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20
The heat radiation, which can be detected by IR sensors, can be reduced by the hot

- gases being cooled before being emitted. As a result, also the temperature of the
surfaces associated with the exhaust is usually reduced. This is carried out
according to prior-art technique, for instance, by fresh air from the exterior being

25 added to the exhaust gases before being emitted. The effect of the exhaust on the
heat signature of the vehicle highly depends on the difference between the heat
radiation from the exhaust, i.e. from the surfaces of the exhaust as well as the
emitted hot gases, and the parts of the vehicle which surround the exhaust.
Aftempts are made to reduce this difference to such an extent that the exhaust

30 cannot be localised on a sensor image of the vessel and preferably to such an
extent that the exhaust does not add to the signature of the vessel.

The reflection of radar energy can be reduced significantly according to the above-

mentioned stealth technique, usually by the vehicle absorbing the received radiation
35 orletting as much as possible thereof be reflected in a predetermined direction

which is different from the direction to the sender. The absorption can be provided
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device, their radiation and/or reflection of, for instance, 30 IR heat and

radar radiation from devices for such exhausts should be reduced to an
acceptabl e | Eheprawbacks of the known solutions to the problem are that

- they do not sufficiently consider the problems with the compromising emission of
heat and/or the reflection of radar energy
20 - they often utilise complicated equipment, such as electric fans, which makes the
devices complicated and expensive to manufacture and maintain as well as

vulnerable in a fighting environment.

Description of the Invention

25
Technical Problem
The object of the invention is to provide a device as mentioned by way of introduc-
tion for reducing the signature of hot gases exhausted from, for instance, vehicles
and vessels. By means of the device, their radiation and/or reflection of, for instance,
30 IR heat and radar radiation from devices for such exhausts should be reduced to an

acceptable level.

The Solution
This object is achieved by the device being given the features that are evident from

35 the appended claims.

According to the invention, an exhaust device is suggested, which comprises a
mixing means and a protecting means. In the mixing means, the hot gases are



The Solution This object is achieved by the device being given the features
that are evident from 35 the appended clains. According to the invention,
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the protecting means which are heated by mixed gases can, by thermal conduction,
be cooled by the parts through which cool fresh air flows. As a result, the mixed
gases are cooled, even before they are emitted to the exterior.

20
The mixing means may be a motor-driven fan, but preferably, if the hot gases have a
pressure above atmospheric, an ejector which is driven by these. The ejector is
simple and manages without motor or other movable parts. Moreover, the gases are
mixed well in the outlet nozzle of the ejector, which reduces differences in

25 temperature of the mixed gas and, thus, its maximum temperature. Except the use
of a conventional ejector, the use of an ejector is suggested, which is adapted to the
purpose and that is formed of, inter alia, a number of guide vanes.

In a further development, the exhaust device is suggested to comprise also a space

30 to which the outlet of the mixing means could be connected. But, according to the
preferred embodiment, the space accommodates essentially the entire mixing
means. The space could be arranged outside the vessel, but is preferably located
inside an opening, for instance in the side of the vessel, and is limited outwards by
the protecting means covering this opening. The space is limited inwards in a gas-

35 tight manner by a cup-shaped shell, which along its periphery is fixed to the side of
the vessel. A pipe arranged through a hole in the shell is used to conduct the hot
gas to the mixing means.



of a conventional ejector, the use of an ejector is suggested, which is
adapted to the purpose and that is formed of, inter alia, a number of
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20  section of the vessel wall and adds nothing, or very little, to, for instance, the radar
signature of the vessel. The outer surface does not have to be quite plane. It could
have the shape of a pyramid or ridge, for instance if the surrounding vehicle wall is

not plane.

25  In order not to increase the IR signature of the vessel, the exhaust device is arrang-
ed with screening elements to prevent heat, especially IR radiation, from radiating
directly to the exterior from the hot gases and parts of the device which are heated
by these gases. The screening elements can be positioned in the protecting means,
for instance, in the form of a grating or as parts of the mixing means, such as the

30 above-mentioned guide vanes of an ejector.

Advantages

According to the invention, a simple device is obtained for emitting hot gases from

a vessel without significantly increasing the signature of the vehicles. It may here be
35 mentioned that the exhaust is usable also on boats in which previously the exhaust

gases were emitted below the water surface for reduced IR signature. With

improved sonar systems, however, this is no longer possible.
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Fig. 3 is a longitudinal section of a second alternative of the device.

