
0 020 375                         2 Heat exchanger having inclined tubes
This invention relates to a heat exchanger      clogged cores to be cleaned
easily, reversing the and, more particularly, to a core construction for
cores takes time and is done when the radiator. increasing heat rejection
andimproving air flow.  is visibly clogged. Apparatus is provided for Heat
exchangers of the type used  in            rotating all the cores at one
time, but again this earthmoving vehicles must have sufficient       is
done is response to a visual observation. capacity to cool the engine by
the passage of air    It has also been proposed to provide a heat through
and around the heat exchange ele-         exchanger similar to the heat
exchanger of U.S. ment. In the past, it has been necessary some-
Specification  No. 4,076,072  which  uses times to use large fans operating
at high speeds   recessed tubes, closely spaced fins, and a space to
provide sufficient air flow through the heat   10   or gap at the junction
so that the inner directly exchange element. Unfortunately, large fans use
adjacent legs are spaced apart. Unfortunately, excessive power and cause
vibration and noise      the extremely close fin spacing' 0.79 to 1.57
which is undesirable. Because of current noise      fins per mm, restricts
air flow through the core; regulations, the use of large fans is now
restric-  yet this close spacing is necessary to prevent ted and other
means must be found to provide  15   plugging. effective cooling without
excessive noise.           It is therefore desirable to have a heat One way
to increase cooling capacity is         exchanger with closely spaced fins
which does described in U.S. Patent Specification No.         not unduly
restrict air flow through the cores. It 4,034,804  and  French
Specification  No.        is also desirable to increase the heat rejection
of 2,199,104.These disclose a radiator operable   20  the core for a given
frontal area thereby with a flow of air for cooling a quantity of water
increasing the cooling effectiveness of the heat and formed as zigzag or
folded walls, each of      exchanger.                       / which
contains air ducts. Cooling water pipes        In accordance with the
present invention, a are arranged in a number of flat cores, the upper
heat exchanger comprises first and second and lower sides of which are
located in the front   25   cores each defined by a respcective plurality
of and rear planes, respectively, of the radiator.   fins and having an air
inlet surface the cores The cores are connected together alternately on
being  mounted  in  a  substantially  "V" their front and rear sides in an
airtight manner.  configuration with the air inlet surface facing The
zigzag pattern increases the cooling        towards one another and the
included angle capacity by increasing the surface area exposed   30
between the air inlet surfaces being between to the flow of air without
increasing the size of  200 and 700, and each core having a single row the
radiator. There is, however, a problem with    of tubes, with an elongate
cross-section, the debris plugging the cores and reducing cooling
longitudinal planes (T) of the tubes parallel to capacity. Under some field
conditions where        the elongate dimensions of the cross-sections large
quantities of airborne fuzz and debris are   35    of the respective ones
of the tubes of each core present, the debris and fuzz may be readily
being substantially parallel to one another caught by the front edges of
the water tubes       characterised in that the tubes extend through which
are flush with the front of the core and     the fins of each core and are
spaced inwardly also become embedded between the cooling           from the
respective air inlet surface with each fins.
40   row of tubes being'substantially parallel to the At the junction of
the cores at the rear of the  respective air inlet surface; and in that the
radiator, air flows downward which increases       longitudinal planes (T)
of the tubes are offset the opportunity for airborne debris to collect on
towards the general direction of incident airflow the fins thereby reducing
cooling. Furthermore,   in use at an angle (a, b) of between [err] and. at
low vehicle speeds there may not be any air  46    i 200 to the plane of
the air inlet surface of the flow at the junction hence no cooling. U.S.
respective core and at an angle (X', Y'), of 4,034,804 recognizes that
plugging may be a        between [err] and [err] to the central plane
problem and provides a fine gauze to be placed     bisecting the angle
between  the air inlet around the outside of each core. This in effect is
surfaces of the two cores. a mere screen which itself can become plugged.
