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DESCRIPTION

[0001] The present invention relates to heat exchangers, in particular to heat exchangers employed in boilers and exhaust gas
boilers.

[0002] It has been realised that in certain situations during operation of pin tube boilers unwanted and unacceptably high noise
levels may arise. Tubes having surface enlarging elements such as pins used in boilers have been described in previous patent
publications such as US 5,626,187, WO 03/005467 A1, WO 03/033969 A1, WO 90/02916 A1.

[0003] The present invention relates to boilers having a convection chamber including a number of tubes for the exchange of
heat, specifically boilers including tubes fitted with surface enlarging elements such as a number of pins for the improved
exchange of heat.

[0004] Certain boilers of this type have been proven to produce unacceptably high levels of noise, and a need for suppressing
or cancelling the noise exists. This noise has been identified as consisting of single frequency tones in the range 300-700 Hz
Thorough investigations of the noise generating mechanisms responsible for the generation of the tones have been analysed
and it has been realised that the tones originate in the convection chamber of the boiler.

[0005] Solution strategies fall into four categories. The first, and most simple, is to reduce the noise after the source, e.g. by
installation of a duct silencer in the exhaust from the boiler.

[0006] The other strategies consist in forestalling or disrupting the feedback mechanism. Results from a cold test showed that
reductions of up to 60 dB could be attained if the feedback mechanism was forestalled or suppressed.

[0007] The second strategy is to introduce damping in the convection chamber, in order to prevent the acoustic response from
reaching levels at which it can begin to significantly influence the unsteady flow structures that are its source, and thus to
preclude feedback.

[0008] The third strategy is the introduction of dividing plates to move the frequencies of the modes that are prone to feedback
out of the range of the excitation frequencies.

[0009] The fourth strategy is the modification of the pins to reduce the uncoupled excitation sufficiently that feedback never
takes place or to disrupt the interaction mechanisms that are responsible for the transfer of energy from the mean flow to the
fluctuating flow and acoustic fields.

[0010] These general categories are not mutually exclusive and a final solution may involve elements of all four.
[0011] Sound or noise suppressing means have been described in patent publications such as EP 0 876 539.

[0012] The above need together with numerous objects, advantages and features which will be evident from the below detailed
description of the presently and preferred embodiment of the heat exchanger for exchanging heat between a first and a second
medium according to the present invention are obtained according to the teachings of the present invention by a heat exchanger
for exchanging heat between a first and a second medium, the heat exchanger comprising:

a casing having a compartment enclosing a plurality of substantially parallel tubes, the compartment comprising an inlet and an
outlet arranged such that the first medium is constrained to flow from the inlet to the outlet in a flow direction substantially parallel
to the tubes,

a plurality of elongate surface enlarging elements for the improved exchange of heat each having a first end attached to one of
the tubes and extending obliquely and generally transverse relative to the flow direction to a second unattached end. The heat
exchanger is characterized in that it further comprises at least one sound suppressing plate mounted between at least two of the
tubes such that the compartment is subdivided into two or more sub-compartments, each of these sub-compartments comprising
a plurality of the tubes.

[0013] Surprisingly the plate dampens the noise generated in the boiler without causing an additional loss of pressure. The
tubes with the surface enlarging elements may be placed such that the highest number of tubes per area is achieved and thereby
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minimising the space between the surface enlarging elements. The plate may comprise several pieces of material assembled into
a single structure. Alternatively the plate is a unitary piece of material and may be bent or shaped such that the plate fits closely
in the space between the tubes, e.g. between the surface enlarging elements.

[0014] The tubes may be arranged in the heat exchanger in a number of geometrical configurations such as placed side-by-side
resulting in an overall geometry resembling a square or rectangular shape, preferably the tubes are configured in a honeycomb-
like structure.