Fig. 4 is a longitudinal section of a protecting means from the device in Fig. 3
in detail.

20
Preferred Embodiment

The embodiment will be described by means of two alternatives of an exhaust for
exhaust gases of a tank. What particularly distinguishes the alternatives from each
25  other is on the one hand the composition of the mixing means and, on the other
hand, the location of these means in relation to the armour plating of the tank. The
invention is not limited to the combinations of mixing means and locations described

below.

30 Figs 1a and 1b show an exhaust the mixing means of which is a conventionally
designed ejector. The ejector is accommodated in a space which is arranged inside
the armour plating. The exhaust shown in Fig. 3 has, however, an ejector which is
specifically designed for the purpose and is accommodated in a space which essen-
tially is located outside the armour plating.

35
In Figs 1a and 3, the designations 1 and 2 are side walls of armour plating of the

tank. Said exhausts 5, 6 are flush mounted in openings 3, 4 in these walls. Exhaust
pipes 7, 8 are arranged from the engine of the tank to its exhaust.
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20 The main nozzle 14 is tubular and made of heat resistant pressed steel sheet and
attached by means of threads to the end of the exhaust pipe which extends a
distance into the space. It has a diameter decreasing towards its free end, whose
final dimension is most important to the operation of the ejector. The two
intermediate nozzles 15 are uniform, the latter intermediate nozzle being slightly

25  greater than the former. They are annularly made of pressed metal sheet with a
decreasing diameter just like the main nozzle and are each attached to the bottom of
the shell by means of a metal sheet double support 17.

The expansion nozzle 16, which is also made of pressed metal sheet, has an inlet
30 part which resembles the intermediate nozzles. However, the expansion nozzle
passes, after a retracted well rounded intermediate part, into an expansion tube at
whose end the expansion nozzle is attached by welding to a partition wall of steel
sheet 18 around a through hole in the wall. The partition wall, which is welded to the
bottom and sides of the shell, divides the space into a mixing portion 19 and an
35  outlet portion 20.

The protecting means 10 limits said space 12 towards the exterior 21 and acts as a
lid which is fitted to the shell and also connects to the tank side. The design of the
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10 limt#® said space 12 towards the exterior 21 and acts as a |id which is

fitted to th tdaah [g,srla@t " béhalesi of the
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protecting nme 3
i ndi cating tHRME WRLONHA OerrPH@a%%é" V‘%}&ss“g ?%ﬁfét"o@ag'@g qg@e(gﬁgg t hr ough
the ejector R@aadand &0 ﬂ\%ﬂﬂltﬂb&£nc§1ﬁ@t&ﬁmaﬂy héat rgdiateomaftan hohgdses aef @atter . Fresh

air fromthe exterio supplied by suction to the mxing portion 19
of the space'ofﬂtregdbﬁ‘ﬁedthgtpéo ‘8\” iR the protecting neans or, for 5
i nstance15t hrough a gap between the protecting neans and the tank wall. The

exhaust gase ou%ra ;pi%@ t%é%avggt'nsiggttﬁ dcrfn%ﬁhplgtlVa]éﬂhérte?ﬁﬁdthgﬁﬁﬁéct%' ch are

passed to e S porti on e space, whose pressure above
at mospheri c meBRs comprises a R 22, seeEis. 2. oVHishe Woep sPMBletecth NaE 1f SAMRP duct s

gf‘gteeg[‘l tnge n%g:ﬁ&éfﬁll%é@s RS OF theftark. ThaA &Sconlefiontymadgaiarmousplde t he
ing, slightly thicker than the armour plating in the walls of the tank. The plate has
20 through holes 23 to be passed by fresh air and mixed gases. The holes are made by
laser and have a diameter in the outer surface which is adapted to the enemy’s
radar, as described in the introductory part. A number of holes having d = 9 mm has
been selected which is so great that an acceptable flow resistance of the gas flows
is obtained.

25
The extent of the plate is fixed, inter alia, by the size of the holes and the distance

between them. The plate should be electrically connected to the tank wall and be
well fitted with its outer surface flush with the outer surface of the tank wall. The
plate could be fastened by means of, for instance, screws but is in this alternative

30 welded to the armour plating of the wall. The shell 11 located inside the plate is, of
course, dimensioned according to the size of the plate and the ejector.

