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(57) ABSTRACT 

The invention relates to a device for multi-stage heat 
exchange and to a method for producing one such device, 
Whereby at least three free-?owing media (?uids) are used in 
three ?oW devices subdivided into at least tWo heat-ex 
changing or ?oW modules. Said modules respectively con 
sist of at least tWo ?oW elements that are arranged in such 
a Way that di?‘erent ?uids alternately ?oW through the same. 
For essentially liquid ?uids, the ?uids are distributed to the 
?oW elements by means of ?uid collecting devices or ?uid 
distributing devices connected in a gas-tight and liquid-tight 
manner. The main ?oW directions of all ?uids in the ?oW 
elements are in essentially parallel planes. At least tWo ?oW 
modules are directly mounted in series and/or by means of 
?uid distributing devices in a ?ow-connected manner at least 
in relation to one ?oW device. 
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DEVICE FOR MULTI-STAGE HEAT EXCHANGE 
AND METHOD FOR PRODUCING ONE SUCH 

DEVICE 

[0001] The present invention relates to an apparatus for 
multi-stage heat exchange, and to a process for producing an 
apparatus of this type. 

[0002] The demands imposed on modern cooling and 
air-conditioning systems in vehicles are constantly rising. 
This is partly attributable to the fact that the overall demand 
for cooling is increasing and partly to the need to improve 
the e?iciency of cooling systems, the boundaries of Which 
are being pushed further and further. The improved utiliZa 
tion of heat sources and heat sinks can lead to a higher 
degree of utiliZation of an overall concept and also to a 
reduction in consumption. The con?guration of heat 
exchangers plays a central role in this overall concept. 

[0003] Cooling and heating concepts of the current state of 
the art generally provide for single- stage heat transfer in heat 
exchangers. In the process, ?uids, such as for example 
coolant, refrigerant, oil, exhaust gas or charge air, are cooled 
or heated. The e?iciency Which can be achieved With single 
stage temperature control is normally limited. Therefore, to 
improve the performance of cooling circuits, it is in some 
cases appropriate for a ?uid to be cooled or heated over tWo 
stages. This is possible if, in addition to the ?uid Whose 
temperature is to be controlled, there are tWo further ?uids 
Which are at tWo different temperature levels. 

[0004] In general, one draWback of the tWo-stage control 
of the temperature of the ?uids is that the use of tWo heat 
exchangers connected in series in the conventional Way 
entails considerably increased costs as Well as a greater 
installation space requirement. 

[0005] The invention is therefore based on the object of 
providing an apparatus in Which the at least tWo-stage 
cooling or heating of a ?uid can be of compact and inex 
pensive con?guration. 
[0006] According to the invention, the object is achieved 
by an apparatus as claimed in claim 1. The process according 
to the invention for producing an apparatus of this type 
forms the subject matter of claim 20. Preferred embodiments 
and re?nements form the subject matter of the subclaims. 

[0007] The apparatus according to the invention for heat 
exchange has at least three ?oW devices, through Which at 
least one ?oWable medium (?uid) ?oWs. After they have 
?oWed through the individual ?oW devices, it is also pos 
sible for at least tWo of the at least three ?uids to be mixed 
in the heat exchanger and discharged together. 

[0008] It is preferable for the majority of the heat, pref 
erably over 60%, in particular up to 70%, to be transferred 
in the ?rst ?oW assembly of the cooling or heating. In the 
context of the present invention, the term ?oWable media or 
?uids is to be understood as meaning liquid and/or gaseous 
media of any desired viscosity, such as in particular, 
although not exclusively, oils, liquids, in particular With a 
high heat of evaporation, Water, air or gases as Well as 
refrigerants Which can evaporate or condense. The ?oWable 
media may in this case also contain additives, for example 
for inhibiting corrosion. 

[0009] Furthermore, the apparatus according to the inven 
tion has at least one ?uid in?oW device, at least one ?uid 
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collection and/or distribution device and at least one ?uid 
out?oW device for at least one ?oW device through Which 
substantially liquid ?uids ?oW. 

[0010] According to the invention, at least tWo ?oW 
assemblies are provided, each having at least tWo ?oW 
elements, Which are arranged in such a manner that different 
?uids ?oW through them alternately. Furthermore, the ?oW 
elements belonging to a ?oW device through Which substan 
tially liquid ?uids ?oW are connected in a substantially 
gastight and liquid-tight, positively locking and/or nonposi 
tively locking and/or cohesive manner to at least one ?uid 
collection and/or distribution device. 

[0011] According to the invention, the main directions of 
?oW of all the ?uids in the ?oW elements lie in planes that 
are substantially parallel to one another. Furthermore, tWo 
?oW assemblies of the apparatus according to the invention 
are directly connected in series in a positively locking and/or 
nonpositively locking and/or cohesive manner and/or ?oW 
connected by means of a ?uid distribution device, at least 
With respect to one ?oW device. 