[0015] The surface enlarging elements may be formed by a sheet including a base part and a part including a number of
elements having a free end. Alternatively the surface enlarging elements may be formed individually, e.g. the surface enlarging
elements may be formed in a separate process and subsequently attached to the tube. Alternatively the surface enlarging
element may be formed integrally with the tube.

[0016] In the currently preferred embodiment of the present invention the second unattached end is located upstream of the first
end relative to the flow direction. Surface enlarging elements know in the art have been orientated such that the free end of the
surface enlarging element is located downsteam of the first end relative to the flow direction and subsequently problems with
condensing water accumulating on the surface and in the joint of the surface enlarging element and the tube have been seen.
Previously the surface enlarging elements have been orientated this way because assumptions were that this orientation would
yield the lowest pressure drop whilst gaining maximum or near maximum heat transfer, however surprisingly it has been realised
that orientating the surface enlarging elements this way has improved the noise level whilst the pressure drop remained the same.

[0017] In the currently preferred embodiment of the present invention the surface enlarging elements may be substantially
tubular shaped. The surface enlarging elements are preferably tubular shaped, i.e. pin shaped. The cross section of the surface
enlarging elements may take on other shapes, such as trapezoidal, square, rectangular, elliptical or any combination and/or
variation thereof.

[0018] The surface enlarging element may define a length between the first and the second ends in the interval 10 to 60 mm,
such as 20 to 55 mm, such as 40 to 50 mm, such as 41 to 50 mm, preferably 43 mm. The length of the surface enlarging element
may be the same for all surface enlarging elements or the length may vary, e.g. the surface enlarging elements may have two
different lengths. Alternatively the length of the surface enlarging elements may increase or decrease along the tube. Further
alternatively the length of the surface enlarging elements may be random or pseudo randomly chosen. Still further alternatively
the length of the surface enlarging elements may be varied as a function of the distance from a specific point on the tube, e.g.
from the first surface-enlarging element.

[0019] Preferably the surface enlarging elements are made from steel, such as stainless steel, or alternatively aluminium or
copper. The surface enlarging elements are preferably made from a material having a melting point at a high temperature and
having a high thermal conductivity.

[0020] Alternatively the surface enlarging elements may define a curve. The surface enlarging elements may define curves that
are differentiable, or alternatively curves that include bends or breaks, the surface enlarging elements may further alternatively
include a number of bends or breaks.

[0021] The sound suppressing plate includes a plurality of apertures having a size within the range 0,01 mm to 2 mm, such as
0,5 to 1,5 mm, such as 0,75 mm to 1,25 mm, preferably substantially equal to 1 mm. The apertures of the sound suppressing
plate may have different sizes, or all apertures may have substantially the same size. The placement or distribution of the
apertures may be substantially uniform across the plate or apertures may be located in a number of specific areas.

[0022] The apertures may be substantially elliptical, circular, square, rectangular or any combination thereof. Preferably the
apertures are all substantially elliptical. Alternatively a first plurality of apertures may have one geometrical configuration and a
second plurality of apertures may have another geometrical configuration, further alternatively multiple pluralities may each have
a specific geometrical configuration, thereby combining all of the geometrical configurations mentioned above.

[0023] Preferably the sound suppressing plate is made from steel, stainless steel, aluminium, galvanised steel or alternatively
made from a ceramic material.

[0024] The sound suppressing plate may have a thickness of 0,508 mm (0,020") to 5,08 mm (0,2"), such as 1,016 mm (0,040"),
such as 2,032 mm (0,080"), such as 3,048 mm (0,120"), preferably 1 mm.
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[0025] In the currently preferred embodiment of the present invention the first medium is flue gas or air and the second medium
is mainly water and/or steam. The first medium is preferably located in between the tubes and carries the heat from a furnace or
the like to the heat exchanger chamber. Other embodiments utilising other fluids may, however, be envisioned. As heat is
absorbed from the first medium through the surface enlarging elements to the second medium, and the second medium being
water, the water may eventually reach a point where the water is evaporated into steam, dependant on the pressure in the tubes.

