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“This invention relates to. -heat-exchange ap-
baratus. of the kind. (referred. to -hereinafter as
heat-exchange apparatus of the kind specified)
in. which a first fluid medium flows over the
outer .surfaces  of a bank.or .matrix of tubes,
through which tubes & second fluid -‘medium
passes, whereby heat is transferred from the first
fluid medium to the second.fluid medium.or.vice-
versa.

It -has been observed -in-the -use .of -heat ex-
changer -apparatus of . the ‘kind. specified, - that
an audible whistle occurs and we have found
that the whistle is caused by the flow of the first
fluid medium- across the bank of tubes.  The
whistle -is not only objectionable in itself, but
@lso the vibrations-set up -in the fluid medium
tause an increase of resistance to-flow.of the first
medium and may also cause vibrational failure
of the tubes-and/or fixing joints due-to.Vibra-
tional fatigue. The object of the.present inven-
tion.is to prevent or reduce the-magnitude of
the whistle and the -other: .disadvantages men-
tioned.

It is well known that when a fluid; particularly
a gas, flows across a wire or tube -and the. flow
is turbulent, then vortices are shed in the stream
alternately from the. sides of the wire .or tube.
The rate of the shedding of vortices. is approxi-
mately of the order given by:

=V
~5D
where:

- N=Vortices per second.

- V=Stream velocity (ft. per second) and
De=the diameter, tube or wire (feet).
'This'relationship is independent of the rigidity

©of ‘the "wire, and gives rise to cyclic' pressire
changes in the fluid flow, which pressure changes
may, if the value of V i§ sufficiently high, be of
audible frequency. ]

‘We have concluded from a Gonsideration of
this formula (e) that, if the length of the tube
or wire is finite and extends between ehd walls
(as"ih a heat exchanger), each vortex may be
shed-simultanecusly along the wholé length of
the tube; (b) that, if a number of like tubes
are arranged in a bank (e. z. to form a heat
exchanger matrix), similar vortices may be shed
Simultaneously from all the tubes, 'and (¢) that,
if similar vortices are shed from all the tubes to
the same side of each tube, & resoriant condition
must exist to maintain vortex shed.di'n'g fiom the
tubes in'step. We have also ¢oncluded that such
& resonant condition and vortex shedding eatises
the loud audible whistle which Geéurs i tha op-
eration of tube matiix heat exchangers.
--According to the present invention in 3 heat
exchange apparatus of the kind specified, there
is provided in association with a tube bank, baf-
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2
fle medns afranged parallel to the direction’ of
flow of the first medium, the bafle or each baffe
of the baflle means being so located with respect
to’or so spaced from a side wall of the heat ex-
chalige apparatus or adjacent bafies or both
that the fluid column therebetween is incapable
of resonant vibration at the frequency of vortex
shedding from heat exchange tubes due to. the
bassage of the first medium acioss them. o

According to a feature of the invention haffle
‘means are provided in the form of plates which
are located in the tube bank or downstreéam
thereof parallel to the tubes so that the spac-
ing of adjacent plates or of a plate and a side
wall of the heat exchanger is less than half the
wavelength of a note having s frequency cor-
responding to the frequency of vortex shedding
from the tubes. _ )

‘When the rows of tubes in bank are staggered
With respect to the adjacent rows, the. spacing
W of the baffle plates or of a plate and a side
wall of the heat exchange apparatus may -be
estimated from the following -approximate
empirical formula:

0.6a-D

W—V max.

where:
'We=the spacing of the baffle plates (or between
a baffle plate and side wall) .

g=velocity of sound in the fluid of the first

medium.

V max.==maximurh fluid velocity between tubes.

D=tube diameter.

Alternatively tests may be carried out on the
heat exchanger without baffles and a baffle spac-
ing according to the frequency -of the whistle
experienced. ;

A further feature of the invention provides
baffle means external to the tube bank and down-
stream thereof, which bafle means. -comprises
baffle plates located in planes at-an -angle to
the tubes, and thus at an angle to the planes
in which nodes tend to- occur during resonant
vibration. - The -bafle plates -of such external
bafile means are nhot necessarily spaced from-one
another or from a side wall of the heat exchanger
by a distance less than half the wave length-of
& note having a frequency equal to the frequency
of vortex shedding, since, by virtue of their in-
clination to the planes in which nodes tend to
oceur they prevent the formation of such nodal
planes on the downstream side of the tube bank.

