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A heating/air-conditioning device includes a high-perfor- 
mance heat exchanger for providing air-conditioning of the 
vehicle cab of passenger cars and is designed and optimized 
for the large-scale production of passenger cars concerning 
quantity and costs. The construction size of a heat exchanger, 
which is already designed as a high-performance heat 
exchanger and has a soldered matrix, is enlarged beyond the 
previously known size, so that the vehicle delivers the same 
heating power as the previous basic series including a much 
more expensive PTC auxiliary heater. In addition to cost 
savings, fuel is saved in an order of 0. 5-1. 01/100 km, com- 
pared to an operation with a PTC auxiliary heater and at the 
same heating power. The heat exchanger employed here, 
which includes coolant-side flat tubes and air-side fins having 
a plurality of turbulence-producing recesses 11ouvers) follow- 
ing each other in the air flow direction, preferably has a 
volume V matrix of the heat exchanger matrix washed round 
from the heating air, and a center-to-center spacing of the 
air-side fins t fin and a center-to-center spacing of the flat 
coolant tubes t tube, such that the specific heat exchanger 
volume V spec produced therefrom by using the equation 
V spec=V matrix/1t tube+14*t fin)) exceeds a lower limit 
of 0. 140 m . 

+ 

+ 
+ 

5d 

52a 

5fm 

5b 

50 

Se 

gy 4m 
(4) 

(90) 



Patent Application Publication Aug. 12, 2010 Sheet 1 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 2 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 3 of 21 US 2010/0200195 A1 

t tube 



Patent Application Publication Aug. 12, 2010 Sheet 4 of 21 US 2010/0200195 A1 

4 
C 0 Z 

0 
Q 

0 
U 

'p 
0 

LL 

CI 
CI 
CI 
N 

CI 
(D 
CD 

o 
CD 

o 
00 
T 

o 
(D 
T 

C) 
(D 

CI 
CI 
CO 

CQ 
CD 

CI 

CI 

CD 

CI 

(D 

o 

(D 

CD o 

(O 
N 

o 

T 
(D 

CO o 
CD 

CI 

CO 
CI 
CD 

CI 

(D 

CI 
CI 

(D 
N 
CI o 

N o o 

N 

o 
N 
o 
CI 

CI 

CO 
CI o 

CI 

ID 

o 
CI 

N 
CI 
CI 

o 
CO 

C) 
CI 

CO 

CI 
CI 

(D 
CI o o 

(0 
CI o o 

ID 
CI o o 
N 
ID o 
o 
00 
CI 
V o 
CI 

ID 
CI 
CI o 
(D o 
o 

IO 
CI 

Cl 

o 

CD 
CI 
CI o 
ICI 

o o 
o 
CI 

CD 
CI 

CI 

CO 
CD 
CI 
CI 
CI 
CI 

CO 
CD 
CI 
CI 
CI 
CI 

I 
CI o 
CI 
CI 

IG 
CQ 
CI 
CI 
CI 
CI 

T 
T 
CI 
CI 
o 
CQ 

o 
CI 
o 

CI 
CI 
CI 

T 

o o o 
(D 

CI 
CI 
CI 

CQ 

o 
Cl 
CI 

T 

CI 
CI 
CI 

CD 

o 
C) 
CI 

ICI 

CI 
CI 

CI 

I(l 
CD 

CI 

Cl 
CD 

CD 

Cl 

(D 

CI 
CI 

r 
Cl 
CI 

I(l 
CI 
CI 

ID 

CI 
CI 

00 

CI 

ID 

CI 

III 

CO 

N 
CI 
CI 

E E 

CD 

I 
E 
Cl I 
O 

E 

E 
I 

l( 

(D 

C 

X 

~o 
CL I 
C) 0 6 

(0 

L 
(D 
C I 
O 

C 
CI 
O 

(D 

I 

2 
(QI 
C 
O 
(0 
CL 
(D 

C 

C 6 
O 

I 
O 

C I 
O 

C 
I 

0) 
O 
(6 
CL 
(D 

( 

4t g I 
0I 
C 

Or 
Ol 

(0 o 

II 
O e 
ID 
0. ~ 

II 

0 I 



Patent Application Publication Aug. 12, 2010 Sheet 5 of 21 US 2010/0200195 A1 

N 

CO 
Cb 
C7 

0 
lO 

N 

LQ 
Ql 

o 
PJ 

0 
lO 
P7 

0 
OD 

0 4 4 h. 8 8 4 8 CV a 0 Eh 0 4 $0 '4 P) CV t- 0 qjr r e- ~ r s r r s r 0 0 0 0" 0" 0 0 0 0 0 



Patent Application Publication Aug. 12, 2010 Sheet 6 of 21 US 2010/0200195 A1 

I 

I 
Q 
Ch 

0 
0 
CD 
CD r 
0 
CD 
CD 

CD 
CJr 

0 

UI 

E 

LL. 

CO r 

ED 

CD 
Cl 

CD 

O O Q O CD 
CV 0 0 0 

0 0 0 
lD CD 

O O 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CV r 0 CD CD 4 CD lD 'Ci 0) DC r 0 r r r 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

gM 08cls p, 



Patent Application Publication Aug. 12, 2010 Sheet 7 of 21 US 2010/0200195 A1 

O 

I 

I 

I 
I l cv 

I 
5I 

I 

I 

N ~ ~ 
~ % 

o I 

O 



Patent Application Publication Aug. 12, 2010 Sheet 8 of 21 US 2010/0200195 A1 

fO 
N 

CO 



Patent Application Publication Aug. 12, 2010 Sheet 9 of 21 US 2010/0200195 A1 

C 
Ct 

O4 

IA 
CI 
CV 

o 
CV 

CV 

N 

EO 
CI N 

CI 
N 

CO 
CI 
Ol CI 

O 
bl 

C 
C) 
CV 



Patent Application Publication Aug. 12, 2010 Sheet 10 of 21 US 2010/0200195 A1 

C 
C) 
V 
CV CI 

CV 

CI 
CV 

C) 
Ct 
N 

Ct 
CV 

V 
N 
hl 

CI 
CV 

00 
CO 

0 

N 



Patent Application Publication Aug. 12, 2010 Sheet 11 of 21 US 2010/0200195 A1 

C 
CO 

CV 

EO 
C) 
CV 

IA 
Ct 
CV 

O CV 
CV 

CV 

CO 
N 

00 

CV Ct 
CV 

CI 
Cl 
CV 

(0 
C5 
C) 
Ol 



Patent Application Publication Aug. 12, 2010 Sheet 12 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 13 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 14 of 21 US 2010/0200195 A1 

CO 
CO 



Patent Application Publication Aug. 12, 2010 Sheet 15 of 21 US 2010/0200195 A1 

0 
T 
N 

Cl 
C) 

CV 



Patent Application Publication Aug. 12, 2010 Sheet 16 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 17 of 21 US 2010/0200195 A1 

C 
C) 