[0026] According to the teachings of the present invention a boiler, particularly a boiler for being installed in an ocean going
vessel, may comprise a heat exchanger including any of the above mentioned aspects. The boiler according to the teachings of
the present invention may be installed in ocean going vessels, such as in freighters, cargo boats, cargo vessels, general ships,
tankers or the like.

[0027] In the following the invention will be explained more detailed with reference to the accompanying drawings, in which:
Fig. 1 is a diagrammatical cross sectional view of a boiler comprising a heat exchanger according to the present invention,
Fig. 2 is a diagrammatical vertical cross sectional view of the of Fig. 1,

Fig. 3 is a diagrammatical cross sectional segmental top-down view of the convection chamber of the boiler of Fig. 1, and

Fig. 4 is a diagrammatical elevated view of the segment of Fig. 3.

[0028] Fig. 1 is a horizontal cross sectional side view of a boiler comprising a heat exchanger according to the present invention,
the boiler in its entirety is designated the reference numeral 10. The boiler 10 comprises a burner outlet 12 mounted at the top of
the boiler 10. The burner outlet 12 is in fluid communication with the furnace chamber 14 located inside the boiler 10. The burner
outlet 12 releases a flame 16 into the furnace chamber 14. The hot gas escapes the furnace chamber 14 via an opening 18 in
the side wall 20. The hot flue gas passes from the bottom of the convection chamber 22 along a number of tubes 24. The tubes
24 are fitted with a number of pins having at least two different lengths. In the presently preferred embodiment of the present
invention, the lower part of the tubes 24 is fitted with 15 rows of pins having a length of 34 mm. These short pins are fitted to the
tube for receiving the flue gas directly from the furnace chamber 14 and cools it approximately 150°C. Fitting the tube with long
pins in this section may cause the long pins to melt. In a section above the section comprising the short pins 26, at least one
section comprising longer pins may be included. In the presently preferred embodiment the longer pins have a length of
approximately 43 mm.

[0029] All the pins may be welded onto the tube by resistance welding, such as by resistance butt-welding, resistance flash-
welding, resistance percussive-welding, resistance seam-welding, resistance spot-welding alternatively any other welding
technique, further alternatively combinations thereof. The pins may be formed integrally with the tube 24 during the forming of the
tube or part of the tube. In the presently preferred embodiment of the present invention the pins on the tubes 24 are pulled or
pushed through a matrix having a cross section smaller than that of the tube 24 fitted with a number of pins, thereby causing the
longer pins to be bent at an angle with respect to the surface of the tube 24. Preferably the short pins 26 are not bent, but
embodiments where the smaller pins are also bent may be envisioned. Due to tension and other physical phenomena the long
pins are bent approximately 5 mm from the surface of the tube 24. The pins may be weakened at a specific location if the pin is to
be bent at a different distance from the tube 24.

[0030] In the presently preferred embodiment of the present invention the pins are placed in substantial registration but
configurations where a first pin is placed shifted with respect to a second pin placed above or below the first pin may be
envisioned. As an alternative to placing the pins in level circles around the tube the pins may be placed so that they form a
staircase like structure, this configuration is often seen in heat exchangers employing surface enlarging elements having a
continuous surface. Reference is made to the patent publications US 3,752,228, US 4,258,782, US 4,227,572, US 4,648,441, US
5,240,070, US 5,046,556, US 3,621,178 and US 5,617,916.

[0031] Boilers, and heat exchangers, including pin tubes have been known to produce unacceptably high levels of noise. This
noise has been identified as mainly consisting of single frequency tones in the range 300-700 Hz. Thorough investigations of the
noise generating mechanisms responsible for the generation of the tones have been analysed and it has been realised that the
tones originate in the convection chamber of the boiler.