50  Preferably the ends of the cores at the apex Since the air flow changes
direction abruptly   of the "V" are spaced apart a distance in the inside
the radiator from a horizontal flow to a    range of between 2 and 10 mm.
downward vertical flow, areas exist where there      Preferably  the  fins
of each  core  are is little or no flow and plugging occurs. Because
chamfered at the comer of the core at the apex of the change in direction
of the air flow, even   55   of the "V" the fine gauze will clog.
By chamfering the corners of the cores they U.S. Patent Specification No.
4,076,072        can be fitted more closely together to increase discloses
the use of reversable cores which can    cooling capacity for a given
overall heat be rotated 1800 to expose a clean core surface     exchanger
dimension. Angularly orienting the to incoming air while the reverse,
clogged core   60   tube relative to the core axis also orients the surface
is cleaned by the exit flow of air through  tube relative to the incoming
air-stream  to the core. While this reversibility allows the      increase
the heat rejection. Thus, the heat 



2    3                   0020375                        4 exchanger has
closely spaced truncated fins and    to the first core 12 or may be
nonparallel angularly oriented  tubes to  decrease  the        thereto.
Additionally, each  "V"  may  be pressure  drop  across  the  cores
thereby         symmetrical or nonsymmetrical with other "V's". increasing
cooling effectiveness.                     Referring to FIGS. 1 and 4, each
core, core Two examples of a heat exchanger in   5   12 for example, is
comprised of a plurality of accordance with the present invention are
closely spaced fins 40 defining the inlet and illustrated in the
accompanying drawings, in        outlet surfaces 18, 20 and defining inlet
and which:-                                             outlet end surfaces
42, 44. The number of fins Figure 1 is a diagrammatic cross-section
per mm is in the range of about 0.79 to 1.57. through one example;
The fins preferably have a straight longitudinal Figure 2 is an enlarged
part sectional view of-  profile but can have a wavy, serpentine profile.
the cores of the Figure 1 example showing the      Straight fins are
preferred from the standpoint angular orientation of the tubes relative to'
the -  of purging while wavy fins dissipate more heat axis of each core;
for given core dimensions. Figure 3 shows part of a core of a second    15
Referring to FIGS. 1-4, each core has at example; and,
least one tube 46 extending through the fins 40 Figure 4 is a part
sectional view taken on the   and spaced from the inlet surface 18 a
distance line IV-IV in Figure 1.                           in the range of
about 2 to 4 mm. The tube 46 is Referring to Figure 1, a self-purging heat
preferably spaced from the outlet surface 20 a exchanger' 10 has a number
of cores, such as   20    similar distance. At distances less than about
first, second and' third-cores 12, 14 and 16 for    2 mm the tube 46 is
exposed to debris which is example, arranged in a zigzag pattern as viewed
snagged and held by the tube 46 thereby from the top or along a horizontal
cross-section.   contributing to %core plugging. At distances The first
core 12 has an inlet surface 18 and    greater than about 4 mm, heat
transfer from an outlet surface 20. The second core 14 has an   25   the
front of the tube 46 adjacent the inlet inlet surface 22 and an outlet
surface 24 and is    surface 18 is affected and the fins 40 are positioned
with the inlet surface 22 facing         subject to mechanical stress and
bending. toward the inlet surface 18 of the first core 12.     Each core
has a thickness in the range of about The cores 12, 14 are angularly
oriented one         15 to 40mm  as measured between the inlet relative  to
the  other in  a  general "V"   30    and outlet surfaces 18, 20.
configuration with the inner, directly adjacent       The tubes are spaced
apart about 10 mm or ends being spaced apart a distance in the range     so
and have a thickness in the range of about 2 of about 2 to 10 mm. If the
space or gap 26 is     to 3 mm. less  than  about  2 mm   wide,  air flow
By this construction a heat exchanger 10 is therethrough is extremely
limited and debris   3s   formed which has a core thickness to hydraulic
will accumulate in the gap 26. Conversely, if       diameter of about 10 to
50. The 'hydraulic the gap 26 is more than about 10 mm wide,
diameter is defined as four times the flow area there is too much airflow
therethrough which        divided by the perimeter of the opening for the
reduces the'airflow through the cores 12, 14        flow and refers to the
space between the fins and particularly along the inlet surfaces 18, 22.