[0012] In this context, a ?oW device is to be understood as 
meaning a device through Which a liquid or gaseous medium 
can ?oW and Which, in the case of the ?oW devices through 
Which substantially liquid ?uids ?oW, is delimited in a 
substantially gastight and liquid-tight manner With respect to 
the space surrounding it. The ?oW devices are in this case 
formed by ?oW elements Which are ?oW-connected in series 
and/or in parallel. 

[0013] In a preferred re?nement of the apparatus accord 
ing to the invention, these ?oW elements, at least in sections, 
are formed by in particular, although not exclusively, holloW 
disks, ?at tubes, plates and/or layers. In this context, holloW 
disks, plates or layers are to be understood as meaning 
substantially gastight and liquid-tight holloW bodies With 
inlet and outlet openings, the length and Width dimensions 
of Which are considerably greater than their height. In this 
context, the term ?at tubes is to be understood as meaning 
tubes Which When seen in cross section have a long side and 
a side Which is signi?cantly shorter than this long side. 

[0014] The ?oW elements may have one or more ?oW 
passages for the medium ?oWing through them. They may 
run in a straight line but they may also have a plurality of 
curved sections. In addition, the ?oW elements may also 
have tWisted sections, i.e. sections in Which the ?oW element 
is turned and/or Wound in on itself. 

[0015] In the context of the present invention, a ?uid 
distribution and/or collection device, in the case of the ?oW 
devices through Which substantially liquid ?uids ?oW, is to 
be understood as meaning substantially gastight and liquid 
tight holloW bodies Within Which ?uids can ?oW and Within 
Which these ?uids are collected. At the same time, hoWever, 
these ?uid distribution and/or collection devices can also be 
used to distribute the respective ?uids betWeen a plurality of 
?oW elements and/or to collect them again from various ?oW 
elements. 

[0016] In the context of the present invention, the term 
?oW-connected is to be understood as meaning that a ?uid 
can ?oW betWeen the ?oW elements, ?uid distribution and/or 
collection devices. The term substantially gastight and liq 
uid-tight is to be understood as meaning in particular, 
although not exclusively, a division by separating devices, 
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so that it is impossible for any ?uid to ?oW past the 
respective separating device along certain directions of the 
?oW devices, ?oW elements, ?uid distribution and/or col 
lection devices. 

[0017] The term direction of ?oW or main direction of 
?oW of a ?uid is to be understood as meaning the direction 
Which the ?uid preferably adopts Within a ?oW device, a 
?oW element and/or a ?uid distribution and/or collection 
device, disregarding locally limited changes in direction of 
the ?uid. 

[0018] In a preferred embodiment, the ?uid distribution 
and/ or collection devices are, in the broader sense, collection 
and/or distribution tubes. 

[0019] In another preferred embodiment, at least one ?uid 
collection and/ or distribution device is formed at least in part 
from longitudinal-side openings in the ?oW elements, a ?rst 
number of simple openings forming ?uid inlets and ?uid 
outlets With respect to adjacent ?oW elements, and sealing 
devices being arranged around a second number of open 
ings, in order to form passages in the corresponding ?oW 
element, through Which passages ?oW elements adjacent to 
this ?oW element are ?oW-connected. 

[0020] In the context of the invention, the ?rst number of 
longitudinal-side openings in ?oW elements, preferably in 
holloW disks, plates or layers, are to be understood as 
meaning in particular, although not exclusively, round 
punched-out apertures or drilled holes Which are provided in 
the signi?cantly longer and Wider sides of the ?oW elements. 

[0021] The sealing devices around the second number of 
longitudinal-side openings in ?oW elements, preferably in 
holloW disks, plates or layers, in the context of the invention 
are to be understood as meaning in particular, although not 
exclusively, stamped projections, Which adjoin the adjacent 
?oW element in a cohesive and/or positively locking and/or 
nonpositively locking manner, in the corresponding ?oW 
element or sealing rings. 

[0022] It is preferable for partition Walls to be provided in 
a substantially gastight and liquid-tight manner in individual 
openings, alloWing preferred control of the ?uid distribution 
by in particular, although not exclusively, stacking identical 
plate-like ?oW elements on top of one another. 

[0023] In another preferred embodiment of the apparatus 
according to the invention, turbulence-generating and/or 
turbulence-increasing shaped elements are preferably pro 
vided Within the ?oW device, Which shaped elements in 
particular contribute to increasing the heat transfer coeffi 
cient betWeen the ?uids of the various ?oW devices. It is 
preferable for these turbulence-generating or turbulence 
increasing shaped elements to be taken from a group Which 
includes in particular, although not exclusively, ?ns, Webs, 
studs, grooves, stamped indentations or milled-out sections. 