CL 
0l 

v 0 
lA 

IA 

Ct 
lA 

N 
IA 

0 

C 
Ch 
CI 
N 

Q. 
Q 
00 

e o 
lA 

00 
C) 
IA 



Patent Application Publication Aug. 12, 2010 Sheet 18 of 21 US 2010/0200195 A1 

C) 
Ifl 

0 
Ulg CI 

I 

T 
IA 

C) 
CO 
ID 

CO 

Ifl 

IA 



Patent Application Publication Aug. 12, 2010 Sheet 19 of 21 US 2010/0200195 A1 



Patent Application Publication Aug. 12, 2010 Sheet 20 of 21 US 2010/0200195 A1 

CO 
IA 

Q 

LO 
R 

~ ~ 1 
~ ~ 
~ ~ 

4 il 

I ~ ~ 
~ ~ 
~ ~ 

~ s 

lg 

CV 

l5 
Ol 
Cl 
C4 

~ ~ 8 ~ ~ ~ ~ ~ 

c 
CO 
CI 
IA 
CO 
C) 
IA 



Patent Application Publication Aug. 12, 2010 Sheet 21 of 21 US 2010/0200195 A1 



US 2010/0200195 A1 Aug. 12, 2010 

HIGH-PERFORMANCE HEAT EXCHANGER 
FOR AUTOMOTIVE VEHICLES, AND 

HEATING/AIR-CONDITIONING DEVICE 
INCLUDING A HIGH-PERFORMANCE HEAT 

EXCHANGER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Section 371 of International 
Application No. PCT/DE2008/000613, filed Apr. 11, 2008, 
which was published in the German language on Oct. 23, 
2008, under International Publication No. WO 2008/125089 
A2 and the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a high-performance heat 
exchanger for providing air-conditioning of the vehicle cab of 
passenger cars produced on a large scale using exhaust heat of 
liquid-cooled driving components, particularly using the 
exhaust heat of liquid-cooled combustion engines, said high- 
performance heat exchanger including a heat transfer matrix. 
The invention further relates to a heating/air-conditioning 
device including such a high-performance heat exchanger, 
and to a vehicle platform comprising vehicles equipped with 
such a heating/air-conditioning device or such a heat 
exchanger. 
[0003] A common feature of modern passenger cars is that 
the same provide especially for Diesel vehicles an electric 
PTC (positive temperature coefficient) auxiliary heater for 
additionally heating cab air that is heated by the heat 
exchanger. While the basic heating/air-conditioning devices 
are structurally identical in the Diesel and Otto variants, this 
technique provides the addition of a PTC auxiliary heater in 
the Diesel variant, but not in the variant with an Otto engine. 
To save the costs for the PTC auxiliary heater, which are not 
negligible, most of the vehicle manufacturers make a differ- 
ence concerning the standard installation of an auxiliary 
heater in the Diesel variants or even offer an auxiliary heater 
only as optional equipment, depending on the vehicle market. 
[0004] The latest development in the field of heating/air- 
conditioning devices in large-scale passenger vehicle appli- 
cations is also characterized by the use of increasingly com- 
pact heat exchangers. Particularly, an increasing use of 
soldered aluminum heat exchangers can be noticed, and the 
manufacturing costs which are higher compared to heat 
exchanges that are "plugged together" or otherwise mechani- 
cally assembled, i. e. without soldering, are accepted in order 
to save installation space. 
[0005] The general view of the technical world that a fur- 
ther increase in efficiency of heat exchangers does not bring 
important benefits concerning the heating performance, 
because the heat exchangers have generally arrived at their 
level of thermal saturation, and also the view that the target 
values of the heating performance in Diesel engines are 
achieved in the most cost-efficient way especially by the 
interaction between the electric PTC auxiliary heating and the 
conventional heat exchanger, resulted in that many passenger 
car heating/air-conditioning devices meanwhile have a very 
similar structure comprising a standard heat exchanger, an 
air-side downstream PTC auxiliary heater and an air-side 
heater control. Especially new fabrication techniques and 
aluminum alloys have been used in this respect during the last 

years, primarily for still further reducing the installation 
space for the heat exchanger or the heating/air-conditioning 
device while maintaining the efficiency level of the heat 
exchanger. 

[0006] In the case of soldered all-aluminum heat exchang- 
ers for passenger vehicles, the packing density of the coolant- 
side heat transfer tubes and of the air-side heat transfer fins is 
in many applications at a level that was hardly imaginable ten 
years ago. The highest packing density presently known in 
pure passenger vehicles can be found in the heat exchanger o f 
the current BMW 3 Series, with a center-to-center tube spac- 
ing t tube of approx (3. 9+13=5. 2 mm) and an (average) 
center-to-center fin spacing t fin of approx 0. 85 mm. For the 
definition of t tube and t fin within the scope of the inven- 

tion, FIG. 3 shows these two dimensions in a soldered heat 
exchanger comprising a coolant inlet 1 and outlet 2 as well as 
coolant-side flat tubes 3 and air-side fins 4 forming the heat 
exchanger matrix by soldering. In the air flow direction, i. e. 
perpendicular to the image plane in FIG. 3, it shall apply 
within the scope of the invention that empty intermediate 
spaces between individual groups of heat exchanger tubes in 
the air flow direction belong to the matrix volume, provided 
that air can flow through these intermediate spaces. The air- 
side fin recesses (Iouvers), which are normally indispensible 
in high-performance passenger car heat exchangers, are not 
illustrated for the sake of simplification. The volume of the 
heat exchanger matrix, i. e. the volume of the heat exchanger 
section through which air flows, here amounts to approx 0. 98 
I, and the construction depth of the matrix in the air flow 
direction to approx 27 mm. The water tank increases the 
construction depth of the heat exchanger of this typical 
vehicle representing the higher middle class, in which the 
demands are already higher, to finally 32 mm. 

[0007] The heat exchangers of other volume manufacturers 
in the same vehicle class exhibit a slightly larger matrix 
volume of the heat exchangers at a packing density of the flat 
tubes and fins which is slightly smaller. But here, too there is 
an obvious trend toward a higher packing density of the 
matrix or to a smaller construction volume. While up to ten 
years ago construction volumes of approx 1. 2-1. 5 I matrix 
volume were quite customary in the Golf class and also in the 
upper middle class, today the corresponding parameter in 
new vehicle applications normally is around 0. 7-1. 1 1. Less 
compact, soldered heat exchangers having a flat tube center- 
to-center distance of more than 7 mm can be found in com- 
pletely new vehicle applications only in very exceptional 
cases. 
[0008] In this context, the table in FIG. 4, which will be 
discussed in more detail further down, shows a survey con- 
cerning the dimensions of typical passenger vehicle heat 
exchangers as preferably installed today in mass production. 
However, the Honda Odyssee, which is additionally shown 
therein, already belongs to the segment of the large capacity 
limousines (vans). 

[0009] All the known heating/air-conditioning devices 
have in common that the PTC auxiliary heater in connection 
with soldered and also with "plugged" heat exchangers cause 
considerable additional costs, namely on the one side for the 
installation of the PTC auxiliary heating components in 
vehicles having a Diesel engine, and on the other side also in 
vehicles having an Otto engine, i. e. those vehicles in which a 
PTC auxiliary heater is normally not installed. In this latter 
case additional costs conditional on PTC occur for example 
through the provision of the installation space and the basic 
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conditions for the electric auxiliary heating for Diesel vari- 
ants. A further factor is the considerably increased fuel con- 
sumption in all operation situations in which the PTC auxil- 
iary heater is in operation. Compared to the PTC auxiliary 
heater, alternative concepts of auxiliary heating as used today 
in mass production passenger vehicles are either character- 
ized by a fuel consumption which is even more increased 
and/or by even higher additional costs. 