40    40, not within  the tubes 46. It is this A gap 26' is provided
between an end 44" of      construction which, while providing adequate the
core 16 and the surface 28 of a supporting      cooling and not plugging,
creates a pressure frame 30. The gap 26' has a width in the range      drop
across the cores and therefore does not of about 3 to 10 mm. If the gap 26'
is less than    offer maximum  heat rejection. The  heat about 3 mm, there
is insufficient width for   45    rejection is improved by the construction
as set debris to escape. If the gap 26' is larger than     forth below.
about 10 mm, aiflow through the core 16 and           Referring to Figure
2, the first core 12 has an particularly along its inlet surface 34 is
reduced.  axis "A" and the second core 14, has an axis The cores 12, 14
define an included angle in      "B". The tube 46 has a transverse axis "T"
the range of about 20 to 70 degress. while core   50    oriented with
respect to the axis 'A" at an angle 16 and frame 30 define an angle in the
range of     a in the range of about 100 to 120 degrees. about 10 to 35
degrees. The core 16 and frame       Similarly, tube 46' has its axis "T"
oriented with 30 also have a general "V" configuration. Cores     respect
to the axis "B" at an angle b in the range 16 and 12, 14 may be used
together with             of about 100 to 120 degrees. The first and
advantage, particularly where two or more   55   second cores 12, 14 are
angularly oriented one liquids require cooling.
relative to the other at angle c in the range of 20 The third core 16 has
an outlet surface 36       to 70 degrees as previously mentioned. and is
positioned -with the outlet surface 36         By this construction, the
axes, 'A", "B" of the facing toward the outlet surface 24 of the
first and second cores 12, 14 are each angularly 



second core 1 4 in a general inverted "V" con-   60   oriented in a range
of about 120 to 140 degree figuration. The inner directly adjacent ends of
relative to the direction "D" of the fluid  [err] the inverted "V" are
arranged to be substantially   At angles less than about 120 degrees. [err]
airtight so that no air flows therethrough but      stream is reflected by
the tubes 46 in [err] is diverted through the inlet surfaces 22, 34.
opposite to direction "D" thereby [err] The third core 16 may be
substantially parallel   65   fluid stream  and creating a greater [err] 3
5                  0020375 drop across the core. At angles greater than
Claims about 140 degrees, the air flows generally over the tubes but the
flow path length is increased     1. A heat exchanger  10) comprising first
and which increases the pressure loss. By inclining  second cores (12, 14)
each defined by a the tubes 46 at an angle of about 120 to 140    5
respective plurality of fins (40) and having an air degrees instead of at 1
10 or 180 degrees, heat  inlet surface (18, 22) the cores being mounted
rejection is improved by about 3 to 6 percent   in a substantially "V"
configuration with the air which is a significant gain. This construction
inlet surfaces facing towards one another and produces incidence angles X',
Y' in the range of  the included angle between the air inlet about 40 to 60
degrees. The incidence angle is  10   surfaces being between [err] and
[err], and each typically defined as the supplement of angles X  core
having a single row of tubes (46,46'), with. and Y so that an incidence
angle of zero is    an elongate cross-section, the longitudinal derived
where the air flow is aligned with the  planes (T) of the tubes parallel to
the elongate tubes and flows over the inlet edge of tubes     dimensions of
the  cross-sections of the first.                                      15
respective ones of the tubes of each core being Referring to Figures 2 and
3, the first core 12  substantially parallel to one another, charac- is
truncated at the comer defined by its inlet   terised in that the tubes
.(46, 46') extend surface 18 and outlet end 44. The second core    through
the fins of each core and are spaced 1 4, 14' is truncated at the comer
defined by its  inwardly from the respective air inlet surface inlet
surface 22 and outlet end '44' and is  20   with each row of tubes being
substantially spaced from the first core 12 a distance in the  parallel to
the respective air inlet surface; and in range of 2 to 10 mm at the
truncated corners.    that the longitudinal planes (T) of the tubes are
Each of the cores 12, 14, 16 is truncated at the  offset towards the
general direction of incident corner defined by the respective outlet
surface   airflow in use at an angle (a, b)of between 20, 24, 36 and inlet
end 42, 42', 42" with the   25   [err] and [err] to the plane of the air
inlet truncated comers abutting the immediately        surface of the
respective core and at an angle adjacent core.