[0032] Periodic fluctuations in the airflow behind the pins on the tubes 24 may induce unsteady pressure fluctuations on the pins
themselves, which internally act as an acoustic source. Assuming there is no feedback, these sources can reasonably be
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approximated as point dipoles having a frequency distribution peaked around a frequency that can be derived from the
dimensionless Strouhal number, where the Strouhal number is defined as the peak frequency of the pressure fluctuations
multiplied with the diameter of the pins and divided with the free stream mean flow speed.

[0033] Without feedback, the frequency response of the acoustic forcing in the convection chamber 22 is dependant on the
structure of the chamber and assuming there is little or no damping the frequency giving the maximum response to a given forcing
is identical to the eigenfrequency of the convection chamber 22. However, when there is significant damping, the frequency giving
the maximum response deviates from the real part of the complex eigenfrequency of that mode. This mathematical subtlety has
important consequences for the prediction of observed frequencies.

[0034] It has been empirically determined that configuring the tubes 24 such that the bent pins are bending towards the air flow
reduces the noise generated by the periodic fluctuations in the airflow behind the pins without additional loss of pressure. In all
previous embodiments of boilers including tubes having surface enlarging elements, such as pins or fins, the surface enlarging
elements are bent in a direction following the direction of the air flow, i.e. downstream.

[0035] Noise may further be reduced by introducing sound absorbing material on the side walls of the convection chamber 22,
e.g. Rockwoll, alternatively between the outside of the walls 36, 44, 40 and 42, further alternatively sound absorbing material may
be applied or affixed to the outside of the boiler, e.g. on, or alternatively in, the exhaust duct leading out from the boiler.

[0036] After the flue gas has passed the section comprising the short pins 26 and the section comprising the long pins 28, the
flue gas is exhausted from the boiler 10 through an exhaust outlet 30.

[0037] The boiler 10 is further equipped with a water reservoir 32 in fluid communication with the tube connections 24. The hot
flue gas transfers heat to the tubes 24 through the surface of the tube 24 and the surface enlarging elements, e.g. the pins on
the tubes, and thereby transfers heat to the water or steam inside the tubes 24 collected from the water reservoir 32. The water is
heated and evaporates inside the tubes 24 and the steam rises into the steam room 34 where the steam may condens into water
again and may be returned to the water reservoir 32 via tubes in the side walls of the furnace chamber 14. In the presently
preferred embodiment of the present invention the steam is released into a not illustrated system where the steam is utilised for
other purposes, such as heating the oil used in the burner 12 and for driving a pump system, also not illustrated here. The water
inside the boiler 10 may be replenished from an external source of water.

[0038] Fig. 2 is a cross-sectional view of the boiler of Fig. 1 along the line A-A. Fig. 2 illustrates the placement of the tubes 24 in
the convection chamber 22 constituted by four rows of tubes 36, 38, 40 and 42. The tubes are interconnected with a metal bar
welded between neighbouring tubes, thereby creating a wall. The furnace chamber 14 is constituted by a panel wall 44. At the top
of the tubes constituting the wall 42 some of the tubes are bent outward for establishing the exhaust outlet 30, also no metal bars
are welded to the tubes in this region.

[0039] Fig. 2 further illustrates the placement if the burner outlet 12 in the furnace chamber 14. A number of stays 46 are
employed to support the top and bottom of the steam chamber 34.

[0040] In the convection chamber 22, two sound absorbing elements 50, 52 are shown placed in between the tubes 24. The
sound absorbing elements 50, 52 serve, partly, to divide the convection chamber 22 and thereby altering the audio
characteristics of the convection chamber 22. The sound absorbing elements 50, 52 are preferably of a type characterised by not
causing a loss of pressure. In the presently preferred embodiment of the present invention the sound absorbing elements 50, 52
are plates of the material described in EP 0 876 539 B1. The sound absorbing element employed in the presently preferred
embodiment of the present invention are marketed by Sontech Noisecontrol, a company of Sweden, with the product name
AcustiMet.