BRIEF SUMMARY OF THE INVENTION 

[0010] In view of the above, the invention is based on the 
object of providing a high-performance heat exchanger and a 
heating/air-conditioning device including such a high-perfor- 
mance heat exchanger for mass production passenger cars, 
wherein the heating/air-conditioning device as an alternative 
to the today's standard of heat exchangers or heating/air- 
conditioning devices in Diesel passenger vehicles not only 
achieves the target values o f the heating performance, but also 
allows a reduction of the total fabrication costs and at the 
same time a reduced fuel consumption. Further, a correspond- 
ing vehicle platform application producible on a large scale 
shall be provided. 
[0011] This object is achieved by the high-performance 
heat exchanger and by the heating/air-conditioning device as 
well as the vehicle platform application according to embodi- 
ments of the present invention. 
[0012] Together with an appropriate vehicle integration, a 
high-performance heat exchanger according to embodiments 
of the invention allows the construction of a highly efficient 
and low-cost vehicle heating without a PTC auxiliary heater 
for Diesel engines, based upon the substantial use of fabrica- 
tion techniques available on the market and of semi-products 
for high-performance heat exchangers having a soldered heat 
transfer matrix, i. e. based upon coolant-side flat tubes and 
air-side fins with a plurality of turbulence-producing recesses 
(Iouvers) following one after the other in the air flow direc- 
tion. The heat exchanger of the invention or the heating/air- 
conditioning device is thus preferably intended for or 
installed in a Diesel vehicle that preferably includes no air- 
side or generally no PTC auxiliary heater or other auxiliary 
heater related to the heat exchanger. Preferably, the specific 
heat exchanger volume V spec exceeds a lower limit value of 
1. 050 or of 0. 160 m, particularly preferably a lower limit 
value of 0. 170 or 0. 180 m, or of 0. 20 or 0. 25 m . Here, 
V spec of the heat exchanger according to the invention can 
be less than or equal 0. 60 to 0. 70 m, for example less than or 
equal 0. 50 to 0. 40 m or less than 0. 25 to 030 m, without 
being limited thereto. 
[0013] The air-side flow passages are preferably formed by 
the surfaces of the coolant-side heat exchanger passages fac- 
ing away from the coolant and by the air-side metal fins fixed 
to them by soldering and having a plurality of turbulence- 
producing recesses of the air-side heat transfer fins trans- 
versely to the air flow. 

[0014] Independently of or in combination with a heat 
exchanger according to embodiments of the invention, the 
object is achieved by a heating/air-conditioning device 
according to embodiments of the invention, including front 
air vents directing air heated by the air-conditioning device to 
the foot space of the vehicle and including a heat exchanger 
which is configured in such a way that at an operating point 
which is particularly relevant for the heating and at which the 
air inlet temperature (T „h. . . h „, „, ) is — 20' C. , the 

a heating air mass flow is 5 kg/min and the coolant flow rate 
is 5 I/min, the heat exchanger achieves an average air outlet 
temperature at the front foot vents (T „&, „, &, , ) which, 
with the air mass flow and thus the heating power being 
focused on the foot vents, is as high that the total heat eflI- 

ciency Phi, calculated by the equation Phi=100*(T „& t „, 
arr, heat exchanger, rnlet) ( coolant, heat exchanger, rnlet arr, 

heat exchanger, rnlet), exceeds a value of 85%, 90% or 95%, 
without an air-side auxiliary heater. This can be achieved by 
suitably selecting the specific heat exchanger volume V spec 
and by sufficiently sealing the temperature regulation flaps to 
avoid leak points and losses on part of the heating device. The 
heat exchanger of the air-conditioning device preferably 
includes a soldered heat transfer matrix. Heating air can flow 

around the heat transfer matrix that comprises or consists of 
coolant-side flat tubes and air-side fins with a plurality of 
turbulence-producing recesses following one after the other 
in the air flow direction. The heat transfer matrix can be 
constructed in such a manner that the specific heat exchange 
volume V spec, calculated by the equation V spec=V ma- 

trix/(t tube+(4*t fin)), exceeds a lower limit value of 0. 140 
m . The heating/air-conditioning device is particularly suited 
for use in the air conditioning of the passenger cab of passen- 
ger vehicles below 2000 kg empty weight within a vehicle 
platform comprising more than 50, 000 vehicles per year, 
wherein the air conditioning can be performed using the 
exhaust heat of the liquid-cooled driving engine and/or its 
components or other heat sources of the cooling and/or heat- 

ing circuit. 

[0015] Alternatively, a special refinement of the system 
provides that the total heat efficiency Phi according to the 
above definition and at the above characterized operating 
temperatures of — 20' air inlet temperature and +50' coolant 
inlet temperature at a travelling speed profile according to 
MVEGA is maintained above 80% in all travelling speeds 
including the idling speed, without an air-side auxiliary 
heater. 

[0016] In view of the heat losses in the heating device, these 
requirements in heating devices typical for passenger 
vehicles call for an extremely powerful heat exchanger of the 
invention having an increased installation space. If the cool- 
ing circuit is appropriately adapted with regard to the con- 
figuration of the coolant lines and with regard to the flow rate 
and if these important points are satisfied, the PTC auxiliary 
heater as found today in a great number of Diesel vehicles can 
be saved, thus not only saving production costs, but also fuel 
at an amount of 0. 5-1. 01/100 km compared to an operation 
with a PTC auxiliary heater and with the same heating per- 
formance. 

[0017] In general, the heating/air-conditioning device 
according to the invention is cost-efficient if the Diesel 
vehicles of a vehicle platform are considered isolated, and 
also if both Diesel and Otto vehicles are equipped with an 
identical heating/air-conditioning device and the common 
costs in the vehicle platform are considered. This is particu- 
larly advantageous with regard to equal parts strategies within 
vehicle platforms and partly also beyond the platform limits. 
Alone from the aspect of costs, all the technologies known on 
the market for saving PTC auxiliary heaters cannot compete 
in any way, not to mention the fuel consumption. In the case 
of a heating/air-conditioning device which is the same for 
Otto and Diesel vehicles, a "best in class" heating perfor- 
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mance in vehicles equipped with an Otto engine is a welcome 
additional advantage, despite the overall cost advantages for 
the overall platform. 

[001S] Accordingly, a widely spread problem is thus sur- 

prisingly solved for the first time by this invention. Having 
regard to the general trend toward smaller heating/air-condi- 
tioning devices and a smaller installation space for the heat 
exchanger and toward engines producing increasingly less 
exhaust heat for heating purposes, it seems on the first sight 
that abandoning the installation space for the PTC auxiliary 
heater, which is considered as a particularly cost-efficient 
means for satisfying the heating requirements, and instead 
using a supposedly oversized heat exchanger utilizing the 
PTC installation space and the installation space efficiency, is 
not the right way to reach the goal, especially if one considers 
the additional costs for the most up to date manufacturing 
technologies for soldered heat exchangers. But in contrary to 
the general opinion of experts, the modification of series 
vehicles for the heat exchanger according to the invention and 
for the heating/air-conditioning device according to the 
invention shows that the heating/air-conditioning device of 
the invention is very well capable of delivering a heating 
power which is the same as that of modern series vehicles 
equipped with expensive PTC auxiliary heaters, provided that 
the coolant circuit and the local flow rates through the heat 
exchanger as well as the remaining heat sources and heat 
sinks in the motor cooling system are suitably adapted. Mea- 
surements in the climate wind tunnel and on the road have 
proved not only a sufficient cab heating performance, but also 
fuel savings, which up to present have not been believed being 
possible, and a reduction of the costs for the heating/air- 
conditioning device. 

[0019] Decisive for the step toward the heating/air-condi- 
tioning device according to the invention is the surprising 
knowledge that the PTC auxiliary heater can in fact be omit- 
ted, because only then it is possible to gain the installation 
space required for the supposedly oversized heat exchanger in 
existing vehicle concepts. According to the invention, this 
installation space can be utilized to make the heat exchanger 
even more efficient. The higher construction depth in the air 
flow direction selectively allows a certain reduction of the 
coolant-side pressure loss and coupled to it a somewhat 
higher coolant flow rate, but in most applications it preferably 
allows secondary measures making the flow more uniform to 
obtain a particularly uniform charging of the heat exchanger 
with the coolant and/or an increase in the flow rate into the 
heat exchanger to improve the coolant-side heat transfer and/ 

or if required the changeover to the particularly efficient 
cross-counterflow construction. However, in many applica- 
tions it will be the most effective way to work with coolant 
flow rates through the heat exchanger which are lower than 
that of the today's series standard. In this context, it must be 
pointed out particularly to the advantages in the heating per- 
formance which are frequently obtained if the thermal spread 
of the coolant at the heat exchanger and possibly also at the 
engine is increased by reducing the coolant flow rate through 
the engine and/or the heat exchanger without any important 
loss of efficiency of the heat exchanger. 