(X', Y'), of between [err] and [err] to the central The  truncated  comers
are  preferably        plane bisecting the angle between the air inlet
chamfered (FIG. 2) but can be of a rounded        surfaces of the two
cores. configuration (FIG. 3). The chamfers preferably   30  2. A heat
exchanger (10) according to claim have a width in the range of about 1.5 to
8 mm.   1, wherein the ends of the cores at the apex of A chamfer about 1.5
mm wide at the two            the "V" are spaced apart a distance in the
range opposite corners of each core reduces the         of between 2 and 10
mm. projected frontal area of each core by about        3. A heat exchanger
(10) according to claim 3 mm while reducing core width by about 31/2   35
1 or claim 2, wherein the fins (40) of each core percent. By tipping the
tubes to an incidence     are chamfered at the comer of the core at the
angle of about 120 to 140 degrees and             apex of the "V".
providing chamfers about 1.5 mm wide, heat rejection for a given total
frontal area increases  Revendications by about 4 to 6 percent. The square
comers can   40 be truncated because they are the part of the       1.
Echangeur de chaleur (10) comprenant un fins furthest from the tubes and
thus transmit    premier et un second 6l6ments (12, 14), dont less heat.
Tipping the tubes allows a larger     chacun comporte un certain nombre
d'ailettes chamfer to be made, hence only opposite          (40) et a une
surface d'entr6e d'air (18, 22), ces corners need be chamfered rather than
all four  45    elements dtant mont6s suivant une disposition corners.
pratiquement en "V" avec les surfaces d'entrhe During operation, air
approaches the heat      d'air tourn6es lune vers l'autre et formant entre
exchanger 10 from the front in direction "D".    elles un angle de 20 A
700, chaque 6l6ment Because the tubes 46 are inclined with respect   nayant
qu'une seule rangee de tubes (46, 46') to the direction "D" of the air
stream, the air is  50   presentant une section allong6e, les plans urged
over the tube surfaces and between the     longitudinaux (T) des tubes,
paralldles aux tubes as indicated by arrow "E.                  grands axes
des sections des tubes de chaque The cores are fitted into a smaller space
element 6tant pratiquement paralleles entre 



because the opposite corners are truncated. By   eux, caract:ris6 en ce que
les tubes (46, 46') having the gap 26 between the adjacent  55   traversent
les ailettes de chaque element et truncated corners, two results are
achieved.     sont espaces vers l'int6rieur par rapport a la First, debris
entering between the cores has a   surface d'entr6e d'air correspondante,
chaque place to exit and, second, air flowing through   rangde de tubes
6tant pratiquement paralldle a the gap 26 causes a tangential flow "F"
parallel   la surface d'entr6e d'air correspondante; et en to the inlet
surfaces of the cores. Thus, the flow   60   ce que les plans longitudinaux
(T) des tubes is divided into a ocmponent "E" which flows       sont
ddcal6s  vers la direction gen6ral du over and between the tubes 46 and a
smaller       courant d'air incident, en fonctionnement, d'un component "F"
which flows out through the        angle (a, b) compris entre [err] et
[err] par gap 26.                                          rapport au plan
de la surface d'entrde d'air de 65 4'    0020375                       6
drop across the core. At angles greater than      Claims about 140 degrees,
the air flows generally over the tubes but the flow path length is
increased      1. A heat exchanger (10) comprising first and which
increases the pressure loss. By inclining   second cores (12, 14) each
defined by a the tubes 46 at an angle of about 120 to 140   5    respective
plurality of fins (40) and having an air degrees, instead of at 1 10 or 180
degrees, heat  inlet surface (18, 22) the cores being mounted rejection is
improved by about 3 to 6 percent     in a substantially "V" configuration
