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The invention relates to a device for exhaust-gas recirculation (EGR), in particular in 

diesel engines. It furthermore relates to a method for exhaust-gas recirculation 

(EGR), in particular in diesel engines.

It also concerns a process for exhaust gas recirculation (EGR), in particular for diesel 

engines covered by claim 11.

Known embodiments of exhaust-gas recirculation (EGR) conduct an exhaust-gas 

train branched off from the engine, on the exhaust-gas side, for recirculation into the 

fresh-air path of the engine, within an EGR section. They comprise a cooling device 

connected with the cooling system of the engine as an exhaust-gas/coolant heat 

exchanger, as well as an EGR valve, the task of which consists in regulating the 

recirculated amount of exhaust gas with adaptation to the characteristic field data of 

the engine.

In this regard, reference is made to DE 10 2010014 845 Al as an example. Further 

similar embodiments are described in EP 2 378 104 Al and DE 10 2011 001 461 Al.

On the one hand, an important concern in connection with diesel engines is to utilize 

exhaust-gas recirculation (EGR) for NOx reduction. In this regard, exhaust gas that 

is as cold as possible is to be supplied to the engine on its fresh-air side, in order to 

keep the process temperature as low as possible for the stated purpose. For this 

reason, it is provided, according to a known embodiment, to dispose the EGR valve 

on the cold side of the heat exchanger, but this brings with it the disadvantage that 

the EGR valve tends to accumulate soot at operating points below the condensation 

point of the exhaust gas.

In the case of another known embodiment, the EGR valve is therefore disposed on

the hot side of the heat exchanger, but this causes it to be subject to great thermal



DK/EP 3295014 T3

5

10

15

20

25

2

stress, and therefore it only achieves the limited useful lifetime that is similar to a 

component subject to wear.

In addition, cooler aging (fouling) of the heat exchanger caused by surface deposits 

is an additional problem, leading to deterioration of the heat transfer in the cooling 

section, and this has a disadvantageous effect on the method of action of the EGR 

section.

In contrast, the present invention is based on the task of creating an improved device 

of the type stated initially, which avoids the stated disadvantages, in particular, it 

relieves thermal stress on the EGR valve in favor of a longer useful lifetime, and 

thereby meets the requirement of efficient EGR recirculation for robust and long- 

lived industrial diesel engines.

According to the invention, this goal is achieved with a device according to claim 1 

and further embodiments, as well as with a method according to claim 10 and further 

embodiments.

Because of the fact that according to the proposal of the invention, the cooling 

device is divided into an EG pre-cooler and an EG main cooler that follows it, the 

possibility exists of disposing the EGR valve between the EG pre-cooler and EG 

main cooler, with a valve housing being provided there to accommodate the EGR 

valve.

In this regard, both cooling of the valve housing in which the EGR valve is

accommodated and internal cooling of the EGR valve are unproblematic, in that a

coolant connector to the EG pre-cooler is assigned with the EGR valve. In this

manner, external cooling of the EGR valve, the electrical components of which can
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furthermore be connected with separate internal cooling, takes place by way of the 

cooled valve housing.

Furthermore, the EG pre-cooler can be supplied with coolant by way of the coolant 

connector of the valve housing.

The branched-off exhaust gas is first cooled off in the EG pre-cooler and, after 

passing through the EGR valve, in the EG main cooler, so that a mixed temperature 

that promotes NOx reduction is achieved on the fresh-air side of the engine. 

Because of the fact that the EG main cooler follows the EGR valve, there is no risk 

of soot accumulation in the EGR valve cause by low temperatures of the recirculated 

exhaust gas.

By means of the serial circuit of EG pre-cooler and EG main cooler according to the 

invention, the influence of disadvantageous cooler aging is furthermore 

counteracted, because a decrease in the cooling effect of the EG pre-cooler is 

compensated by the downstream EG main cooler. In the event of an increasing entry 

temperature difference on the side of the EG pre-cooler, a higher entry temperature 

difference on the side of the AG main cooler also occurs, which cooler thereby 

approximately compensates the decrease in cooling effect of the EG pre-cooler. In 

this way, the disadvantage fouling problem is eliminated by means of maintaining 

the mixed temperature on the fresh-air side of the engine, i.e. deposits in the EG 

cooling system do not lead to an increase in the exhaust-gas temperature after the EG 

main cooler, within certain limits, even if a certain deterioration of the heat transfer 

caused by cooler aging would have to be accepted in the EG pre-cooler.