[0024] In another preferred embodiment, the turbulence 
generating and/or turbulence-increasing shaped elements are 
arranged in at least one ?oW element and/ or betWeen at least 
tWo ?oW elements. Furthermore, the pro?le of at least one 
?oW element preferably has turbulence-generating and/or 
turbulence-increasing properties. 
[0025] In another preferred embodiment, turbulence 
inlays are provided, preferably to be laid in at least one ?oW 
element, in particular, although not exclusively, in holloW 
disks, plates and/or layers. 
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[0026] In the context of the invention, turbulence inlays 
are to be understood as meaning in particular, although not 
exclusively, metal sheets Which have turbulence-generating 
and/or turbulence-increasing shaped elements, such as for 
example ?ns, Webs, studs, grooves, stamped indentations 
and/or milled-out sections and are laid in the ?oW elements, 
in a manner Which simpli?es production, preferably With 
external dimensions corresponding to the internal dimen 
sions of the ?oW elements, and preferably With punched-out 
apertures corresponding to the distribution devices With 
leaktightness device, in particular the stamped projections in 
the ?oW elements, for the passages through Which adjacent 
?oW elements are ?oW-connected. 

[0027] In another preferred embodiment of the apparatus 
according to the invention, at least tWo ?oW elements 
through Which different ?uids ?oW are connected on the 
longitudinal sides in a positively locking and/or nonposi 
tively locking and/or cohesive manner. 

[0028] In another preferred embodiment, at least tWo ?oW 
elements through Which the same ?uid ?oWs are connected 
on the longitudinal sides by means of in particular, although 
not exclusively, the turbulence-generating and turbulence 
increasing shaped elements Which have their oWn pro?le 
and/or are arranged betWeen them, in such a manner that at 
least one cavity Which is thereby formed betWeen these ?oW 
elements forms a ?oW element for a different ?uid. 

[0029] In another embodiment, the joins betWeen the ?oW 
elements are taken from a group Which includes soldered 
joins, Welded joins or adhesively bonded joins. 

[0030] In another preferred embodiment, at least one seal 
ing element, Which is formed in particular, although not 
exclusively, by separating elements and/ or holloW elements 
Which are empty of ?uid, is provided at least betWeen tWo 
?oW elements through Which different ?uids ?oW. 

[0031] It is preferable for at least one sealing element to be 
arranged betWeen ?oW assemblies Which are in series. 

[0032] In another preferred embodiment, at least one of 
the sealing elements has in particular, although not exclu 
sively, a holloW element Which is empty of ?uid, a leak 
tightness control opening. This proves advantageous in 
particular during production of the apparatus according to 
the invention, since then the individual ?oW devices are ?rst 
of all individually ?lled With their respective ?uids, and 
should the respective ?oW device prove not to be leaktight, 
for example as a result of a fault in the production process, 
it is possible for the ?uid Which escapes to be collected in the 
holloW or blind element, Which is initially empty of ?uid, 
and to demonstrate the lack of leaktightness by emerging at 
the leaktightness control opening. 

[0033] The method of ?rst of all ?lling each individual 
?oW device With its corresponding ?uid also makes it 
possible for the gastightness and liquid-tightness according 
to the invention of the various ?oW devices With respect to 
one another to be checked as a result of the ?uid Which has 
in each case been introduced passing into a second ?oW 
device. 

[0034] In another preferred embodiment of the apparatus 
according to the invention, at least one of the sealing 
elements has at least one leaktightness sensor, Which causes 
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a physically perceptible signal to be output in the event of a 
?uid escaping from one of the ?oW devices. 

[0035] In another preferred embodiment, at least tWo ?oW 
assemblies are separated from one another in a substantially 
thermally insulating manner, for example simply by being 
arranged spatially spaced apart, and/or alternatively by 
means of holloW elements that are empty of ?uid in par 
ticular arranged betWeen them. 

[0036] In another preferred embodiment, shaped elements 
are provided Within at least one ?oW element, Which shaped 
elements, at least in sections, alter the main direction of ?oW 
of the ?uid ?oWing Within the ?oW element. 

[0037] In another embodiment, at least one ?oW device 
has admixed With it, via at least one further in?oW device, 
a ?uid, in particular, although not exclusively, a ?uid Which 
corresponds to the ?uid in this ?oW device. 

[0038] In another preferred embodiment, the series con 
nection according to the invention of at least tWo ?oW 
assemblies With respect to at least one ?oW device is effected 
in such a manner that the temperature gradient of the ?uid 
of this ?oW device along the ?oW path of this ?uid from the 
?uid in?oW device to the ?uid out?oW device of this ?oW 
device has a substantially constantly decreasing magnitude 
With respect to each of the other ?uids ?oWing through the 
?oW assemblies of the ?oW assembly series connection. 

