in the circumferential
direction. Accordingly, it becomes impossible to appro-

priately set the angle of the stator blades 14 with respect
to the flow, and thus, the pressure loss caused by the
stator blades 14 increases toward the downstream side
of the rotor blades 9.
[0033] In this way, because the influences of the local-
ized high flow speed immediately after the outlet of the
rotor blades 9 and the circumferential-direction flow angle
of the swirling component are superimposed, the pres-
sure loss in the flow shows a trend in which the minimum
value thereof appears at a certain distance on the down-
stream side of the rotor blades 9. Therefore, by setting
the distance L1 between the stator blades 14 and the
rotor blades 9 within the range 0.018D < L1 < 0.033D,
the static pressure recovery level (Pa) at the stator blades
14 can be maximized, as shown in Fig. 3, and the fan
performance can be improved through minimizing the
pressure loss in the flow caused by the stator blades 14.
[0034] In this embodiment, the number of rotor blades
9 is set to be at least 9 and the number of stator blades
14, which are formed of the support stays 13 of the motor
support struts 6, is set to be at least 13, and they are set
to be coprime numbers. Therefore, by setting the number
of rotor blades 9 and the number of stator blades 14 to
be 9 or more and 13 or more, respectively, and by forming
the propeller fan 8 and the stator blades 14 in a multi-
blade form, the depth-wise size (axial-direction size) of
the fan unit 4, and, consequently, that of the heat-ex-
change module (CRFM) 1, can be made sufficiently
small.
[0035] Therefore, it is possible to ensure a sufficient
distance L1 between the rotor blades 9 and the stator
blades 14 without increasing the depth-wise size of the
CRFM 1 and to reduce the abnormal sound (Nz sound)
while maintaining the ease of installation and the ease
of arrangement in vehicles, thus achieving noise reduc-
tion in the fan unit 4. Because the number of rotor blades
9 and the number of stator blades 14 are set to be coprime
numbers, pressure fluctuations that occur around the ro-
tor blades 9 can be prevented from occurring in the same
phase, an increase in discrete-frequency noise due to
pressure interference in a specific frequency region can
be prevented, and the fan noise can be reliably sup-
pressed.
[0036] Although shapes of the stator blades 14 are not
particularly limited in the above-described embodiment,
the stator blades 14 may be stator blades of any shapes,
such as plate shapes, arch shapes, airfoil shapes, etc..
The stator blades 14 may be connected with each other
with a ring at an appropriate position in the radial direction
so as to ensure the strength thereof.

{Reference Signs List}

[0037]

1 : vehicle heat-exchange module (CRFM)
2 : condenser (heat exchanger)
3 : radiator (heat exchanger)
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4 : fan unit
5 : fan shroud
6 : motor support strut
7 : fan motor
8 : propeller fan
9 : rotor blade (blade)
11 : ring-shaped opening
13 : support stay
14 : stator blade

Claims

1. A vehicle heat-exchange module comprising:

a rectangular heat exchanger (2,3); and
a fan unit (4) provided on a downstream side of
the heat exchanger (2,3),
wherein the fan unit (4) is provided with a fan
shroud (5) having a ring-shaped opening (11),
wherein a propeller fan (8) with rotor blades (9)
having a diameter D is disposed in the ring-
shaped opening (11) of the fan shroud (5), and
wherein a fan motor (7) for driving the propeller
fan (8) is supported on the fan shroud (5) at the
downstream side of the propeller fan (8) via mo-
tor support struts (6) formed into stator blades
(14) in a radiating pattern, and
characterised in that
the narrowest axial clearance L1 between the
rotor blades (9) of the propeller fan (8) and the
stator blades (14) formed of the motor support
struts (6) is set to be larger than 0.018D and
smaller than 0.033D and is set within a range in
which a static pressure recovery level (Pa) in-
cludes a peak level thereof, the static pressure
recovery level (Pa) being defined by subtracting
stator-blade pressure loss from a dynamic pres-
sure recovery level.

2. A vehicle heat-exchange module according to claim
1, wherein the number of rotor blades (9) in the pro-
peller fan (8) is 9 or more, the number of stator blades
(14) formed of the motor support struts (6) is 13 or
more, and the numbers are coprime.