Both the EG pre-cooler and the EG main cooler can advantageously be configured as

cast parts, either in one-part form or multi-part form.
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In this regard, it can be provided, according to the invention, that the EG pre-cooler 

and the valve housing are configured as a one-part component.

Production simplification results from the further variant that the EG pre-cooler 

and/or the EG main cooler each have a multi-part housing. This is connected with 

the advantageous possibility that a pre-fabricated heat-exchanger insert part can be 

installed into the cooler housing, in each instance, and that in this manner, the EG 

pre-cooler and the EG main cooler can be equipped with the same heat-exchanger 

insert parts. Preferably, commercially available pipe-bundle heat exchangers can be 

used as heat-exchanger insert parts for the exhaust gas.

In this connection, the variant that a housing part of the pre-cooler and/or of the main 

cooler that connects with the valve housing is configured in one piece, in each 

instance, with the valve housing can be advantageous; in this way, it is possible to 

eliminate two separate components, and sealing flanges with screw connection parts 

are not required.

In a first embodiment variant, the engine cooling water for the EGR system is 

withdrawn from the engine cooling-water circuit, and it is advantageous if it is first 

conducted to the valve housing. In this housing, it is divided into multiple cooling­

water paths. One of these runs through the EG pre-cooler and afterward through the 

EG main cooler; a further path flows through the valve housing and cools the EGR 

valve from the outside when doing so, and is afterward conducted to the engine 

cooling system; a further cooling-water path flows through the interior of the EGR 

valve, where it cools the electrical components of the valve.

Ultimately, all the cooling-water paths flow into the engine cooling water of the

engine again, by way of hose lines. A partial stream can be conducted by way of the

oil cooler, for example, and then flow back to the engine cooler.
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Aside from the known pipe-bundle heat-exchanger elements, heat exchangers with 

case chambers are fundamentally also suitable for conducting the exhaust-gas 

stream, with the cooling water flowing around the chambers on the outside. In this 

regard, improvement of the heat transfer can be achieved, in simple manner, in that 

the inner cast surfaces of the heat exchangers are configured to be relatively rough 

on one or both sides, so that flow turbulences occur both on the gas side and on the 

water side.

In a further embodiment variant, a first cooling-water path is conducted into the EG 

pre-cooler and gets into the EG main cooler directly from there; here, the valve 

housing is supplied by means of a separate cooling-water path for the housing 

cooling and the interior cooling of the EGR valve.

To implement the above embodiment variants, it is proposed, according to the 

invention, that a coolant connector forms the coolant inflow to the valve housing, 

that the EG pre-cooler is connected with the valve housing and provided with a 

coolant drain to the EG main cooler.

Furthermore, it is proposed that the valve housing is provided with further coolant 

drains to the engine cooling system and/or other heat exchangers on the engine side.

Finally, it is proposed that the EG pre-cooler has separate cooling channels for 

conducting the coolant, which extend in the longitudinal direction of the EG pre­

cooler, for cooling the exhaust gas in a counter-stream.

According to a further embodiment, it is provided that a coolant connector forms the

coolant inflow to the EG pre-cooler, the coolant drain of which is directly connected

with the EG main cooler, the coolant drain of which, in turn, is connected with the

engine cooling system.
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According to a method for exhaust-gas recirculation that is particularly advantageous 

in the case of diesel engines, it is provided that the exhaust gas branched off from the 

exhaust-gas train of the engine is sent in series, within an EGR section, first through 

an EG pre-cooler, then through an EGR valve for proportioning the EG recirculation 

rate and its distribution, and finally through an EG main cooler.

The coolant is branched off, in each instance, from the cooling system of the engine; 

the cooling water that is branched off in this process is conducted, in series, first 

through the EG pre-cooler, afterward through the EG main cooler. At least one 

partial amount of the branched-off cooling water is conducted through a valve 

housing that accommodates the EGR valve and/or through the interior of the EGR 

valve, and, if applicable, branched off to engine-side heat exchangers that are present 

outside of the EGR section.