[0039] In another preferred embodiment, ?uids are mixed 
in the heat exchanger, it being possible for different propor 
tions of the overall ?uid to ?oW through different ?oW 
elements. 

[0040] Another preferred embodiment alloWs a ?uid to be 
divided in the heat exchanger, it being possible for different 
proportions of the divided ?uid to ?oW through different 
?oW elements. 

[0041] In another preferred embodiment, the heat 
exchange in individual ?oW assemblies takes place by 
condensation or evaporation of a ?uid. 

[0042] In further preferred embodiments, the individual 
?oW assemblies can be operated as crosscurrent, counter 
current or cocurrent heat exchange units. 

[0043] In another preferred embodiment, the heat 
exchanger is part of a cooling circuit, and the individual ?oW 
assemblies are supplied With the ?uid via a further loW 
temperature and/or high-temperature cooling circuit. 

[0044] In another preferred embodiment, the heat 
exchanger is used as an at least tWo-stage heat exchanger for 
use in land-based vehicles, aircraft or Water-borne vehicles, 
in particular for exhaust-gas cooling for an internal com 
bustion engine. 

[0045] Further advantages, features and possible applica 
tions of the present invention Will emerge from the folloWing 
description of exemplary embodiments, in conjunction With 
the ?gures, in Which: 

[0046] FIG. 1 shoWs a diagrammatic section through a 
heat exchange apparatus according to the invention With 
disk stacks arranged on top of one another as ?oW assem 

blies; 
[0047] FIG. 2 shoWs a perspective partially exploded vieW 
of the tWo-stage heat exchanger from FIG. 1; 
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[0048] FIG. 3 shoWs an upper longitudinal section vieW of 
tWo types of disk for another embodiment of the heat 
exchange apparatus according to the invention; 

[0049] FIG. 4 shoWs an upper longitudinal section vieW of 
tWo types of disk for another exemplary embodiment of the 
heat exchange apparatus according to the invention; 

[0050] FIG. 5 shoWs an upper longitudinal section vieW of 
tWo types of disk for another exemplary embodiment of the 
heat exchange apparatus according to the invention; 

[0051] FIG. 6 shoWs a perspective ghosted vieW of 
another exemplary embodiment of the heat exchange appa 
ratus according to the invention With ?oW assemblies 
arranged on top of one another; 

[0052] FIG. 7 shoWs a perspective ghosted vieW of 
another exemplary embodiment of the heat exchange appa 
ratus according to the invention With ?oW assemblies 
arranged next to one another; 

[0053] FIG. 8 shoWs a perspective ghosted vieW of 
another exemplary embodiment of the heat exchange appa 
ratus according to the invention With ?oW assemblies for a 
gaseous ?uid 2 arranged on top of one another; 

[0054] FIG. 9 shoWs a perspective ghosted vieW of 
another exemplary embodiment of the heat exchange appa 
ratus according to the invention With ?oW assemblies 
arranged on top of one another and an alternative arrange 
ment of an out?oW device. 

[0055] FIG. 10 shoWs a perspective ghosted vieW of 
another exemplary embodiment of the heat exchange appa 
ratus according to the invention With ?oW assemblies 
arranged next to one another and a common ?uid out?oW 

device; 
[0056] FIG. 11 shoWs tWo plan vieWs of further exemplary 
embodiments of the heat exchange apparatus according to 
the invention; 

[0057] FIG. 12 shoWs a cooling circuit in Which the heat 
exchanger shoWn in FIG. 10 has been integrated. 

[0058] A ?rst exemplary embodiment of the invention Will 
noW be described With reference to FIGS. 1 and 2. These 
?gures shoW a diagrammatic section through a tWo-stage 
heat exchanger, the ?oW elements of Which are disks and the 
heat exchange or ?oW assemblies of Which are formed by 
disk stacks arranged on top of one another With a holloW 
disk arranged betWeen them, and a perspective partially 
exploded vieW of the same heat exchanger, respectively. 

[0059] In FIG. 1, the ?uid 1 ?oWs in at the top left via the 
in?oW device 10 through the cover 5 into the ?oW assembly 
120 and passes ?rst of all through a second opening 100 With 
stamped projection through the top disk 22 into the top disk 
12 as ?oW element for ?uid 1. From there, the ?uid 1 has tWo 
possible directions of ?oW, namely on the one hand sub 
stantially diagonally over the top disk 12 to the ?rst opening 
102 illustrated in FIG. 2, in Which case along this path heat 
is exchanged With the ?uid 2 ?oWing through the disks 22 
located above and/or beloW. 