[0041] Fig. 3 is a zoomed view of the box B illustrating the sound absorbing element 52 and a number of tubes 24 of the boiler of
Fig. 1 and 2. The tubes 24 are placed in a honey-comb like configuration for achieving the highest density of pins and tubes, but
other configurations may be envisioned such as square, circular or any other geometrical configuration or combinations hereof.
The sound absorbing element 52 is bent so that it may be placed in the narrow space between at least two adjacent pins 28. In
the presently preferred embodiment of the present invention, the space between pins varies between 3 to 5 mm. The theoretical
spacing between the pins is 6 mm.

[0042] Fig. 4 is a schematic view along the line C-C of Fig. 3 illustrating the spatial distribution of the pins 28 relative to the flow
of the hot gas, illustrated by the arrows R, and the placement of the sound absorbing element 52.
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[0043] Once the noise is generated in the boiler, it propagates to the ship primarily through the exhaust ducting. Any noise that
is transferred through the boiler structure to the machine room is most likely insignificant against the much higher interior
background noise levels from, for instance, the ventilation system.

[0044] Regular duct silencers provide acoustic attenuation with sound absorptive materials behind perforated metal sheets
arranged in baffles. The installation of a silencer in the exhaust ducts of the boiler does not remove the source of the noise, but
instead absorbs the noise after it is generated. A 1m silencer can give a reduction in the range of approximately 15-30 dB(A),
depending on the pressure drop that can be accommodated.

[0045] Installation of a silencer is a simple, effective and flexible solution. The selection of an appropriate silencer to give the
required acoustic attenuation for an acceptable pressure loss, without an attendant increase in noise caused by flow through the
silencer itself is a relatively straightforward engineering procedure.

[0046] It should also be noted that if there are noise propagation paths other than through the exhaust ducting, failing to tackle
the noise problem at source still allows the possibility for the tones to be observed.

[0047] The introduction of acoustic absorption into the convection chamber is designed to prevent the initial acoustic response
of the chamber from attaining levels sufficient to precipitate the feedback process. Results from the cold test indicate that this
could be a very successful way of eliminating the interaction mechanism and thus of dramatically reducing sound levels.

[0048] The acoustic absorption in the convection chamber could be plates, such as solid plates or perforated plates.

[0049] The perforated plate works by supporting a pressure difference across it while allowing a flow through the small holes in
the plate. The pressure drop is caused by a combination of inertial and viscous forces and leads to a loss of acoustic energy
corresponding to the difference in the work done by the pressure on the two sides of the plate. Physically, this energy is
converted to heat by viscous actions in the flow through the plate. By placing the plates strategically in the chamber, very high
absorption can be achieved for certain modes.

[0050] Results from the cold test show that significant attenuation can be achieved using perforated plates. In one test, all the
tones were completely removed, leading to an attenuation of approximately 50 dB.

[0051] The first questions that need to be addressed if installing perforated plates as an acoustic solution concern the
arrangement of plates that gives the most damping and the amount of damping that is necessary to forestall the feedback
mechanism. Unfortunately, results from the cold test can not be applied directly to the boiler, as the modal structure of the boiler
chamber is quite different from that of the cold test chamber. This is partly due to the different geometry and partly due to the
large vertical temperature gradient in the boiler.

[0052] The first step is to identify a correspondence between the observed frequencies and the frequencies of the eigenmodes
of the untreated boiler. This requires measurements of the tonal frequencies from an untreated boiler, as well as a calculation of
the eigenfrequencies of the convection chamber of the boiler. Once the modes that are prone to feedback are identified, the
optimal arrangement of plates can be determined by calculating the damping in each mode for different arrangements. By
appropriately scaling results from the cold test, it is possible to make an educated estimate of an appropriate amount of damping
and thus to evaluate whether the chosen arrangement should provide sufficient damping to forestall the feedback mechanism.