The cooling water conducted through the EG pre-cooler is cooled there to a 

temperature clearly above the condensation point of the exhaust gas. The exhaust 

gas therefore gets through the EGR valve without putting excess thermal stress on it 

or endangering it due to condensation. In this regard, the exhaust gas branched off 

from the exhaust-gas manifold of the engine at 550 to 600 °C is cooled down by 

approximately 200 to 250°C in the EG pre-cooler. The exhaust gas cooled off in the 

EG main cooler leaves the EGR section at an exit temperature of not more than 

about 100 °C.

The EGR valve is relieved of thermal stress by means of the serial circuit, according

to the invention, of EG pre-cooler and EG main cooler, and the placement of the

EGR valve between the two coolers, on the one hand; on the other hand, the exhaust­

gas temperature in the EGR valve is still clearly above the condensation temperature

of the exhaust gas, so that soot accumulation does not occur in the EGR valve,

something that is observed in known EGR sections with EGR valves disposed in the

entry.
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In the following, exemplary embodiments of the invention will be explained using 

the drawing. This shows:

Fig. 1 shows, in a schematic representation, an EGR section with an EG pre-cooler 

and an EG main cooler, each configured in one piece.

Fig. 2 shows a spatial representation of an embodiment according to Fig. 1, in a 

perspective, outside view,

Fig. 3 shows the embodiment of Fig. 2, partly in section,

Fig. 4 shows a schematic representation of an EGR section, with an EG pre-cooler 

and an EG main cooler, each configured in divided form,

Fig. 5 shows a spatial representation of an embodiment according to Fig. 4, in a 

perspective outside view, and

Fig. 6 shows, in a schematic representation, an embodiment variant of Fig. 4.

Figure 1, in a schematic representation, shows an EGR section following an exhaust­

gas manifold, from which the engine exhaust gas 7 is conducted to the outside by 

way of the exhaust-gas system (not shown). The exhaust-gas manifold 1 possesses a 

branch 2, by way of which a partial exhaust gas stream 7a is conducted to an EG pre­

cooler 3, afterward deflected by 90° in an EGR valve housing 4, and conducted to 

the intake manifold (not shown) of the engine by way of a downstream EG main 

cooler 5, as a cooled-down partial exhaust gas stream 7b.

The EG pre-cooler 3 is configured as a single-part cast part, together with the EGR 

valve housing 4, and connected with the EG main cooler 5, which is also configured
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as a cast part, by way of a flange connected 4b, forming a seal. The EG main cooler 

5 is also configured in one piece; it ends with a flange 5b for connecting with the 

intake manifold of the engine, not shown.

Different cooling paths, which are all supplied by the cooling system of the engine, 

are shown with dark arrows, wherein the starting temperature of the engine oil cooler 

(not shown) approximately corresponds to the input temperature of the different 

cooling paths.

According to Fig. 1, a first cooling path 8 gets into the interior of the valve housing 4 

by way of a coolant connector 18. There, division of the cooling path 8 comes 

about, into a first cooling path 8a, which runs through the pre-cooler 3 and by way of 

the coolant exit 11, the output of which is passed on to the EG main cooler 5. The 

cooling water that has been heated in the pre-cooler 3 gets back, by way of the 

coolant exit 13 of the latter, into the cooling system of the engine through the coolant 

entry 12 of the EG main cooler 5, according to the arrow 8b.

The branched-off exhaust gas stream 7a, the input temperature of which, into the 

pre-cooler 3, amounts to approximately 550 to 600 °C, is cooled down by 

approximately 250 to 300 °C in the EG pre-cooler 3, and then exits from the EG 

main cooler 5 as an exhaust gas stream 7b having a temperature <100 °C, before it 

is conducted to the intake manifold of the engine.