[0060] Then, ?uid 1 passes through the ?rst opening 102 
through a corresponding stamped projection in the disk 22 
beloW, Which in turn has ?uid 2 ?oWing through it, into the 
folloWing disks 12. On the other hand, the ?rst opening 101 
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illustrated in FIG. 2 also allows passage through the disk 22 
below to the following disks 12. However, a direct ?ow path 
for ?uid 1 directly through the ?rst and second openings of 
the disks of both ?ow assemblies from the in?ow device 10 
to the out?ow device 11 without the ?uid 1 having to ?ow 
across the disks 12 of the lower ?ow assembly 130 is 
blocked by means of the partition wall 71. 

[0061] Finally, from the bottom disk 12 of the upper ?ow 
assembly 120, ?uid 1 ?ows through a corresponding 
stamped projection in the blind disk 7 into the ?ow assembly 
130 which is thereby connected in series with ?ow assembly 
120 with regard to ?uid 1 and which forms a second heat 
exchange stage, the disks 12 of which produce similar ?ow 
paths between the disks 32 through which ?uid 3 ?ows, 
which now allows heat exchange between ?uids 1 and 3. 

[0062] The partition walls 72 and 73, as well as 74 and 75, 
separate the disks 22, as the main part of the ?ow device for 
?uid 2, from the disks 32, as the main part of the ?ow device 
for ?uid 3. Finally, ?uid 1 emerges from the two-stage heat 
exchanger 9 through the base 6 and the out?ow device 11. 

[0063] In a similar way, ?uid 2 ?ows through the disks 22 
of the upper ?ow assembly 120 and ?uid 3 ?ows through the 
disks 32 of the lower ?ow assembly 130, with the out?ow 
devices 21 and 31 for ?uids 2 and 3, respectively, corre 
sponding to the in?ow devices 20 and 30, in each case being 
arranged on the same side, ie at the top for ?uid 2 and at 
the bottom for ?uid 3. 

[0064] The blind disk 7, which is empty of ?uid, on the 
one hand allows thermal insulation of the ?ow assemblies 
120 and 130, which are preferably at different temperature 
levels, and on the other hand is also used to check the 
leaktightness and to prevent ?uids 3 and 2, in operation, 
from becoming mixed unnoticed in the event of leaks 
occurring in the two ?ow devices and/or ?uid circuits. The 
blind disk 7 is closed on all sides and has a small opening 
8 to the outside on the side of its edge web. In the event of 
a leak, the respective ?uid can ?ow out through this opening 
and does not penetrate into a different ?ow device. 

[0065] Turbulence-generating ?ns or elements may be laid 
between the disks 12, 22 and 32, and/ or the disks themselves 
have stamped-in ?ns, webs, and/or studs (not shown here). 
A predetermined compressive strength is achieved by sol 
dering the elevations in the form of the inlays or stamped 
indentations from disk to disk. 

[0066] FIG. 3 illustrates an upper longitudinal section 
view of the two types of disk for a two-stage heat exchanger 
which is formed from disks and in which two ?uids within 
the ?rst type of disk 15 are separated by means of two 
parallel webs 77, with in each case two smaller ?rst open 
ings 121, 122 and 131, 132 being provided as inlet and outlet 
for ?uids 2 and 3. Furthermore, the ?rst type of disk 15 has 
two larger second openings 113 and 114 with an encircling 
stamped projection as a passage opening for ?uid 1. 

[0067] By contrast, the second type of disk 25 in each case 
has two smaller second openings 123 and 124, and 133 and 
134, with an encircling stamped projection for the passage 
of ?uid 2 or 3, respectively, through the second type of disk 
25, as well as two larger ?rst openings 111 and 112 as inlet 
and outlet for ?uid 1 into and out of the second type of disk 
25. 
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[0068] FIG. 4 illustrates another variant of the two types 
of disk for a two-stage heat exchanger formed from disks, in 
which ?uids 2 and 3 are supplied via separate ?uid in?ow 
devices. The inlet and passage of ?uid 2 and 3 into or 
through the ?rst type of disk 17 is effected by means of two 
smaller third openings 126 and 136 with an interrupted 
encircling stamped projection. Two smaller second openings 
125 and 135 with an encircling stamped projection allow 
?uids 2 and 3 to pass through. Fluids 2 and 3 are mixed 
within the ?rst type of disk 17 and discharged via an 
additional, larger ?rst opening 1231. 

[0069] An additional, larger second opening 1232 with 
encircling stamped projection located in the second type of 
disk 27 allows the mixture of ?uids 2 and 3 to pass through 
the second type of disk 27. It is preferable for ?uids 2 and 
3 to be one ?uid which, however, is at different temperature 
levels at the ?uid in?ow devices. In this embodiment, the 
mixing of the ?uids means that there is no need for the ?ow 
devices to be separated by means of the webs 77 shown in 
FIG. 3. A characteristic of this embodiment is that the ?uid 
2 exchanges heat in cocurrent with ?uid 1, and ?uid 3 
exchanges heat in countercurrent with ?uid 1. 