with the air which is a significant gain. This construction    inlet
surfaces facing towards one another and produces incidence angles X', Y' in
the range of  the included angle between the air inlet about 40 to 60
degrees. The incidence angle Is  to   surfaces being between [err] and 70,
and each typically defined as the supplement of angles X   core having a
single row of tubes (46,46'), with and Y so that an incidence angle of zero
is       an elongate cross-section, the longitudinal derived where the air
flow is aligned with the    planes (T) of the tubes parallel to the
elongate tubes and flows over the inlet edge of tubes      dimensions  of
the  cross-sections of the first                                        15
respective ones of the tubes of each core being Referring to Figures 2 and
3, the first core 12  substantially parallel to one another, charac- is
truncated at the comer defined by its inlet    terised in that the tubes
(46, 46') extend surface 18 and outlet end 44. The second core     through
the fins of each core and are spaced 14, 14' is truncated at the comer
defined by its  inwardly from the respective air inlet surface inlet
surface 22 and outlet end 44' and is  20   with each row of tubes being
substantially spaced from the first core 12 a distance in the   parallel to
the respective air inlet surface; and in range of 2 to 10 mm at the
truncated comers.      that the longitudinal planes (T) of the tubes are
Each of the cores 12, 14, 16 is truncated at the  offset towards the
general direction of incident corner defined by the respective outlet
surface   airflow in use at an angle (a, b) of between 20, 24, 36 and inlet
end 42, 42', 42" with the   25    1000 and 1200 to the plane of the air
inlet truncated corners abutting the immediately        surface of the
respective core and at an angle adjacent core.
(X', Y'), of between [err] and [err] to the central The  truncated  corners
are  preferably        plane bisecting the angle between the air inlet
chamfered (FIG. 2) but can be of a rounded        surfaces of the two
cores. configuration (FIG. 3). The chamfers preferably   30  2. A heat
exchanger (10) according to claim have a width in the range of about 1.5 to
8 mm.    1, wherein the ends of the cores at the apex of A chamfer about
1.5 mm  wide at the two           the "V" are spaced apart a distance in
the range opposite comers of each core reduces the          of between 2
and 10 mm. projected frontal area of each core by about        3. A heat
exchanger (10) according to claim 3 mm while reducing core width by about
31/2   35    1 or claim 2, wherein the fins (40) of each core percent. By
tipping the tubes to an incidence      are chamfered at the comer of the
core at the angle of about 120 to  140 degrees and            apex of the
"V". providing chamfers about 1.5 mm wide, heat rejection for a given total
frontal area increases  Revendications by about 4 to 6 percent. The square
comers can   40 be truncated because they are the part of the        1.
Echangeur de chaleur (10) comprenant un fins furthest from the tubes and
thus transmit     premier et un second el6ments (12, 14), dont less heat
Tipping the tubes. allows a larger      chacun comporte un certain nombre
d'ailettes chamfer to be made, hence only opposite           (40) et a une
surface d'entrde d'air (18, 22), ces corners need be chamfered rather than
all four   46    6l6ments 6tant mont6s suivant une disposition corners.
pratiquement en 'V" avec les surfaces d'entr~e During operation, air
approaches the heat       d'air tournmes lune vers l'autre et formant entre



exchanger 10 from the front in direction "D".     elles un angle de 20 a
700, chaque 6l6ment Because the tubes 46 are inclined with respect
n'ayant qu'une seule rangee de tubes (46, 46') to the direction "D" of the
air stream, the air is  50    prdsentant une section allongde, les plans
urged over the tube surfaces and between the      longitudinaux (T) des
tubes, paralleles aux tubes as indicated by arrow "E".