When baffles are provided downstream of the
tube bank, resonance may in the absence of in-
ternal bafiles, oceur in the tube bank itself; but
the provision of baffles on the downstream side
of the tube bank, either parallel to the tubes-and
spaced at less than half the wave length of:the
resonant frequency or at an angle to the-tubes,
prevents the nodal planes which exist in the tube
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bank, from developing downstream of the tube
bank, and thus diminishes the resonant energy.

The invention is applicable to various forms
of heat exchanger of the kind specified. For
instance the invention is readily applied in a
heat-exchenger which comprises a  straight-
through duct carrying the first medium and a
matrix of heat-exchange tubes extending across
the duct, so that the first medium flows over
the surfaces of the tubes. Another common
heat exchanger arrangement in which the in-
vention can be readily applied, comprises a cen=-
tral eylindrical duct and an outer annular duct
separated by an annular matrix of heat ex-
change tubes, so that, in use, the first medivm
flows transversely across the tubes; in this ar-
rangement, when whistle in the heat exchanger
is experienced, the presence of resonant nodal
planes has been detected in the outer annular
duct.

The application of the invention in these forms
of heat exchanger is illustrated diagrammatically
in the accompanying drawings, to which the fol-
lowing description refers.

In this drawing:

Figure 1 is a section parallel to the direction of
flow of the first medium through a straight-
through type of heat exchanger, the plane of the
section being indicated at I—TI of

Figure 2 which is a view in the direction of
arrow IT of Figure 1;

Figure 3 is a section at right angles to the axis
of a heat exchanger having a matrix of heat ex-
changer tubes of annular form the section being
taken on the line ITI—III of Figure 4 and Figure
4 is a section on IV—IV of Figure 3, and

Figure 5 illustrates a modification of the ar-
rangement of Figure 4. )

Referring to Pigures 1 and 2, the heat ex-
changer diagrammatically illustrated comprises a
duct passage {8 with side walls I0A and 0B,
through which passage {8 the first medium flows
in the direction of the arrow ii{. A bank or
matrix {2 of heat exchange tubes extends across
the duct passage parallel to the side walls 104,
{8B; the first fluid medium flows through the
spaces between the tubes and over the surfaces of
the tubes and the second medium flows in the
bores of the tubes. .

With a heat exchanger of this type, it has been
found that the flow of the first medium across
the tube matrix 12 may give rise to an objec-
tionable whistle having a node in a transverse
plane as indicated by the dotted line 14, and we
have found that if baffle plates such as baffle plates
13 are provided within the tube matrix 2 in
planes parallel to the direction of flow of the first
medium through the duct and to the tubes {2,
the whistle can be avoided.

In the simple heat exchanger illustrated, two
bafile plates {3 are provided within the matrix and
the plates {3 divide up the space between the side
walls 18A, 168 into three parts, so that the
transverse dimension of each of these parts, either
between adjacent baffles 18 or between a bafile 13
and a side wall {0A or 10B is less than half the
wave length of a note having a frequency equal
to the estimated freauency of vortex shedding in
the manner described.

In certain cases, however, it is inconvenient fo
construct the heat exchanger with bafile plates
within the structure of the matrix {2, and an
alternative arrangement is used, which consists
in the provision of external bafile plates {8. The
bafie plates {5 are located in planes parallel fo
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the direction of flow of the first medium on the
outlet side of the tube matrix 12 and inclined at
acute angles to the tubes, and their function is
to prevent the development of or extension of a
nodal plane, such as plane {4, on the downstream
side of the tube matrix 12. Where it is possible
to employ baffles such as baffles {3 they may be
used in combination with bafile plates 50.