To prevent IR heat from radiating through the plate holes, the protecting means

comprises a screen plate 24 with holes 25 of the same diameter and centre distance
35 as in the plate, but offset by half a spacing both longitudinally and transversely. The

screen plate is located inside the plate at a distance from the plate which slightly

exceeds the diameter of the holes.



Mor eover the protecting neans is arranged so that radar radiation behaves
in the sanme way on its outer surface as on the wall surfaces surroundi ng
t he prot ewDioago42oeans and so that it does not |et out anyPeeFsEoradsati on
from hot gases and parts |ocated insidegthe protecting neans. 15 For said
space to be |located inside the arnmour plating of the tank, the protecting
means conprises a plate 22, see Fig. 2, which, when conpleted, has the sane
pro- tectiveAnahatveEmbduimeatl | s of the tank. The plate is conveni ently made

of the tank e dRanE eﬁﬂ?ﬁ%yw*‘ﬂiféﬁs‘ﬂhwh”fﬁg 33 REEBbIRIGKER T Jiniclp 28, 1S
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i ntroductory part. nmb ol es havin been, sel ect ed
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obt ai ned. 2530 tiexé@austipd incteat af that part bikidd plate 22 whidhi ddntddys thadokisze of
the hol es ang, the distance between them The plate should be electrically
connected to“the tank wall and be well fitted with its outer surface flush
with the outer surface of the tank wall. The plate could be fastened by

means of, fof,L t@rﬁﬁguslfﬁéﬁ:ﬁﬁe@gih% &t ;H?s %Ilﬂérﬁatﬂzg ﬁ@ﬂ%éé’&n%ﬂm heggdito the

ar nour platlngo e sh ocat hep ate 1s, of
course, 't nefvsasrace 3&@vraieder Idarranged |'ftté‘ecﬁpa€¢léncbp@ﬁré“%%f5 #@AXiRg ector. To

prevent | R heghnd raﬂﬂbrpﬁfgt'eéﬁrid“rﬂeéﬁgwgmettm ﬁJh?é @hé]l% ﬁ&deto'ﬁﬁrrﬁ)élﬁtp%}ﬁwgng
means conprlses a screen di anet er and

centre di st afREn as:;tgeégmpﬁhlplmesmaatﬂée taBEfNaEfo g@?s‘ BQprﬁé'ma@Yg% Ry bot h

I Iong| t udi nabﬂ;a/ramwbnpioanwen'da&ieylsmﬂ'dms therfiestrieptritied axbalistCHieeshellis indtd & he
plate at a djistance fro C e ter of
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al t er natisve anchailldhys aenstithtel parsdfdig aimouriptpting., Inwidditiop ko Sbttgmivibhasetwo he
armour  protgghd ﬁé‘rahéi%ﬁel%uﬂﬁi of Fhith IRAREidb 35! op ridd fRfdr QldbSE Sovir) @ndlaldBur

plating. This exhaust _IsS refore suited for vehicles wth a stronger
armour pl ati tﬁx@ sigewalish&he 9Renjag of the entire space is sealed by the protecting means 3

which is attached along the periphery by means of screws to the armour plating so
that its plane outer surface is flush with that of the tank side.
20
The ejector 33, which operates with essentially two-dimensionally directed gas flows,
comprises a number of ejector parts 36, 40, 41 and 42 that will be described below.
These are sections of steel sheet, i.e. of the same cross-section along their length,
and extend parallel to the end walls of the shell between the inside 35 of the floor
25 side and the inside of opposite roof side. The exhaust pipe 8, which in the centrally
arranged hole 30 with a heat-insulating seal penetrates through one end wall of the
shell trough, opens in a distribution box 36 which distributes the exhaust gases
vertically.

30  The distribution box is symmetrically U shaped in cross-section and consists of an
intermediate piece 37 and two side pieces 38. The intermediate piece is formed with
a centrally arranged hole, into which the exhaust pipe 8 is inserted with an
intermediate heat-insulating seal. The gap between the side pieces tapers towards
the outlet opening, so that this opening will have an area, suitable by testing for its

35 function as the nozzle of the ejector. The distribution box is at its ends fastened in a
heat insulated manner to the inside of the bottom side and the roof side. The
distribution box is arranged with its symmetry plane parallel to the outer surface of
the protecting means 34.