[0020] Due to its high efficiency and if necessary also by a 
further reduction of the return temperature of the heating 
through measures limiting the coolant flow rate, a heating/ 
air-conditioning device according to the invention including a 
high-performance heat exchanger will lead to the coolant, the 
motor components and frequently also the motor oil being 

less strongly heated upon average over the entire system- 
than in a conventional heating device having a PTC auxiliary 
heater and with the amount of heat dissipated into the cab air 
being the same. Due to smaller losses of surface heat and to 
less energy required for heating the thermally active masses, 
a heating/air-conditioning device according to the invention 
can provide a considerably improved heating effect. 

[0021] A particular advantage of the heat exchanger of the 
invention and the heating/air-conditioning device including 
an increase in the construction volume of the heat exchanger 
is that even in a series connection of two or more cross- 
counterflow stages the pressure provided by conventional 
motor coolant pumps is sufficient. This is especially true for 
applications in which the motor can do without a radiator 
bypass, i. e. without the branch 6b in FIG. 7a, or in which the 
radiator bypass is kept closed by means of a special radiator 
thermostat 6fzs instead of the conventional thermostat 6fz or 
by means of an additional valve 6bv, if the demand for heating 
is high. In a particularly cost-effective simplification of the 
system the external flow rate control element 2 and the motor 
radiator thermostat 6dv are omitted according to FIG. 7b, and 
instead of the bypass valve 6bv a special thermostat 6fzs is 
used, said special thermostats being constructed as double- 
acting thermostats including a bypass control element having 
its spring deflection extended in such a way that the bypass 
control element closes the bypass branch 6b in a spring- 
loaded fashion with the radiator branch in its closed condi- 
tion. At very high engine speeds the suction pressure of the 
motor coolant pump 7 opens the bypass branch 6b and pro- 
vides for sufficient cooling of the motor. In this construction, 
the coolant flow rate through the heat exchanger is defined by 
the heat exchanger layout and the coolant piping in connec- 
tion with the opening characteristic of the bypass spring plate 
in the special radiator thermostat 6fzs. As in FIG. 7a, a ther- 
mostat valve 6tv in FIG. 7b guarantees that the radiator ther- 

mostatt 

6fzs always reliably opens i f the coolant temperature is 
excessively high and also if a great amount ofheat is extracted 
at the heat exchanger. When the radiator branch 6a is fully 
open, the bypass control element of the special thermostat 
6fzs closes the bypass branch 6b in the same way as with 
conventional thermostats. Incidentally, the motor and vehicle 
cooling system schematically illustrated in FIG. 7a, b com- 
prises for the motor 1 including the heat exchanger a coolant 
pump 7, a vehicle radiator S, an expansion tank 9 and a motor 
control device 16 which are interconnected by the illustrated 
passages. Further provided are a motor temperature sensor 
15, a motor oil cooler 30 with a thermostat 6dv, and a trans- 
mission oil cooler 40 with a thermostat 6ev. The heating/air- 
conditioning device 45 of the invention includes between the 
air inlet 21 associated with the heat exchanger 4m and the air 
outlet 20 an evaporator 51 and a temperature mixing flap 5 
upstream of the heat exchanger that can be bypassed by a 
bypass 22 for the adjustment of the mixing temperature. 

[0022] At low rotational speeds of the motor and at coolant 
temperatures lower than the thermostat opening temperatures 
of the special radiator thermostats 6fzs and the auxiliary ther- 
mostat valve 6tv, i. e. when the branches 4b, 6a and 6b are 
closed, this approach provides for a certain pressure reserve, 
so that the heater coolant flow rate during the idling speed of 
typically 800-100 rpm ' or in the range close to the idling 
speed (e. g. at engine speeds which are up to 10% or up to 
15-20% or up to 25-50% above the idling speed) will sub- 
stantially not decrease or not decrease all-too much. This 
quite considerably enlarges the scope for the layout of the 
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heat transfer-increasing structural measures at the heat 
exchanger and also for the increase of the thermal spread both 
at the heat exchanger and the motor including the effective 
utilization of the motor oil cooler for thermal heat generation. 
The physical interactions that are part of this particularly 
effective and very inexpensive overall system including the 
special thermostat 6fzs are already described in detail in ear- 
lier patent applications of the same inventor. These earlier 
patent applications also describe further examples of the pip- 
ing system with different main foci of the layout. 

[0023] According to the invention, the soldered high-per- 
formance heat exchanger includes fin and/or tube center-to- 
center distances which are as small as possible. Alternatively 
or additionally the heat exchanger has passage heights and/or 

wall thicknesses of the flat tube coolant passages which are as 
small as possible, while the heat exchanger in this case has to 
be constructed as large as possible utilizing if necessary also 
the allegedly indispensible PTC construction space and no 
alternative auxiliary heating facilities are provided if neces- 

saryy. 

[0024] The heat exchanger according to the invention or the 
heating/air-conditioning device included therein turned out to 
be particularly effective in large-scale applications in passen- 
ger vehicles below 2000 kg empty weight. The term large- 
scale means an annual production of more than 50, 000 
vehicles per year which all contain the identical heating 
device or the identical heat exchanger. In the true volume 
segment the advantages of the present invention become even 
more apparent, especially in soldered aluminum heat 
ex changers. 

[0025] In contrary to prior art, the approach according to 
the invention aims on the one side at the use of heat exchang- 
ers that are soldered as efficiently as possible regarding the 
construction space and on the other side at the selection of a 
heat exchanger volume which is considerably larger than 
previously at the changeover to soldered aluminum heat 
exchangers. Contrary to the current approaches of all manu- 
facturers to use particularly small-volume and particularly 
inexpensive heat exchangers and thus saving costs, the 
present invention intentionally goes the opposite way using 
highly efficient soldered heat exchangers, especially made of 
aluminum, different from the low-efficiency plugged heat 
exchangers as employed for a long time for example in the 
VW Golf 2 and 3. 
[0026] In this context and for a comparison with modern 
vehicles with typical exponents of soldered heat exchangers 
FIG. 4 shows a table with some characteristic features for 
classification. The largest-volume soldered heat exchangers 
here have a matrix volume of approx 1. 5 I or 1. 6 I, however 
with a relatively coarse meshed spacing of the coolant-side 
flat tubes of approx 9 or 10. 5 mm. Especially in the new 
designs of heat exchangers having particularly small center- 
to-center tube spacing t tube and center-to-center fin spacing 
t fin the matrix volume in the Golf class partly goes down to 
values of approx 0. 71. And even in larger vehicles like BMW 
3 and 5 or Mercedes E class the heat exchanger matrix mean- 
while only is approx I I in view of the manufacturing 
advances concerning the amelioration of the tubes and fins. 
The feasibility of a smaller center-to-center tube spacing 
t tube simultaneous with smaller center-to-center fin spaces 
t fin of the air-side fin system is the decisive reason for the 
heat exchanger matrix volume being reducible and also prac- 
ticed passenger vehicle large-scale applications. 