[0053] The procedure for determining the best arrangement of plates in a convection chamber is similar for each boiler size.

[0054] The acoustic properties of the plate are described by its resistivity, which describes the relationship between the pressure
drop across the plate and the flow velocity through it. Resistivity has the same units as acoustic impedance and the optimal
resistivity of a plate is equal to the impedance of the air in which it is placed. This is a critical issue that must be addressed when
approaching the perforated plate as a solution strategy in a hot boiler, where the temperature varies considerably along the axis
of the chamber. The issue of the appropriate resistivity must be addressed in the calculations to determine the optimum plate
arrangements. The issue of which hole size delivers the optimum resistivity at a given temperature must also be addressed.

[0055] An alternative to the perforated plate is absorbing material located on the walls of the chamber. The single most important
practical issue is to identify such a material that can withstand the high temperatures in the boiler while providing sufficient
acoustic absorption to forestall the feedback mechanism.
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[0056] An insulating material located on the walls would experience a certain deterioration of the acoustic properties of the
material with time, unless regularly and appropriately cleaned.

[0057] Provided a suitable material can be found the procedure for installing it appropriately is broadly similar to that for the
perforated plates. However in this case, the issue of how much damping is necessary to forestall the feedback mechanism is of
primary importance, and the principal questions concern the number of walls on which the absorbing material needs to be placed
and the amount, specifically the depth of material that is necessary to achieve the required damping.

[0058] Scaling of results from the cold test allows an educated estimate of what constitutes sufficient damping and, together with
calculations of the damping in each mode, whether a given arrangement should provide sufficient damping to forestall the
feedback mechanism.

[0059] An alternative solution to introducing absorption to the chamber is to divide the chamber up with solid plates in an attempt
to create a number of smaller chambers whose cross-sectional modes have frequencies that are greater than the peak excitation
frequencies of the maximum flow speeds observed in the boiler.

[0060] It is the temperature at the top of the chamber that determines the lowest frequency at which a given cross-sectional
mode can exist. The temperature at the top of the boiler is approximately 300°C. In order that the frequency of the lowest cross-
sectional eigenmode should be greater than 700Hz at a temperature of 300°C, the longest length of a sub-chamber should be no
more than approximately 30cm. This corresponds to dividing the chamber into triangular sub-chambers each enclosing three pin
tubes.

[0061] The final solution strategy is to address the unsteady flow in an attempt to bring about an excitation that does not lead to
an acoustic response that can interact significantly with the flow. There are two ways of approaching this. First, feedback may be
avoided, or delayed to higher flow speeds, if the Strouhal number can be reduced so that the peak excitation frequency remains
below the lowest frequency of the cross-sectional modes. Second, it may be possible to exploit three-dimensional effects in the
flow to produce an excitation that is less coherent, less correlated and less susceptible to the influence of the acoustic response.

[0062] Tests have shown that the most significant improvement came when the 43mm pins were bent in the standard way, but in
the opposite direction, so that they were oriented oblique to the flow with the unattached end of the pins upstream of the attached
end. This configuration resulted in an improvement in the noise levels and a delay in the onset of the tones to higher velocities.

[0063] Onset of the tone around 250 Hz was delayed from 8.7ms-I to 9.3ms-| (7%), compared with the standard 43mm pin
configuration, but the attendant noise level was 7 dB higher at onset and 3 dB higher at max. The tone around 420 Hz was
delayed to 15.8ms-I from 13.9ms-1 (14%) with a decrease of 7 dB in noise level at onset and 5 dB at maximum. Finally, the 690 Hz
tone was delayed from 21.1 ms-1 to 23.6ms-1 (12%) with a 16-dB reduction in noise level at onset.