[0070] FIG. 5 represents an upper longitudinal section 
view of the two types of disk for a two-stage heat exchanger 
formed from disks as shown in FIG. 3, with an additional, 
larger ?rst opening 141 acting as inlet for a ?uid 4, prefer 
ably corresponding to ?uid 1, into the second type of disk 26 
being provided in the second type of disk 26. It is preferable 
for ?uid 4 to be at a different temperature level than ?uid 1 
and/or it may also contain, for example, corrosion-inhibiting 
additives. 

[0071] FIG. 6 shows a perspective ghosted view of a 
two-stage heat exchanger, the ?ow elements of which are 
formed from ?at tubes 40 and cavities 50 between them, the 
?ow assemblies according to the invention for ?uids 1 and 
2 or ?uids 1 and 3 being arranged on top of one another, and 
the ?uid 1 whose temperature is to be controlled having its 
inlet and outlet on the same side. Cooling ?ns 99 which 
increase the surface area and contribute to increasing the 
heat transfer coe?icient between ?uids 1 and 2 are indicated 
between the ?at tubes. The compressive strength is increased 
by soldering the cooling ?ns 99 from ?at tube to ?at tube. 

[0072] FIG. 7 shows a perspective ghosted view of a 
two-stage heat exchanger, the ?ow elements of which are 
formed from ?at tubes 41 and from cavities 51 between 
them, with the ?ow assemblies according to the invention 
for ?uids 1 and 2 or ?uids 1 and 3 being arranged next to one 
another and the ?uid 1 whose temperature is to be controlled 
having its inlet and outlet on opposite sides. 

[0073] FIG. 8 shows a perspective ghosted view of a 
two-stage heat exchanger, the ?ow elements of which are 
formed from ?at tubes and from cavities between them, with 
the ?ow assemblies according to the invention for ?uids 1 
and 2 or ?uids 1 and 3 being arranged on top of one another, 
in accordance with FIG. 5, but with the possibility of 
dispensing with a feed and a discharge and a housing for the 
?ow assembly for ?uids 1 and 2, on account of the use of a 
gaseous ?uid 2, preferably the ambient air. The direction of 
?ow of the ?uid 2 is indicated by the arrow illustrated next 
to the corresponding reference numeral. 

[0074] FIG. 9 illustrates a perspective ghosted view of a 
two-stage heat exchanger in accordance with FIG. 5, with 
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the second heat exchange stage in the form of the ?oW 
assembly for ?uids 1 and 3 being used or dispensed With 
depending on the alternative arrangement, indicated by the 
dashed out?ow direction of ?uid 1, of the out?oW device for 
?uid 1 on the same side as or the opposite side to the in?oW 
for ?uid 1. 

[0075] FIG. 10 illustrates a perspective ghosted vieW of a 
tWo-stage heat exchanger as shoWn in FIG. 7, in Which it is 
possible to use more ?at tubes than in FIG. 7. A character 
istic feature of this exemplary embodiment is that ?uids 2 
and 3 are one ?uid, similarly to in FIG. 4. In this exemplary 
embodiment, ?uids 2 and 3 ?oW into the heat exchanger at 
di?‘erent mass ?oW rates and temperatures. The tWo ?uids 
mix With one another substantially in the common ?uid 
collection device for ?uids 2 and 3 and then ?oW out in 
mixed form via the common ?uid out?oW device. FIG. 10 
additionally shoWs a plan vieW of this exemplary embodi 
ment Which illustrates that the ?oW assembly comprising the 
?uids 1 and 3 is operated predominantly in cocurrent, the 
?oW assembly comprising the ?uids 1 and 2 is operated 
predominantly in countercurrent and not predominantly in 
crosscurrent in accordance With FIG. 7. 

[0076] This variant has advantages With regard to the 
cooling of exhaust gases. In the high-temperature ?oW 
assembly (HT ?oW assembly) comprising the ?uids 1 and 3, 
in accordance With the plan vieW, a very large amount of 
coolant ?oWs in cocurrent With the very hot exhaust gas 
through the cooler. The cocurrent arrangement substantially 
prevents the coolant from boiling. In the loW-temperature 
?oW assembly (LT ?oW assembly) comprising the ?uids 1 
and 2, a considerably smaller cool mass ?oW of coolant 
?oWs in countercurrent to the exhaust gas, Which has already 
been greatly cooled. Here, countercurrent connection can be 
permitted, since there is no longer a risk of boiling, on 
account of the exhaust-gas cooling Which has already taken 
place. The countercurrent connection has the advantage that 
the heat exchange betWeen exhaust gas and coolant is very 
high and the exhaust gas can be intensively cooled. 