[0027] The measure V spec established as the "specific 
heat exchanger volume" and obtained by the equation 
V spec=V matrix/(t tube+(4*t fin)) reflects these facts. 
This indirectly includes also the fact that it is possible in the 
meantime technically and economically to use very thin- 
walled materials for the fins and the tubes and also to realize 
very small coolant-side passage heights. 
[0028] The consideration of typical soldered passenger 
vehicle heat exchangers in FIG. 4 shows that the specific heat 
exchanger volume V spec, obtained by the equation 
V spec=V matrix/(t tube+(4*t fin)), in typical passenger 
vehicle large-scale applications does not exceed an upper 
limit of 0. 118 m and that this value does not exceed 0. 122 m 
even at the highest value known to the inventor in a heat 
exchanger installed in a mini-van. If one considers besides the 
Ford Focus (in which the decisive reason for the size of the 
heat exchanger are motor-specific reasons due to the basic 
abandonment of a motor-side radiator bypass 6b in some 
motors of this vehicle type) the remaining vehicles of the Golf 
class, one will see that the current large-scale value for the 
specific heat exchanger volume V spec is more in the order of 
0. 07-0. 08 m . In the somewhat larger and more expensive 
vehicles and especially in vehicles with a somewhat higher 
demand of comfort such as in the Audi A4, BMW 3 and 5 and 
Mercedes Benz E class, the measure V spec is somewhat 
higher with 1. 0 I, but clearly below the Ford Focus. 
[0029] If the air-side fins and the coolant flat tubes are 
maintained, the approach according to the invention normally 
results in heat exchangers having a heat exchanger matrix 
volume which is 1. 5 to 2. 5 times larger than that of the 
corresponding presently available heat exchangers. In this 
context, the FIGS. 5 and 6 once again show how the 
changeover from a consideration purely of the heat exchanger 
matrix volume V matrix according to FIG. 5 to a specific 
consideration of the heat exchanger matrix having the mea- 
sure V spec has to be judged, especially with regard to the 
large-scale heat exchangers of FIG. 4. 
[0030] Advantageous further developments are discussed 
in the Detailed Description below. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0031] The foregoing summary, as well as the following 
detailed description of the invention, will be better under- 
stood when read in conjunction with the appended drawings. 
For the purpose of illustrating the invention, there are shown 
in the drawings embodiments which are presently preferred. 
It should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentalities 
shown. In the drawings: 
[0032] FIG. 1 is a schematic side view showing a typical 
heating device including a modification according to an 
embodiment of the invention; 

[0033] FIG. 2 is a schematic side view similar to FIG. 1 
showing an associated installation situation; 
[0034] FIG. 3 is a schematic view of a soldered heat 
exchanger of a current passenger vehicle; 
[0035] FIG. 4 is a Table showing the results of a survey of 
the dimensions of typical vehicle heat exchangers installed at 
present in mass production; 
[0036] FIG. 5 is a bar graph illustrating the changeover with 
respect to large scale heat exchangers of FIG. 4, based solely 
on consideration of heat exchanger matrix having the mea- 
sure V spec; 
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[0037] FIG. 6 is a bar graph similar to FIG. 5 illustrating 
consideration of heat exchanger matrix volume; 
[0038] FIGS. 7a and 7b are schematic flow diagrams of a 
motor vehicle cooling systems according to embodiments of 
the invention; 
[0039] FIG. S is a schematic illustration of heat exchanger 
installation in a cross-counterflow according to an embodi- 
ment of the invention; 
[0040] FIG. 9 is a schematic illustration of heat exchanger 
installation according to another embodiment of the invention 
analogous to FIG. S; 
[0041] FIG. 10 is a schematic illustration of heat exchanger 
installation according to a further embodiment of the inven- 

tion having a bypass valve; 
[0042] FIG. 11 is a schematic illustration of heat exchanger 
installation according to an embodiment of the invention with 
four heat exchanger tubes having 4-stage cross-counterflow; 
[0043] FIG. 12 is a schematic illustration of heat exchanger 
installation similar to FIG. 11 and having a flow crossover 
pipe; 
[0044] FIG. 13 is a schematic cross sectional view of the 
heat exchanger installation taken along line A-A of FIG. 12; 
[0045] FIG. 14 is a schematic diagram illustrating the flow 
distribution of the heat exchanger installation of FIGS. 12 and 
13; 
[0046] FIG. 15 is a schematic cross sectional view of a heat 
exchanger installation which is a modification of the heat 
exchanger of FIG. 13; 
[0047] FIG. 16 is a is a schematic illustration of heat 
exchanger installation according to another embodiment of 
the invention which is a modification of that shown in FIG. 
11; 
[0048] FIG. 17a is a schematic cross sectional view of the 
heat exchanger installation taken along line A-A of FIG. 16; 
[0049] FIG. 17b is a schematic cross sectional view similar 
to FIG. 17a o f a modification of a heat exchanger installation; 
[0050] FIG. 1S is a schematic flow diagram of an embodi- 
ment of a plate heat exchanger according to FIG. 17; and 
[0051] FIGS. 19(a), (b) and (c) are schematic perspective, 
plan and cross section views of part of a heat exchanger 
according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0052] The matrix volume V matrix of the heat exchanger 
according to the invention can be ~1-1. 25 I or ~1. 3-1. 4 I, for 
example ~1. 5-1. 75 I or ~1. 8-2. 0 I, particularly also ~2. 25- 
2. 51. The matrix volume V matrix can be ~4-51or ~3-3. 51, 
for example ~3. 25-3. 0 I or also ~2. 5-2. 75 I, without being 
limited thereto. Preferably, the volume of the heat exchanger 
matrix is in a range between 1. 4 I and 2. 5 1. 

[0053] The center-to-center spacing of the air-side heat 
exchanger fins t fin can be ~2. 5-3 mm or ~1. 5-2 mm, par- 
ticularly ~1. 1-1. 25 mm, preferably ~0. 9-1 mm, particularly 
preferably ~0. 7-0. 8 mm. The center-to-center spacing of the 
air-side heat exchanger fins t fin can be ~0. 2-0. 25 mm, 
~03-0. 4 mm or ~0. 5-0. 6 mm, without being limited thereto. 
The center-to-center spacing here is the spacing of the fins at 
the level of their centers, i. e. centrally between opposite 
tubes. The center-to-center spacing thus corresponds to the 
length of the finned tube sections divided by the number of 
fins provided in this section. If the fin spacing varies, e. g. if 
different tubes or tube sections with different center-to-center 
fin spaces are provided, reference has to be made to the 
average center-to-center spacing. 

[0054] Reference is made to FIG. 3 and the above explana- 
tions to this figure. 

[0055] The center-to-center tube spacing t tube can be 
~15-17. 5 mm, in particular ~12-13 mm or also ~11 mm or 
~7-0 mm. The center-to-center tube spacing t tube can be 
~2-3 mm or ~4-5 mm, for example ~5-6 mm or ~7-8 mm, 
without being limited thereto. The center-to-center spacing 
here is the spacing of the tube centers. If the center-to-center 
tube spacing varies, for example if regions with a different 
center-to-center tube spacing are provided, reference has to 
be made to the average center-to-center tube spacing. 
[0056] The passage height of the coolant-side flat tube-like 
flow passages can be ~2. 5-2. 75 mm or ~2-2. 25 mm, in 
particular ~1. 75-1. 8 mm or also ~1. 5-1. 25 mm or ~1 mm. 
The passage height can be ~03-0. 5 mm or ~0. 6-0. 75 mm, 
for example ~0. 8-0. 90 mm, without being limited thereto. 
The passage height here is the dimension of the tube cross 
section having the smaller dimension compared to the pas- 
sage width. 

[0057] In particular, the center-to-center tube spacing 
t tube (if required the average center-to-center tube spacing) 
of the coolant-side flow passages through which coolant 
flows can be less than 7 mm and/or the center-to-center spac- 
ing o f the parallel air-side passages through which air flows (I f 
required the average center-to-center spacing) can be less 
than I mm. It is also possible for the coolant-side flow pas- 
sages being constructed as flat tube-like passages having a 
passage height less than I mm and/or the center-to-center 
tube spacing t tube (If necessary the average center-to-center 
tube spacing) of the parallel coolant-side flow passages 
through which coolant flows can be less than 7 mm. It is also 
possible for the coolant-side flow passages being constructed 
as flat tube-like passages having a passage height of less than 
I mm and/or the center-to-center spacing (if necessary the 
average center-to-center spacing) of the parallel air-side heat 
transmission fins through which air flows can be less than I 
mm. It is also possible for the center-to-center tube spacing, 
the fin spacing and the passage height being dimensioned in 
the combination here described. 