It will be seen from Figure 2 that the external
baffie plates {5 are at an acute angle to the nodal
plane (4, thereby preventing the maintenance of
this node (if formed) in the heat exchanger out-
let. By inclining the baffles in this way it is un-
necessary for them to be spaced less than half
a wave length apart as described for baffle plates
{3. If desired, bafile plates may be arranged
downstream of matrix 12 in a manner similar to
baffle plates 13. :

In Figures 3 and 4, an alternative form of heat
exchanger is illustrated in which the first medium
flows, in the direction of the arrow 2{, through
an inlet duect 20 into the space 22A within an
annular matrix of heat exchanger tubes 22, and
through the matrix 22 into an annular outlet duch
23, the external wall of which is indicated at 23A.

With such an arrangement, it has been found
that the flow of the first fluid medium across the
heat exchanger tubes may give rise to a series of
circumferentially distributed nodal planes some
of which are indicated at 25. It will be noted
that these nodal planes are not parallel to a side
wall but are radial to the axis of the heat ex-
changer system; the number of the nodal planes
95 is determined by the circumferential dimen-
sions of the matrix 22 and the frequency of
vortex shedding. The vibrations which produce
the nodal system give rise to the undesirable
whistle effects previously mentioned.

Tn order to avoid this whistle effect, external
bafles as indicated at 24 are provided, which due
to their inclination to the radial planes serve to
absorb vibrational energy and prevent the main-
tenance of the nodal system in the annual ouflet
duct 23. It is not necessary to space inclined
bafles at a distance less than half the wave-
length of the resonant frequency.

If desired, there may also be provided radially
disposed bafies 26 (Figure 5) arranged within
the matrix 22, to be spaced apart by a mean dis-
tance, which is less than half the wavelength of
a note having a frequency corresponding to the
frequency of the vibrations induced by the pas-
sage of the first medium. Such bafies will there-
fore be spaced apart at somewhat less distance
than the dimension between the adjacent nodal
planes 25.

It has been found that the present invention
is particularly useful in its application to heat
exchangers for gas-turbine engines where the de-
sirability of designing the heat exchanger to have
small tubes, combined with the comparatively
high mass flow of exhaust gas (the first medium)
gives rise to high gas velocities through the tube
matrix and high frequency of vortex shedding.

Adoption of the invention not only reduces or
avoids objectionable noise but also avoids losses
arising from the production of wave energy.

We claim:

1. In heat-exchange apparatus of the class
comprising a casing, a matrix of tubes arranged
within said casing, an inlet connection to said
casing, an outlet connection from said casing,
said inlet and outlet connections being positioned
to permit a first fluid medium in passing from
said inlet copnection to said outlet connection
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to flow transversely across the tubes of said ma-
trix of tubes, and inlet connection to the tubes
of said matrix of tubes and an outlet connec-
tion from said tubes whereby a second fiuid me-
dium can flow in said tubes; the combination
with said matrix of tubes of a plurality of baffe
elements located within said casing between said
matrix of tubes and said outlet connection from
said casing thereby to be in the path of sald
first fluid medium on the downstream side of
said matrix of tubes, each said baffle element
being disposed at an acute angle to a plane con-
taining both the direction of the flow of said
first fluid medium through the matrix of tubes
at a location adjacent said baffle element and
also the lengthwise dimensions of the adjacent
tubes, whereby the formation of nodal planes
of resonant vibrations on the downstream side
of said matrix of tubes is inhibited.

2. Heat-exchange apparatus as claimed in
claim 1 comprising also internal bafle devices
within said matrix of tubes, said bafle devices
being arranged to be parallel both to the direc-
tion of adjacent flow of said first fluid medium
through said matrix of tubes and to the longi-
tudinal dimension of the tubes, and being spaced
with respect to one another by a distance which
is less than the distance between vibrational
nodes liable to form in said matrix in planes par-
alle] to said bafle devices.