In the interior of the EGR valve housing 4, a partial stream 8c, which serves for

cooling the valve housing 4, is branched off from the cooling path 8. In the interior

of the housing, there is a cooling mantle 22 (cf. Fig. 3) for cooling a seat bracket 23

for accommodating a valve body of the EGR valve 6. The partial cooling water

stream 8c is conducted back into the cooling system of the engine by means of a

coolant exit 19.
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Furthermore, a further partial stream 8d is branched off in the interior of the valve 

housing 4, which stream flows through the interior of the EGR valve 6 for the 

purpose of cooling the electrical installed parts present there, and is connected with 

the cooling system of the engine by way of a coolant exit 20.

Figure 2, in a simplified spatial representation, shows an embodiment according to 

the principle of Fig. 1. There, the same components are identified with the reference 

symbols according to Fig. 1. In addition, a hose connection 21 is shown between the 

EG pre-cooler 3 and the EG main cooler 5. The two EG coolers 3, 5 follow one 

another at an angle of 90 degrees, as is evident in Fig. 1, wherein the angled piece is 

formed by the valve housing 4. The EG pre-cooler 3 is connected in one piece with 

the valve housing 4 that forms the angled piece, and it is advantageous if it is 

configured as a one-part cast piece.

Figure 3 shows further details relating to Fig. 2, namely the cooling mantle 22 of the 

valve housing 4, which has already been mentioned and serves to cool the seat 

bracket 23, in which the valve body 24 of the EGR valve 6 is accommodated.

The coolant is connected with the interior of the EGR valve 6 for the purpose of 

cooling the electrical installations accommodated there, by way of bores 26 in the 

valve body 24. These installations serve for activation of a valve tappet 25, which is 

shown in its closed position relative to a valve seat 27 in Fig. 3, and regulates the gas 

stream 7a as a function of the passage opening.

Figure 4, in a schematic top view, shows an embodiment with a divided structure of

the EG pre-cooler 3, of the EG main cooler 5, as well as a separate structure of the

valve housing 4. Aside from the divided structure of the EG pre-cooler 3, in two

housing halves 3a and 3b, as well as of the EG main cooler 5, in two housing halves

5a and 5b, Fig. 4 differs from Fig. 1 by a direct connection of a coolant path 9

branched off from the engine cooling system, to a coolant connector 10 of the
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housing part 3a of the EG pre-cooler 3. The coolant path 9 flows through the EG 

pre-cooler 3 and in this regard cools a heat-exchanger insert 14, which consists, for 

example, of a pre-fabricated pipe system for passing the partial exhaust gas stream 

7a through. The EG main cooler is equipped with a similar pipe system 15, through 

which the partial exhaust gas stream 7a flows and exits from the EG main cooler 5 as 

a partial exhaust gas stream 7b, to be passed on into the fresh-air manifold of the 

engine. Furthermore, components shown in Fig. 4, which are the same as in Fig. 1, 

are provided with the same reference symbols. This also holds true for the spatial 

representation according to Fig. 5, which corresponds to the embodiment according 

to Fig. 4.

Fig. 5, in a simplified form, shows a spatial representation of the embodiment 

according to Fig. 4. There, the same components are identified with the reference 

numerals according to Fig. 4. In addition, sprue eyes 30 are shown, which are 

provided either as a connector for a hose connection or are provided with a closure 

lid. Cast-on attachment eyes 28, 29 are provided as attachment points for further 

components.

Fig. 6 shows a variant of Fig. 4, wherein the housing parts 3b and 5a are cast in one 

piece with the EGR valve housing 4 for cost reasons, thereby eliminating two 

individual cast parts and two flange seals.
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Patentkrav

1. Indretning til udstødningsgastilbageføring (AGR), især ved dieselmotorer, 
fra udstødningsgasstrengen til motorens friskluftvej, hvor der i en AGR-stræk- 
ning er tilvejebragt en køleindretning, der er tilsluttet til motorens kølesystem, 
som udstødningsgas (AG)-kølemiddel-varmeveksler, hvortil der er tilordnet en 
AGR-ventil (6), der er tilsluttet til kølemiddel, til afmåling af AG-tilbageførings- 
raten, og hvor køleindretningen omfatter en AG-forkøler (3) og en AG-hoved- 
køler (5), der er efterkoblet denne,
kendetegnet ved,
at AGR-ventilen (6) er indsat i et ventilhus (4), der er anbragt mellem AG-for- 
og AG-hovedkøleren,
at ventilhuset (4) til udvendig køling af AGR-ventilen (6) er tilsluttet til en sepa­
rat kølevej (8c), og
at en yderligere kølevej (8d) til køling af de elektriske komponenter er tilveje­
bragt i AGR-ventilens (6) indre.