[0058] FIG. 1 shows a typical heating device 45 within the 
system limit 52a as installed today in large-scale passenger 
vehicles and including the modification according to the 
invention. In this embodiment a blower 50 sucks in fresh air 
through the inlet 5fe and passes this air apart from certain 
leaks essentially fully through the heat exchanger 4m of the 
invention via the evaporator 51 of the air-conditioner and 
during the heater operation in the case of a heat deficit, i. e. 
with the temperature mixing flap 5bl5c in the position for 
maximal heating. The heat exchanger 4m occupies the vol- 
ume (4) and (90) of the previous series heat exchanger (4) and 
the previous series PTC (90). The associated installation situ- 
ation of the corresponding previous series application is 
shown in FIG. 2 with the heat exchanger 4 and the electric 
PTC auxiliary heater 90. If the heating power is set to its 
maximum, the major part of the air introduced into the cab is 
directed via the foot vents 5g: Depending on the vehicle class 
and the demands concerning the air-conditioning comfort, 
some of the vehicles are equipped with foot vents only in the 
front seat area and in vehicles with higher comfort also in the 
back seat area. 

[0059] In addition to the air distributed through the foot 
vents, control flaps, e. g. 5fd, for the windscreen and/or 5fm as 
so-called dashboard vents allow the adjustment of the air 
distribution as needed. Additionally, a part of the cab air is 
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normally directed to the vehicle windows to prevent them 
from fogging-up. In the partial load operation of the heater the 
temperature mixing flap 5b/5c takes over the throttling of the 
heater, if required in coordination with a reduction of the 
blower power. A limit stop 5e for the mixing flap 5b is pro- 
vided by a panel 5e. Reference number 5a indicates cold air 
flowing into the heat exchanger, 5f the tempered cab supply 
air (mixed temperature from flow path 5b and 5c), 5d the 
heating air path (unmixed air from the heat exchanger) and 5g 
a temperature control flap. 

[0060] An important point of the approach according to the 
invention is that a large-volume heat exchanger 4m as illus- 

trated in FIG. 1 is used, which is much more powerful than 
previous heat exchangers, and also that no installation space 
is available or reserved for the PTC auxiliary heater in the 
direction of flow behind the heat exchanger. 

[0061] Therefore, the construction volume of the heat 
exchanger according to the invention can be increased by at 
least the construction volume of the PTC auxiliary heater, if 
necessary including the mounting gap between the heat 
exchanger and the PTC auxiliary heater. A particular advan- 

tage is if the heating/air-conditioning device is equipped with 
a soldered high-performance heat exchanger, preferably 
made from aluminum, copper or brass and characterized in 
that the heat exchanger is constructed from at least one stage 
and preferably from two or more stages, comprising: 

[0062] a soldered heat exchanger fin-tube matrix in a cross- 
flow design (as typical in passenger vehicles) with 

[0063] flat tube-like heat exchanger passages for the liquid 
coolant and with 

[0064] air-side flow passages formed by the surfaces of the 
coolant-side heat exchanger passages facing away from the 
coolant, and air-side metal fins soldered to them, said metal 
fins being provided 

[0065] with a plurality of turbulence-producing recesses 
("Iouvers") o f the air-side heat trans fer fins transversely to the 
air flow. 

[0066] Such a high-performance heat exchanger preferably 
has an (average) center-to-center rib spacing t fin of the par- 
allel flown-through air-side heat transfer fins of less than 1. 3 
mm or less than 1. 15-1. 0 mm and/or the (average) center-to- 
center spacing t tube of the parallel flown-through coolant- 
side flow passages is less than 7 mm. Further, it is advanta- 
geous to form the coolant-side flow passages as flat tube-like 
passages having a passage height of less than I mm, said 
height representing the smaller dimension of the passage 
cross section. 

[0067] If the marginal conditions of existing production 
plants lead to limitations that do not allow very thin-walled 
coolant-side flow passages, it is also possible with certain 
restrictions concerning the overall heating potential to use a 
matrix with an (average) center-to-center spacing of the air- 
side heat transfer fins smaller than 0. 8 mm. The (average) 
center-to-center spacing of the parallel flown-through cool- 
ant-side flow passages here preferably amounts to 9-11 mm. 
In such a heat exchanger the coolant-side flow passages are 
preferably provided as flat tube-like passages having a pas- 
sage height of 1-2 mm. In this case the matrix volume can at 
least be 1. 7 I or preferably even 2. 0 I or more. The greater 
center-to-center tube spacing and the larger matrix volume 
are helpful here for keeping the air-side pressure losses in this 
configuration within reasonable limits. In addition, the larger 

matrix volume V matrix and the particularly small fin spac- 
ing t fin compensate certain deficits in the coolant-side heat 
trans fer. 

[0068] Heat exchangers having a high-performance heat 
exchanging matrix are basically known, for example in the 
latest BMW 3 series (for further examples see FIG. 4). New 
however is the use of the per se known high-performance heat 
exchanger matrix with a construction volume that by far 
exceeds the dimensions known up to present, and this 
although up to present the users always assume that the series 
heat exchangers are largely operated already at thermal satu- 
ration and that any enlargement would thus no make sense 
and also would not be possible in view of the required PTC 
installation space. Accordingly, as already mentioned, the 
strong enlargement of the construction volume in the practice 
is based on the realization that the approach according to the 
invention makes it actually possible to dispense with the PTC 
auxiliary heater. Surprisingly, the heating/air-conditioning 
device according to the invention can thus dispense with a 
PTC auxiliary heater. But a further important option of the 
invention in this context is to accept if necessary a significant 
increase of the air-side pressure losses at the heat exchanger. 
In the simplest case the invention provides for keeping the 
already highly compact heat exchanger matrix of the series 
heat exchanger and constructing the heat exchanger with a 
depth increased by the factor 1. 5-2. 5 or even more in the air 
flow direction, which means that the matrix volume increases 
by the factor 1. 5-2. 5 or more. Despite the omission of the PTC 
auxiliary heater, the air-side pressure loss at the heat 
exchanger thus also increases by almost this factor. But prac- 
tical tests have shown that, contrary to the problems expected 
at the first sight in connection with the air flow rate, this is in 
many cases educible. Of course, in new vehicle developments 
the width or the height of the matrix can be utilized among 
others for the matrix volume enlargement according to the 
invention. 

[0069] The increase of the matrix construction depth in the 
air flow direction as provided by the invention opens in a third 
step a broad field for optimally adapting the coolant-side 
pressure loss or the coolant flow rate of the heat exchanger to 
the respective case of application. This is principally of high 
interest particularly for the incorporation of measures for 
making the coolant flow through the heat exchanger tube 
across the heat exchanger width more uniform, and also for 
the changeover to the highly efficient cross-counterflow 
design with two or more stages. 

[0070] Q 100 is a good assessment method for delimiting 
particularly effective embodiments of the heating device of 
the invention including a high-power heat exchanger against 
prior art. The Q 100 standard describes the power output of 
the heat exchanger during flow-through at a temperature dif- 
ference of 100 K between the coolant inlet temperature and 
the air inlet temperature. Satisfactory passenger vehicle heat 
exchangers today achieve a Q 100 standard of approx 8. 0-9. 0 
kW at a mass air flow of 6 kg/min and a mass coolant flow of 
10 I/min at 50/50 vol. -/% of water/glycol. If one considers the 
passenger vehicle heat exchangers available on the market, 
with the highest output per matrix volume up to the upper 
middle class the heat exchanger matrix volume thereof 
being approx 0. 72-1. 1 I, the maximum output by volume of 
modem high-performance passenger vehicle heat exchangers 
in connection with the above Q 100 standards of 8. 0-9. 0 kW 
is approx 11 12. 5 kW/I of heat exchanger matrix. Against this 
background the volume enlargement for example of the heat 
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exchanger matrix according to the invention from e. g. 1. 01 to 
more than 1. 4 I means a deliberate reduction of the specific 
power to values clearly below 7. 1 kW/I (=10. 0 kW/1. 4 I), for 
example to ~6. 7-6. 85 kW/I, ~6. 5-6 kW/I or also ~4. 5 -5 
kW/1. The specific power can be ~2-2. 5 kW/I or ~2. 75-3 
kW/I, for example ~3. 5-3. 75 kW/I or ~4 kW/1. 