5 descri bed above. The vulnerable area in the arnour plating is then
limted to a hole 30 for the exhaust pipe instead of that part of the

pl at e 22 wbiosloLent ai ns the holes 23. Like the previousl pCisEor/dizsd
exhaust, this alternative conprises a ligiting shell 31 10 for a space 32,
an EJECtOF 33 arranged in the space and operating as a mxing nmeans, and a
protecting neans 34. The trough-like shell is nmade of arnmour plating and
has the same thickness as the tank wall 2. It has approxinately the sane
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plating so {hat its plane outer surface is flush with that of the tank
side. 20 The ejector 33, which operates with essentially two-dinmensionally
directed gas flows, conprises a nunber of ejector parts 36, 40, 41 and 42
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hol e, into viEels, togethexwilthe Q}I'Cﬂ%p@el"s? PAeri¢tion apdithe expansien deAgePhthe
heat - i nsul atéjggoseal . The gap between the side pieces tapers towards the
out | et openi ng, so that this opening will have an area, suitable by testing
for its 35 function as the nozzle of the ejector. The distribution box is
at its ends lﬁalsnsenedaiwe the pretectingisiebas 84l neehnetrhave atrheuringiraizertids. Noe
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symmetry pl ane para sur tin ans 34.
20 vanes can take care of this, where the hottest parts of the space are posmoned The

protecting means, see Fig. 4, comprises an outer plate 43 made of steel sheet with
holes similar to those in the protecting means of the first embodiment. Inside this
plate there are one or two thin displaced inner plates 44 to ensure that no IR
radiation leaks out. In that part of the protecting means which lets in fresh air, the

25 inner plates can, depending on the design of the guide vanes as stated above, be
wholly or partly excluded.

Operation of the Embodiments
The hot exhaust gases (solid arrows) flow out through the nozzle of the ejector and
30 entrain cool fresh air from the exterior (sparsely dashed arrows) through the protect-
ing means into the ejector. There the two gases are mixed with each other. The mix-
ture is additionally improved in the expansion nozzle of the ejector, which is also
necessary for the efficiency of the ejector. The gas mixture (tightly dashed arrows),
which is considerably cooler than the hot gases, is pressed through another part of
35 the protecting means to the atmosphere. In vessels, the inlet part of the protecting
means is conveniently arranged in front of its outlet part; in stationary units below
this. Further cooling of both the mixture and that part of the protecting means which
lets out these gases is provided by heat being conducted through the protecting



WO 03/004296 PCT/ SE01/01436 9 Moreover the ejector parts conprise on the
one hand, in that part of the space which is divided by the symmetry pl ane
of the diwoDrishoi2zben box and facing the protecting neans, paTrsinben3of gui de
vanes 40 and a nozzle plate 41 and, on the other hand, in 5 the other part
of the space a guide plate 42 which extends fromthe opening of the
di stribution box the sane di stance as does the nozzle plate to the bottom
of the shel headdRoguhsteaviartash letshiut mixguegasts tathat parewhietilets i freshzies, are
strai ght or preferahl 10..Ci I - I = i In the
atter case, TPREYaREba AL PR PIBPEE, bR 88K b na
prot ecti ng neznusictivity, sushrasalureiniamny The rersivgddadaradigtiarmi refigctaddmntPeg neans.
They have Sugﬂat%gﬁgemaw%a; hemdhs Lans? ihekwaRR ddfe 8tiGindCwalrsigey.and