Patentansprüche

1. Ein Wärmetauschmodul für Fahrzeuge mit:

einem rechteckigen Wärmetauscher (2,3), und
einer Lüftereinheit (4), die an einer stromabwär-
tigen Seite des Wärmetauschers (2,3) vorgese-
hen ist,
wobei die Lüftereinheit (4) mit einer Lüfterum-
mantelung (5) mit einer ringförmigen Öffnung
(11) versehen ist,

wobei ein Propellerlüfter (8) mit Rotorschaufeln
(9) mit einem Durchmesser D in der ringförmi-
gen Öffnung (11) der Lüfterummantelung (5)an-
geordnet ist, und
wobei ein Lüftermotor (7) zum Antreiben des
Propellerlüfters (8) an der Lüfterummantelung
(5) an der stromabwärtigen Seite des Propeller-
lüfters (8) über Motor-Tragstreben (6), welche
zu Statorschaufeln (14) in einem divergenten
Muster ausgebildet sind, gelagert ist, und
dadurch gekennzeichnet, dass
der engste axiale Zwischenraum L1 zwischen
den Rotorschaufeln (9) des Propellerlüfters (8)
und den Statorschaufeln (14), die aus den Mo-
tor-Tragstreben (6) gebildet sind, so eingestellt
ist, dass er größer ist als 0,018D und kleiner ist
als 0,033D und er in einem Bereich eingestellt
ist, in dem ein Wert einer Druckerholungsphase
("static pressure recovery level") (Pa) einen
Spitzenwert aufweist, wobei der Wert der Dru-
ckerholungsphase (Pa) definiert ist, indem der
Statorschaufel-Druckverlust von einem Erho-
lungswert des dynamischen Drucks subtrahiert
wird.

2. Ein Wärmetauschmodul für Fahrzeuge gemäß An-
spruch 1, wobei die Anzahl der Rotorschaufeln (9)
in dem Propellerlüfter (8) 9 oder mehr beträgt, die
Anzahl der Statorschaufeln (14), die aus den Motor-
Tragstreben (6) gebildet sind, 13 oder mehr beträgt,
und die Anzahlen teilerfremd sind.

Revendications

1. Module d’échange de chaleur pour véhicule
comprenant :

un échangeur de chaleur (2, 3) rectangulaire et
un groupe (4) ventilateur prévu d’un côté en aval
de l’échangeur de chaleur (2, 3),
dans lequel le groupe (4) ventilateur est muni
d’un capot (5) de refoulement de ventilateur
ayant une ouverture (11) de forme annulaire,
dans lequel un ventilateur (8) formant hélice,
ayant des pales (9) de rotor d’un diamètre D, est
disposé dans l’ouverture (11) de forme annulai-
re du capot (5) de refoulement de ventilateur et
dans lequel un moteur (7) de ventilateur, pour
entraîner le ventilateur (8) formant hélice, est
supporté sur le capot (5) de refoulement de ven-
tilateur du côté en aval du ventilateur (8) formant
hélice par l’intermédiaire de jambes (6) de sup-
port du moteur formées dans des pales (14) de
stator suivant un motif rayonnant et
caractérisé en ce que
le jeu L1 axial le plus étroit entre les pales (9)
du rotor du ventilateur (8) formant hélice et les
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pales (14) du stator formées des jambes (6) de
support du moteur est réglé de manière à être
plus grand que 0,018D et plus petit que 0,033D
et est réglé dans une plage dans laquelle un
niveau (Pa) de récupération de la pression sta-
tique inclut un niveau de crête de celle-ci, le ni-
veau (Pa) de récupération de la pression stati-
que étant défini en soustrayant une perte de
charge pale de stator d’un niveau de récupéra-
tion de pression dynamique.

2. Module d’échange de chaleur pour véhicule suivant
la revendication 1,
dans lequel le nombre de pales (9) du rotor du ven-
tilateur (8) formant hélice est supérieur ou égal à 9,
le nombre de pales (14) du stator formées des jam-
bes (6) de support du moteur est supérieur ou égal
à 13 et les nombres sont des nombres sans diviseur
commun entre eux.
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