[0071] A series connection of two or more high-perfor- 
mance cross-flow heat exchangers in the cross-counterflow, 
which is particularly preferred in the present invention, means 
in this connection that single cross-flow heat exchangers each 
having an individual power per volume of more than 8-9 kW/I 
are intentionally reduced as explained above by the series 
connection and despite the cross-counterflow operation to 
less than 7. 1 kW/1. In the practice this reduction of the specific 
power is even higher, among others because of the compro- 
mises that have to be made in some applications with regard 
to the air-side fin spacing for keeping the air-side pressure 
losses of the heat exchangers of the invention within limits. 

[0072] Although the technique according to the invention 
primarily aims at the complete omission of the PTC auxiliary 
heater, even a technique is normally conceivable providing 
the enlargement of the specific matrix volume V spec in 
connection with an electric PTC auxiliary heater according to 
the invention. In this context it is of course important ro 
reserve a sufficiently large installation space, although this 
might be practicable only in very exceptional cases. The 
original object then changes toward limiting the PTC opera- 
tion to an electric power or duty factor which is as low as 
possible and thus to an additional fuel consumption due to the 
PTC which is as low as possible and/or toward restricting the 
PTC installation to cold countries and/or to sparing additional 
costs for larger generators due to the PTC. 
[0073] However, the technique according to the invention 
provides maximum benefit only if the PTC disappears from 
all applications of the vehicle series, so that the heating/air- 
conditioning device according to the invention doesn't need 
any provisions with regard to a reserved installation space or 
fixing devices or electric connections for an air-side PTC 
auxiliary heater or any other auxiliary heater in the heating/ 
air-conditioning device. 

[0074] The heating/air-conditioning device according to 
the invention is particularly efficient if the high-performance 
heat exchanger is constructed from at least two and preferably 
three or four cross-flow heat exchangers in cross-counterflow. 
In this context, it is particularly advantageous if the coolant, 
before its transfer from one stage of the heat exchanger to the 
next, is mixed by means of cross-sectional constrictions and 
is thus also throttled to a certain extent. This measure has a 
particularly positive effect on the start-up of the heat 
exchanger when the coolant is very cold or if air supply takes 
place non-uniformly, since in this way each individual stage 
exhibits more homogeneous coolant inlet temperatures 
across the width of the water tank. Inhomogeneities in the 
coolant temperature are less increased from stage to stage in 
the cross-counterflow operation, since an evasion of the cool- 
ant flow to the passages having a higher coolant temperature 
or a lower coolant viscosity is less strongly induced. The 
throttle effect of this measure is a welcome side effect in many 
applications, because it increases the coolant temperature 
spread at the heat exchanger and possibly also at the motor, 
thus improving the heating if the heat exchanger is sufft- 

ciently dimensioned. 

[0075] This thorough mixing can take place in a particu- 
larly efficient and simple way by conducting the entire cool- 

ant volume of a first water tank trough a common bore or a 
common connecting passage to the subsequent water tank of 
the next stage. FIG. S illustrates a correspondingly con- 
structed heat exchanger in a cross-counterflow. Here the cool- 
ant inflow takes place through the inlet 204, and the first 
cross-flow stage is formed by the series of flat tubes 206, with 
a first conventional redirection to the second cross-flow stage 
207 in the water tank 211. The transition from the second to 
the third cross-flow stage 20S takes place via an external 
connecting passage 202/200 in which thorough mixing and 
thus thermal smoothing of the coolant necessarily takes place 
before the third stage, but this can normally take place inde- 

pendently of the embodiment before the third or prior the 
ultimate stage. The mixing position can also be incorporated 
in the water tank, e. g. via one or more panels or changes of the 
flow direction. This can generally apply independent of the 
embodiment. It is particularly preferable for the temperature 
smoothing o f the coolant largely taking place be fore the third 
stage or normally before the ultimate stage. Depending on the 
installation position and the need for venting, a possible addi- 
tional vent bore in at least one or in more than one or in all 
water tank partition sheets, for example in the water tank 
partition sheets 212 and/or 203/201, provides for a reliable 
operation. The arrows 209a, 210a in the figures indicate the 
inflow and outflow directions of the cooling air. An analogous 
technique is illustrated in FIG. 9 in which the passage 202c 
takes over the mixing function by conducting the coolant of 
the first cross-flow stage 206 to the two parallel arranged 
series of tubes 207 and 20S of the second or ultimate cross- 
flow stage. This can generally apply independent of the 
embodiment. 

[0076] The installation of heat exchangers according to 
FIG. S or FIG. 9 preferably takes place horizontally (ke. with 
the heat exchanger tubes horizontally arranged in the instal- 
lation position), which can generally apply independent of the 
embodiment, with the coolant inflow 204 being at the bottom. 
Independent hereof the installation can take place generally 
with the heat exchanger tubes in a vertical position (upright 
heat exchanger tubes 206, 207 and 20S). 
[0077] A particular advantage of the illustrated construc- 
tion is that the horizontal or vertical installation allows the 
heat transfer tubes of the heat exchanger being arranged par- 
allel to the travelling direction of the respective vehicle. This 
results in a more uniform through-flow of the coolant in the 
particularly important setting to maximum heating in the foot 
space position. In the preferred installation position the outlet 
water tank or the coolant outlet 221 is positioned at the top 
relative to the installation position and with the heat transfer 
tubes 206, 207, 20S in the upright position. 

[007S] A pressure loss which is somewhat lower than that 
of a single cross-over piping 202 is achieved by a technique in 
which mixing takes place by conducting the coolant volume 
of a first water tank through precisely two bores or precisely 
two connecting passages to the subsequent water tank of the 
next stage and in which a partition sheet in the water tank 
separates the two flow paths. 

[0079] To save a coolant-side pressure loss, the mixing in 
FIG. S takes place only at the transition to the ultimate and 
thus coldest stage on the coolant side. This can generally 

apply independent of the embodiment. Since the ultimate, i. e. 
coldest stage reacts the most sensitively to temperature inho- 
mogeneities at the inlet of the individual parallel coolant 
passages, the mixing according to the invention is particularly 
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effective here and is beneficial also to the more downstream 
stages on the air side due to the particularly homogeneous air 
outlet temperatures. 

[00SO] The heating device according to the invention pro- 
vides for an improved heating power in almost all applica- 
tions. But depending on the motor, even additional measures 
on the side of the cooling system can be used to achieve a 
heating power which is the same as that of the today's PTC 
auxiliary heater in almost all operation situations. It is espe- 
cially advantageous for the cooling and heating system being 
designed in such a manner that the main coolant flow for 
cooling a combustion engine in a first operation mode with 
less exhaust heat of less than 5 kW (if necessary also less than 
10 kW or less than 20 kW) dissipated into the coolant prima- 
rily passes through the heat exchanger, while in a second 
operation mode with a comparatively higher exhaust heat 
and/or with coolant temperatures of 10 K (if necessary 15 K 
or 20 K) above the temperature of earliest opening of the 
vehicle radiator branch settable or thermostatically preset in 
the vehicle, said main coolant flow also passes through a 
vehicle radiator and/or a radiator bypass and that in this 
second operation mode in the speed range close to the idling 
speed of the combustion engine less than 2. 5-2. 25 I/min, e. g. 
less than 2. 0-1. 8 I/min of the coolant flow through the heat 
exchanger even at a high to maximum cab heating demand. 
The speed close to the idling speed can for instance be up to 
10% or up to 15-20% or up to 25-50% above the idling speed 
of typically 800 to 1000 rpm. The exhaust heat in the second 
operation mode can amount to =25-50% or =100-150% or 
~200% of the exhaust heat in the first operation mode. A 
cooling system which is designed in this way again indeed 
contradicts the design guidelines of modern vehicles having a 
combustion engine, since in conventional heat exchangers 
and at a heater coolant flow rate of less than 2-3 I/min the 
efficiency of the heat exchanger drops and in many cases 
behaves completely undefined. However, in the heating/air- 
conditioning device according to the invention this accept- 
able in view of the power reserves of the heat exchanger. A 
system designed in this way deliver sufficient heating power 
in the second operation mode, since the thermostat only opens 
from a relatively high temperature. In the first operation 
mode, especially in the idling speed, an increased tempera- 
ture spread is evident enabling the motor or the motor oil 
being temporarily utilized as an additional heat source for 
somewhat increasing the coolant temperature at the motor 
outlet and for minimizing surface heat losses in this operation 
situation which particularly critical concerning the heating 
power. 