p

said symetr ne | ncreases for each additional U|ge yane .seen from the
di st ri butd onthgosehicles TBe Pratecting sReags e RiaEes TRE ARELYY &ogs %ﬁré{‘“ti?f%@ % r anged
to 15 creat ejheth@Rdrhsdredhibd off R raniatida finhét phts imtheashaust idedioe.and t he
expansi on nozzle of the ejector. In this alternative, the protecting nmeans
34 need not have arnouring properties. Nor does it have to be able to
screen off IR radiation to the same extent since the guide 20 vanes can
take care of this, where the hottest parts of the space are positioned. The
protecting neans, see Fig. 4, conprises an outer plate 43 nade of steel
sheet with holes simlar to those in the protecting nmeans of the first
enbodi nent. Inside this plate there are one or two thin displaced inner
plates 44 to ensure that no IR radiation |l eaks out. In that part of the
protecting neans which lets in fresh air, the 25 inner plates can,
dependi ng on the design of the guide vanes as stated above, be wholly or
partly excluded. Operation of the Enbodi nents The hot exhaust gases (solid
arrows) flow out through the nozzle of the ejector and 30 entrain cool
fresh air fromthe exterior (sparsely dashed arrows) through the protect-
ing means into the ejector. There the two gases are m xed with each other.
The m x- ture is additionally inproved in the expansion nozzle of the
ejector, which is also necessary for the efficiency of the ejector. The
gas mxture (tightly dashed arrows), which is considerably cooler than the
hot gases, is pressed through anot her part of



35 the protecting neans to the atnosphere. In vessels, the inlet part of
the protecting neans is conveniently arranged in front of its outlet part;
i n stati owerog/obé s below this. Further cooling of both Ph#/SEINe4BE and
that part of the protecting neans which,. ets out these gases is provided
by heat being conducted through the protecting WO 03/004296 PCT/ SE01/ 01436
10 neans fromthat part which |lets out m xed gases to that part which lets
in fresh air. The inner plates are therefore preferably made of a material
wi t h good thE{EE% conductivity, such as alum nium The received radar
radiation is ected by the protecting neans away fromthe sender in the
sane as the surrounding wall of e.g. 5 the vehicle. The protecting neans

al so provi des fQleviBOs} irbdubingQBE Ei3RAt UV éﬂho@géée&, ffm ah fwh@ @) of $GRiEENI NQ
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and that- sai mapéé?& Sﬁ)ttédﬁgg FRAAS c6AP¥dsIRDUAHOLE 23] 26) for paSsingBY ledqar passi ng
at least parts of to the exterior. 2. A device as clained

inclaimi1, ke fthe ga%%{xﬁgelto fhesex@en&rl n that 15 the protecting means
conprises parts which are made of an electrically conductive material,

oy O L2l K belge TEBAMARIRARSS nla 308 OUE PIS EaF et ne exterior,

and that the ducts are igure revent passage of the 1 ncom ng
survei | |‘éncetherpawieettngdnear@@owprlﬁeﬁm%@hla%a@l rapgeef amelesteeatly coaductivec h a r

act e r i a@rlbptﬁa@%ld pPREQINdYedarR 2D s &8 BiaRe shﬁé‘@i@&nb'ﬂﬂe extéridri or,
whose ci rcu erence does not éxceed the wave engft t he SUI’V?I | | ance
radi ati on. @and that the ducts are configured to prevent passage the mcommg surveillance

radiation.

20 3. Adeviceasclaimedinclam1or2, characterisedinthat
each duct has an opening towards the exterior, whose circumference does not
exceed the wavelength of the surveillance radiation.

4. Adevice as claimedinclaim1,20or3, characterisedinthat
25  the protecting means has through openings (23, 25) for passing at least parts of the
fresh air from the exterior to the means for mixing.

5. A device as claimed in any one of the preceding claims, c h aracter -
i s e d in that the protecting means is mounted in a wall (1, 2) of the unit with its
30 plane surface flush with an outer surface of the wall.

6. A device as claimed in any one of the precedingclaims, c haracter -

i s e d inthat the device also comprises a space (12, 32) which accommodates at

least parts of the means for mixing, preferably the entire mixing means, and that the
35 space is defined on the one hand by a shell (11, 31) towards the other spaces of the

unit and, on the other hand, by the protecting means towards the exterior of the unit.



4. A device as clained inclaiml1l, 2 or 3, char acteri sedin
that 25 the protecting neans has through openings (23, 25) for passing at

| east parwe foo42oe fresh air fromthe exterior to the neaa/dEor/onB&i ng. 5.
A device as clainmed in any one of the pr1«§ceding claimts, char acter -
i sedinthat the protecting neans is nmounted in a wall (1, 2) of the
unit with its 30 plane surface flush with an outer surface of the wall. 6.
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ej ector operated by the hot gases. 8. A device as clained in any one of the
preceding clains, c har acter - 5i sedinthat the protecting
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