2. Indretning ifølge krav 1,
kendetegnet ved,
at AG-forkøleren (3) og ventilhuset (4) er udformet som konstruktionsdel i ét 
stykke.

3. Indretning ifølge krav 1,
kendetegnet ved,
at AG-forkøleren (3) og/eller AG-hovedkøleren (5) hver især omfatter et hus 
(3a, 3b; 5a, 5b) i flere dele.

4. Indretning ifølge krav 3,
kendetegnet ved,
at en husdel (3b; 5a), der tilslutter sig til ventilhuset (4), af forkøleren (3) og/el­
ler hovedkøleren (5) i hvert tilfælde er udformet i ét stykke med ventilhuset (4).

5. Indretning ifølge krav 4,
kendetegnet ved,
at en varmeveksler-indsatsdel i form af et AG-rørbundt (14, 15) i hvert tilfælde
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er indbygget i husene (3a, 3b; 5a, 5b).

6. Indretning ifølge krav 1,
kendetegnet ved,
at en kølemiddeltilslutning (18) danner kølemiddeltilstrømning til ventilhuset
(4) , at AG-forkøleren (3) er tilsluttet til ventilhuset (4) og er forsynet med en 
kølemiddelafløb (11) til AG-hovedkøleren (5).

7. Indretning ifølge krav 6,
kendetegnet ved,
at ventilhuset (4) er forsynet med yderligere kølemiddelafløb (19) til motorkø­
lesystemet og/eller andre varmevekslere på motorsiden.

8. Indretning ifølge krav 7,
kendetegnet ved,
at AG-forkøleren (3) til føring af kølemidlet omfatter adskilte kølekanaler, der 
strækker sig i AG-forkølerens (3) langsgående retning, til AG-køling.

9. Indretning ifølge krav 1,
kendetegnet ved,
at en kølemiddeltilslutning (10) danner kølemiddeltilstrømningen til AG-forkø­
leren (3), hvis kølemiddelafløb (11) er direkte forbundet med AG-hovedkøleren
(5) , hvis kølemiddelafløb (13) igen er forbundet med motorkølesystemet.

10. Fremgangsmåde til udstødningsgastilbageføring (AGR) især ved diesel­
motorer,
hvor udstødningsgassen (AG), der forgrener sig fra motorens udstødningsgas­
streng, i en AGR-strækning i serie først sendes gennem en AG-forkøler (3) 
derefter til afmåling af AG-tilbageføringsraten og fordeling deraf gennem en 
AGR-ventil (6) og endelig gennem en AG-hovedkøler (5), hvor kølevand, der 
forgrenes ud af motorens kølesystem, som kølemiddel i serie først ledes gen­
nem AG-forkøleren (3), derefter gennem AG-hovedkøleren (5), og
hvor mindst en delmængde af det forgrenede kølevand til udvendig køling af
AGR-ventilen (6) ledes gennem et ventilhus (4), der optager AGR-ventilen (6),
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og som er anbragt mellem AGR-forkøleren og AGR-hovedkøleren, og yderli­
gere gennem AGR-ventilens (6) indre.

11. Fremgangsmåde ifølge krav 10,
kendetegnet ved,
at den forgrenede delmængde af kølevandet forgrenes ved varmevekslere på 
motorsiden, der forefindes uden for AGR-strækningen.

12. Fremgangsmåde ifølge krav 10,
kendetegnet ved,
at udstødningsgassen forgrenes fra motorens udstødningsgasmanifold (1) og 
afkøles ca. med 250 til 300° C i AG-forkøleren (3).

13. Fremgangsmåde ifølge krav 12,
kendetegnet ved,
at udstødningsgassen i AGR-strækningen afkøles til en udstrømningstempe­
ratur <100° C.

14. Fremgangsmåde ifølge krav 10,
kendetegnet ved,
at kølevandet, der forgrenes fra motorens kølesystem, udtages på tryksiden 
bag motorens kølevandspumpe.
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