grands axes des sections des tubes de chaque The cores are fitted into a
smaller space       6lement 6tant pratiquement paralldles entre because the
opposite corners are truncated. By    eux, caracteris6 en ce que les tubes
(46, 46') having the gap 26 between the adjacent  55   traversent les
.ailettes de chaque element et truncated corners, two results are achieved.
sont espacds vers I intdrieur par rapport a la First, debris entering
between the cores has a    surface d'entrde d'air correspondante, chaoue
place to exit and, second, air flowing through    rang6e de tubes 6tant
pratiquement paralldle 6 the gap 26 causes a tangential flow "F" parallel
la surface d'entrde d'air correspondanta; et en to the inlet surfaces of
the cores. Thus, the flow   60   ce que les plans longitudinaux (T) des
tubes is divided into a ocmponent "E" which flows       sont decales  vers
la direction general du over and between the tubes 46 and a smaller
courant d'air incident, en fonctionnement, d'un component "F" which flows
out through the         angle (a. b) compris entre [err] et [err] par gap
26.                                           rapport au plan de la surface
d'entrde d'air de 65 4    7                  0020375 V'el6ment
correspondant et suivant un angle (X'I  parallel zu den langgestreckten
Abmessungen Y') 'comprit entre 400 et 600, par rapport au     der
Querschnitte der entsprechenden Rohre plan central bissectant l'angle entre
les surfaces  jedes Kems im wesentlichen parallel zueinander d'entr6e d'air
des deux elements.                 verlaufen dadurch gekennzeichnet, daB
sich die 2. Echangeur de chaleur 110) selon Ia    5   Rohre (46, 46') durch
die Rippen jedes Kerns revendication 1, dans lequel les extremit~s des
erstrecken und mit Abstrand nach innen gege- elements, au sommet des "V",
sont espacees        nuber der entsprechenden LufteinlaBoberfldche d'une
distance comprises entre 2 et 10 mm.        angeordnet sind, wobei jede
Reihe aus Rohren 3.' Echangeur de chaleur (10) selon la         im
wesentlichen parallel zu der entsprechenden revendication 1 ou 2, dans
lequel les ailettes    10   Lufteinlagoberflache verlfuft, und  daB  die
(40) de chaque 6elmentsont biseaut6es au coin     Langsebenen (T) der Rohre
versetzt sind zur de celui-ci qui est situ6 au sommet du "V"'.
allgemeinen Richtung der einfallenden Luft- stromung hin, und zwar im
Gebrauch mit einem Patentansprfiche                                  Winkel
(a, b) von zwischen 1000 und 1200 ,5   beztiglich der Ebene der
LufteinlaBoberflache 1. Wirmeaustauscher (10) mit ersten und        des
entsprechenden Kems, und mit einem zweiten Kernen 112, 14), von denen jeder
durch    Winkel (X', Y') von zwischen 40 und 600 eine entsprechende
Vielzahl von Rippen (40)       gagenuber der Mittelbene, welche den Winkel
definiert ist und mit einer LufteinlaBoberflache  zwischen den
LufteinlaBoberflitchen der beiden (118, 22), wobei die Kerne in einer im
20   Keme halbiert. wesentlichen "V"-Form angeordnet sind, und          2.
Warmeaustpuswher (10) nach Anspruch 1, zwar mit aufeinander zuweisenden
LufteinlaB--     wobei dei Endernder Keme am Scheitel des "V oberflichen,
wobei der zwischen den Luftein-      voneinander mit einem  Abstand im
Bereich lagoberflachen    eingeschlossene    Winkel       zwischen 2 und 10
mm angeordnet sind. zwischen 20 und 700 liegt, wobei ferner jeder   25  3.
Wirmeaustauscher (10) nach Anspruch 1 Kem eine einzige Reihe von Rohren
(46, 46')       oder 2, dadurch gekennzeichnet, daB die Rippen mit einem
langgestreckten Querschnitt besitzt,   (40) jedes Kerns an der Ecke des
Kerns am und wobei die Langsebenen (T) der Rohre           Scheitel des "V"
verjungt sind. 30 35 40 45 50 55 60 66    