[0077] FIG. 11 shoWs that the position of the ?uid in?oW 
and out?oW device, depending on the particular application, 
may also be set in such a Way that the ?oW through the entire 
cooler is in countercurrent (A) or cocurrent (B). This is 
possible if there is no risk of the coolant(s) boiling. 

[0078] FIG. 12 diagrammatically depicts the incorporation 
of a cooler 300 as shoWn in FIG. 10 for the case of exhaust 
gas cooling for an internal combustion engine 400. Numer 
ous circuit arrangements are conceivable; it is advantageous 
ifthe LT ?oW assembly 311 ofthe cooler 300 has a loW mass 
?oW, Which is cooled to a very loW temperature by air in a 
separate loW-temperature cooler 310, ?oWing through it. 
This loW mass ?oW is branched o? from the main ?oW 
doWnstream of the main air cooler 320 and cooled in the 
loW-temperature cooler 310. The HT ?oW assembly 321 of 
the tWo-stage cooler 300 has a greater mass ?oW at a higher 
temperature level, Which is branched o? directly from the 
mass ?oW of coolant ?oWing to the main air cooler 320, 
?oWing through it. 

[0079] It is also conceivable for the tWo-stage heat 
exchanger to have a dedicated coolant circuit, i.e. not to be 
incorporated in the actual engine cooling circuit. It is also 
possible for the LT circuit to have a dedicated pump. 
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1. An apparatus for heat exchange, having 

at least three ?oW devices through Which at least one 
?oWable medium (?uid) ?oWs; 

at least one ?uid in?oW device, at least one ?uid collec 
tion and/or distribution device and at least one ?uid 
out?oW device for each of the ?oW devices through 
Which substantially liquid ?uids ?oW, 

Wherein 

at least tWo ?oW assemblies are provided, each having at 
least tWo ?oW elements, Which are arranged in such a 
manner that di?‘erent ?uids ?oW through them alter 
nately, 

the ?oW elements belonging to at least one ?oW device 
through Which substantially liquid ?uids ?oW are con 
nected in a substantially gastight and liquid-tight, posi 
tively locking and/or nonpositively locking and/or 
cohesive manner to at least one ?uid collection and/or 
distribution device, 

the main directions of ?oW of all the ?uids in the ?oW 
elements lie in planes that are substantially parallel to 
one another, 

at least tWo ?oW assemblies are directly connected in 
series in a positively locking and/or nonpositively 
locking and/ or cohesive manner and/or ?oW-connected 
by means of ?uid distribution devices, at least With 
respect to one ?oW device. 

2. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the ?oW elements, at least in sections, are formed by in 
particular, although not exclusively, holloW disks, ?at 
tubes, plates, layers and the like. 

3. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one ?uid collection and/or distribution device is 
formed at least in sections in particular, although not 
exclusively, by holloW bodies and/or tubes. 

4. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one ?uid collection and/or distribution device is 
formed at least in part from longitudinal-side openings 
in the ?oW elements, a ?rst number of simple openings 
forming ?uid inlets and ?uid outlets With respect to 
adjacent ?oW elements, and sealing devices being 
arranged around a second number of openings, in order 
to form passages in the corresponding ?oW element, 
through Which passages ?oW elements adjacent to this 
?oW element are ?oW-connected. 

5. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

turbulence-generating and/or 
shaped elements are provided. 

6. An apparatus, in particular the apparatus as claimed in 
claim 1, 

turbulence-increasing 

Wherein 

the turbulence- generating and/ or turbulence-increasing 
shaped elements are taken from a group Which includes 
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in particular, although not exclusively, ?ns, Webs, 
studs, grooves, stamped indentations or milled-out sec 
tions. 

7. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the turbulence-generating and/or turbulence-increasing 
shaped elements are arranged in at least one ?oW 
element and/or betWeen at least tWo ?oW elements. 

8. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the pro?le of at least one ?oW element has turbulence 
generating and/ or turbulence-increasing properties. 

9. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least tWo ?oW elements through Which di?‘erent ?uids 
?oW are connected on the longitudinal sides in a 
positively locking and/or nonpositively locking and/or 
cohesive manner. 

10. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least tWo ?oW elements through Which the same ?uid 
?oWs are connected on the longitudinal sides by means 
of in particular, although not exclusively, the turbu 
lence-generating and turbulence-increasing shaped ele 
ments Which have their oWn pro?le and/or are arranged 
betWeen them, in such a manner that the at least one 
cavity Which is thereby formed betWeen these ?oW 
elements forms a ?oW element for a di?‘erent ?uid. 

11. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein the joins betWeen the ?oW elements are 
taken from a group Which includes soldered joins, Welded 
joins or adhesively bonded joins. 

12. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one sealing element, Which is formed in particular, 
although not exclusively, by separating elements, blind 
elements and/or holloW elements Which are empty of 
?uid, is provided betWeen at least tWo ?oW elements 
through Which di?‘erent ?uids ?oW. 

13. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one of the sealing elements is arranged betWeen at 
least tWo ?oW assemblies. 

14. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one of the sealing elements has in particular, 
although not exclusively, a holloW element Which is 
empty of ?uid, a leaktightness control opening. 

15. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least one of the sealing elements has at least one 
leaktightness sensor, Which causes a physically percep 
tible signal to be output in the event of a ?uid escaping 
from one of the ?oW devices. 

16. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

at least tWo ?oW assemblies are separated from one 
another in a substantially thermally insulating Way, in 
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particular, although not exclusively, by holloW ele 
ments and/or separating elements or by being arranged 
spaced apart. 

17. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

shaped elements are provided Within at least one ?oW 
element, Which shaped elements, at least in sections, 
alter the main direction of ?oW of the ?uid ?oWing 
Within the ?oW element. 

18. An apparatus, in particular the apparatus as claimed in 
Wherein 

at least one ?oW device has admixed With it, via at least 
one further in?oW device, a ?uid, in particular, 
although not exclusively, a ?uid Which corresponds to 
the ?uid in this ?oW device. 

19. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the series connection according to the invention of at least 
tWo ?oW assemblies With respect to at least one ?oW 
device is e?‘ected in such a manner that the temperature 
gradient of the ?uid of this ?oW device along the ?oW 
path of this ?uid from the ?uid in?oW device to the 
?uid out?oW device of this ?oW device has a substan 
tially constantly decreasing magnitude With respect to 
each of the other ?uids ?oWing through the ?oW 
assemblies of the ?oW assembly series connection. 

20. An apparatus, in particular the apparatus as claimed in 
Wherein, Wherein 

?uids are mixed in the heat exchanger, it being possible 
for different proportions of the overall ?uid to ?oW 
through di?‘erent ?oW elements. 

21. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

a ?uid is divided in the heat exchanger, it being possible 
for di?‘erent proportions of the divided ?uid to ?oW 
through di?‘erent ?oW elements. 

22. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

in individual ?oW assemblies the heat is exchanged by 
condensation or evaporation of a ?uid. 

23. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the individual ?oW assemblies can be operated as cross 
current, countercurrent or cocurrent heat exchange 
units. 

24. An apparatus, in particular the apparatus as claimed in 
claim 1, Wherein 

the heat exchanger is part of a cooling circuit, and the 
individual ?oW assemblies are supplied With the ?uid 
from a further loW-temperature and/or high-tempera 
ture cooling circuit. 

25. A process for producing an apparatus for heat 
exchange, in Which: 

at least three ?oW devices are formed, in particular, 
although not exclusively, by punching out Well-shaped 
metal plates, Which form ?oW elements, With longitu 
dinal-side openings being punched out, of Which a ?rst 
number of simple openings form ?uid inlets and outlets 
With respect to adjacent ?oW elements, and sealing 
devices, in particular, although not exclusively, 
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stamped projections in the corresponding ?oW element 
Which adjoin the adjacent ?oW element in a cohesive 
and/or positively locking and/or nonpositively locking 
manner, in order to form passages in the corresponding 
?oW element, through Which passages ?oW elements 
adjacent to this ?oW element are ?oW-connected, being 
arranged around a second number of openings, 

Wherein 

at least tWo ?oW assemblies are formed by in particular, 
although not exclusively, stacking the ?oW elements on 
top of one another, in Which case the ?oW elements are 
to be arranged in such a manner that di?‘erent ?uids 
?oW through them alternately, 

the main directions of ?oW of all the ?uids in the ?oW 
elements lie in planes that are substantially parallel to 
one another, 
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at least tWo ?oW assemblies are directly connected in 
series in a positively locking and/or nonpositively 
locking and/or cohesive manner and/or in a manner 

?oW-connected by means of ?uid distribution devices, 
at least With respect to one ?oW device, 

joins selected from a group Which includes soldered joins, 
Welded joins or adhesively bonded joins being pro 
duced betWeen the ?oW elements, ?uid in?oW, out?oW, 
distribution and/or collection devices. 

26. The use of an apparatus, in particular the apparatus as 
claimed in claim 1, as an least tWo-stage heat exchanger for 
use in land-based vehicles, aircraft or Water-bome vehicles, 
in particular for exhaust-gas cooling for an internal com 
bustion engine. 