3. Heat-exchange apparatus as claimed in
claim 2 having said baffle devices spaced from a
wall of said casing when adjacent a wall and
from a next adjacent bafle device by a distance
W given by the expression

0.6a-D
W_Vmax.

where @ is the velocity of sound in said first fluid
medium, D is the diameter of the tubes of said
matrix of tubes, and V max. is the maximum ve-
locity of said first fluid medium between the
tubes.

4. In heat-exchange apparatus comprising a
tubular casing member having an inlet thereto
and an ouflet therefrom, a matrix of parallel
tubes arranged within said casing in the flow
path between said inlet and said outlet with
their axes substantially at right angles to the
flow path, there being an inlet connection to

the tubes and an outlet connection from the °

tubes to provide a second flow path, the combi-
nation with said matrix of tubes of a plurality
of plate-like baffles arranged in first said flow
path between said matrix and said first outlet
thereby to be downstream of the matrix, each
sald baffie being contained in a plane contain-
ing the direction of flow from said matrix to
said first outlet and inclined at an acute angle
to nodal planes tending to develop downstream
of the matrix.

5. In heat-exchange apparatus comprising a
cylindrical casing having an inlet thereto and
an outlet therefrom, a plurality of tubes ar-
ranged within the casing with their axes par-
allel to one another and parallel to the casing
axis and to form an annular matrix with its
outer bounding surface spaced radially inwards
from the casing wall so that fluid flowing from
said inlet to said outlet flows substantially ra-
dially through the matrix of tubes, there being
an inlet connection to said tubes and an outlet
connection therefrom so that the bores of said
tubes afford a second flow path: the combina-
tion with said casing and said matrix of a plu-
rality of plate-like baffles located in said first
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flow path between said matrix and said first
outlet thereby to be downstream of said matrix
and circumferentially spaced in said fiow path
relative to said matrix, each said bafile being
contained in a plane which is parallel to the
casing axis and is inclined at an acute angle to
adjacent radii from the casing axis.

6. In heat-exchange apparatus comprising a
cylindrical casing having an inlet thereto and
an outlet therefrom, a plurality of tubes arranged
within the casing with their axes parallel to one
another and parallel to the casing axis and to
form an annular matrix with its outer bound-
ing surface spaced radially inwards from the
casing wall so that fluid flowing from said inlet
to said outlet flows substantially radially out-
wards through the matrix of tubes, there being
an inlet connection to said tubes and an outlet
connection therefrom so that the hores of said
tubes afford s second flow path; the combina-
tion with said casing and said matrix of a plu~-
rality of plate-like bafiles located in circumfer-
entially spaced relation in the annular space
between said annular matrix and said casing
wall thereby to be downstream of said matrix,
each said bafle being contained in a plane
which is parallel to the casing axis and is in-
clined at an acute angle to adjacent radii from
said casing axis.

7. Heat-exchange apparatus as claimed in
claim 6, comprising also bafles located in said
matrix each said bafile being radially disposed
with respect to the casing axis and being spaced
from each next adjacent baffle by a distance
which is less than half the wave length of a
note covering a frequency equal to the frequency
of vortex shedding from the matrix tubes.

8. In heat-exchange apparatus comprising a
tubular casing having an inlet at one end and
an outlet at its opposite end with a first flow
path between said inlet and outlet which flow
path is parallel to the casing axis, and a plu-
rality of parallel tubes extending across said
casing substantially at right angles to the cas-
ing axis and affording in their bores a second
flow path, the combination with said casing and
matrix of a plurality of plate-like bafles locat-
ed parallel to one another within said casing be-
tween said matrix and first said outlet thereby
to be on the downstream end of said tubes,
each of which baffles is in a plane which is par-
allel to the casing axis but is inclined at an
acute angle to the axes of the tubes.

9. Heat-exchange apparatus as claimed in
claim 8, comprising also baffles within said ma-
trix of tubes each said baffle being contained in
a plane parallel to the axis of said casing and
to the axes of the tubes and being spaced from
each adjacent bhafle by a distance which is
less than half the wave-length of a note cov-
ering a frequency equal to the frequency of vor-
tex shedding from the matrix tubes.

ROBERT WILLIAM CORBITT.
JOHN HUGH DALE.
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