[0064] These results seem to indicate a delay of approximately 10% in the onset of the tones. Applied to the boiler this would
mean that the tone that appeared at 70% load would be delayed to about 75%. After modifications, the tone that appeared at
93% would be delayed to 96%.
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-1-
VARMEVEKSLER OG KEDEL OMFATTENDE VARMEVEKSLEREN
PATENTKRAV

1. Varmeveksler til udveksling af varme mellem et forste og et andet medium, hvilken varmeveksler

omfatter:

et hus, der har en afdeling, som indeholder en flerhed af i alt vaesentligt parallelle rar (24), hvilken
afdeling omfatter en indgang (18) og en udgang (30), der er placeret saledes, at det forste medium tvinges
til at stremme fra indgangen (18) til udgangen (30) i en stremningsretning, der 1 alt vesentligt er parallel

med rerene,

en flerhed af aflange overfladeforsterrende elementer (28) til forbedret udveksling af varme, hvor
hvert element har en forste ende, der er forbundet med ét af rarene (24) og straeekker sig péa skra og generelt

pa tvaers 1 forhold til stremningsretningen til en anden ikke-fastgjort ende, kendetegnet ved, at

varmeveksleren endvidere omfatter mindst én lyddempende plade (52), der er monteret mellem
mindst to af rarene (24), séledes at afdelingen er underopdelt i to eller flere underafdelinger, hvor hver af

disse underafdelinger omfatter en flerhed af rarene (24).

2. Varmeveksler ifalge krav 1, hvor den anden ikke-fastgjorte ende er placeret opstrems for den

forste ende 1 forhold til stremningsretningen.

3. Varmeveksler ifolge et hvilket som helst af de foregaende krav, hvor de overfladeforstarrende

elementer (28) 1 alt vasentligt er rerformede.

4. Varmeveksler ifelge et hvilket som helst af de foregaende krav, hvor det overfladeforsterrende
element (28) definerer en leengde mellem den forste og anden ende 1 intervallet 10 til 60 mm, sasom 20 til

55 mm, sasom 40 til 50 mm, sasom 41 til 49 mm, fortrinsvis 43 mm.

5. Varmeveksler ifalge et hvilket som helst af de foregiaende krav, hvor de overfladeforsterrende

elementer (28) er fremstillet af stal, sasom rustftit stél, eller som et alternativ aluminium eller kobber.

6. Varmeveksler ifelge et hvilket som helst af de foregaende krav, hvor det overfladeforsterrende

element (28) definerer en krumning.

7. Varmeveksler ifolge et hvilket som helst af de foregaende krav, hvor den lyddempende plade (52)
indbefatter en flerhed af dbninger, der har en starrelse inden for intervallet 0,01 mm til 2 mm, sésom 0,5 til

1,5 mm, sasom 0,75 mm til 1,25 mm, fortrinsvis i alt vaesentligt lig med 1 mm.

8. Varmeveksler ifelge krav 7, hvor abningerne 1 alt vaesentligt er ellipseformede, cirkelformede,

firkantede, rektangulaere eller en hvilken som helst kombination deraf.

9. Varmeveksler ifolge et hvilket som helst af de foregaende krav, hvor den lyddempende plade (52)

er fremstillet af stal, rustfrit stal, aluminium, galvaniseret stal eller et keramisk materiale.

10. Varmeveksler ifolge et hvilket som helst af de foregaende krav, hvor den lyddempende plade (52)
har en tykkelse pa 0,508 mm (0,020") til 5,08 mm (0,2"), sasom 1,016 mm (0,040"), sdsom 2,032 mm
(0,080"), sdsom 3,048 mm (0,120"), fortrinsvis 1 mm.

11. Varmeveksler ifalge et hvilket som helst af de foregaende krav, hvor det farste medium er en gas,

fortrinsvis reggas, og det andet medium primeert er vand og/eller damp.
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12. Kedel, navnlig kedel til montering i et oceangaende fartej, hvilken kedel omfatter en varmeveksler

ifolge et hvilket som helst af kravene 1 til 11.
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Fig 1
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