[00S1] The particular aim of the embodiment according to 
the invention is to operate the heat exchanger closely to the 
thermodynamically maximum possible efficiency in a vast 
operation range of the motor and in a vast operation range of 
the coolant flows through the heat exchanger, to provide 
sufficient heating power by reducing the surface heat losses 
and by saving heating power for heating the components 
coming into contact with the coolant and the motor oil, and to 
save fuel by the omission of the electric power for the PTC 
auxiliary heater. For maximizing the degree of heat efficiency 
at the heat exchanger and in the heating device it is particu- 
larly advantageous to minimize also the losses on the side of 
the heating device which are caused by the fact that during 
air-side temperature control a certain part of the cab air does 
not flow through the heat exchanger matrix, but through leaks 
of the closed temperature control flaps of the heating device. 

In view of this it is very helpful, especially if the heating/air- 
conditioning device includes an air-side temperature control, 
to guarantee by means of highly effective sealing surfaces on 
the individual control flaps and/or by means of particularly 
high pressure forces exerted by their servo motors or other 
suitable forms of temperature control that, if the heater is fully 
open, more than 95% of the air supplied to the cab passes the 
heat exchanger matrix. In this context, minimizing the 
amount of escaping air guarantees that the advantages of the 
heat exchanger according to the invention are not unneces- 
sarily limited. 

[00S2] A vehicle in which the heating/air-conditioning 
device is designed in accordance with the invention will be 
able to deliver the same heating power as modern vehicles 
equipped with fuel-intensive PTC auxiliary heaters, if the 
motor cooling circuit is appropriately designed. With the 
characteristic marginal conditions of a winter heating test, 
conducted for example in accordance with the VDA guide- 
lines, a satisfying heating performance will be achieved even 
if the motor coolant remains colder than in the modern PTC 
operation. A particularly advantageous tuning of the overall 
system of the invention can be seen in many applications by 
the fact that the heating/air-conditioning device in a passen- 
ger vehicle with Diesel engine does not include a PTC aux- 
iliary heater or any other air-side auxiliary heater and does not 
exceed during the first 30 minutes a coolant temperature of 
50' C. at the heat exchanger inlet in a typical winter test 
constant ride in accordance with the VDA guideline, at 

[00S3] 50 km/h in the gear stage automatically set by the 
automatic transmission or, in a manual transmission, in the 
highest gear allowing smooth travelling, 

[00S4] — 20' C. ambient temperature and 

[00S5] a setting of the heater to maximum heating in accor- 
dance with the operation manual. 

[00S6] Moreover, a tuning will be advantageous in many 
cases in which during the first 30 minutes a cooling tempera- 
ture of 40' C. at the heat exchanger is not exceeded, so that 
additional heat is saved by the thermal spread at the heat 
exchanger. 

[00S7] Particularly, in the idling speed the high heat extrac- 
tion at the heat exchanger and the tuning for a relatively high 
thermal spread at the heat exchanger will lead to the coolant 
temperature at the heat exchanger even dropping to below 25' 
C. after additional 15 minutes of idle running of the motor 
with the vehicle in the stationary condition, immediately after 
the first 30 minutes of the heating test conducted at — 20' C. 
and 50 km/h in accordance with the above explanation, yet 
delivering a heating power which is almost the same as that 
delivered by modern vehicles with the PTC in operation. 

[00SS] The technique according to the invention providing 
for a considerable increase of the heat exchanger volume 
enables using heat exchangers with several series-connected 
cross-flow heat exchangers in the cross-counterflow and yet 
with very small passage heights of the flat tubes of the heat 
exchanger. At low temperatures a certain delay in the thermal 
start-up, i. e. a certain delay until the heating circuit is filled 
with partly heated coolant, can be recognized to some extent 
due to the series connection and the small passage heights. To 
accelerate this thermal start-up it is particularly advantageous 
if a valve, especially a valve that opens above a certain pres- 
sure difference, temporarily or completely bypasses one or all 

cross-flow heat exchanger stages at extremely low coolant 
temperatures. A corresponding valve V202 in a heat 
exchanger according to the invention is shown in FIG. 10. 
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[00S9] In this context it is particularly favorable for the 
heating/air-conditioning device being configured or operated 
in such a manner that in the bypass operation the heat 
exchanger stage(s) facing the cold air inlet is(are) subject to a 
warm coolant, the coolant being heated through the air in the 
air-side subsequent stage(s), so that this(these) heat 
exchanger stage(s) can be gradually increasingly flown- 

through due to the decreasing viscosity of the coolant. 

[0090] It has been mentioned already that frequently it is 
very advantageous for the technique according to the inven- 

tion leaving the previous specifications in the specification 
book for heating/air-conditioning devices as far as the coolant 
flow rate or the air flow rate are concerned and instead allow- 

ing higher pressure losses at the heat exchanger. This applies 
to both the air side and the coolant side. Generally and espe- 
cially in motors that react positively to a large thermal spread, 
it frequently is an advantage to design already the heat 
exchanger in such a way that compared to the today's stan- 

dards for soldered heat exchangers the same does not produce 
coolant-side pressure losses in the range of 7-25 mbar at 5 

I/min and 80' C. coolant flow rate, but more than 40 mbar or 
more than 45-50 mbar. Although an increase of the construc- 
tion volume or the construction depth as provided by the 
invention promotes in principle the reduction of the coolant- 
side pressure loss which seems attractive at the first sight, it 
frequently is much better in such motors to invest the pres sure 
potential in an improvement of the coolant-side heat transfer. 
This can be implemented among others through a reduction 
of the coolant passage height of the heat exchanger tubes or 
through a reduction of the number of cross-counterflow 
stages or merely through pressure loss-increasing measures 
that provide for a uni form flow of the coolant through the heat 
exchanger tubes. 

[0091] Just as on the water side, the practical test on the air 
side also shows that an air-side increase of the pressure loss up 
to a factor 2 at the heat exchanger according to the invention 
is no problem to cope with compare to today's large scale 
examples. On the one side this is especially due to that the 
heat exchanger is responsible only for a comparatively small 
share of the total pressure loss on the air side and on the other 
side that a minor drop of the mass air flow frequently shifts the 
heat exchanger to a more favorable zone of the heat efficiency 
Phi and additionally also reduces the heat losses caused by 
partially heated cab air flowing out from the interior of the 
vehicle. In view of this it not only turned out to be feasible, but 
in many cases also to be particularly favorable even in a 
highly compact heat exchanger matrix, i. e. particularly with a 
center-to-center tube spacing t tube of below 6-7 mm or 
below 5 mm, to select a construction depth of the heat 
exchanger matrix in the air flow direction of more than 48-52 
mm, particularly up to 56-60 mm and more and/or to allow an 
isothermal air-side pressure loss at the heat exchanger of 
more than 200 Pa or more than 225-250 Pa at 6 kg/min air of 
25' C. Compared especially with the highly compact variants 

of large-scale heat exchangers according to FIG. 4, this means 
both a quite considerable increase of the construction depth 
the greatest matrix construction depth in the air flow direction 
in the variants with less than 7 mm center-to-center tube 
spacing there being 27 mm and also a quite considerable 
increase of the pressure loss on the air side. But at the instal- 
lation of a prototype of the heating device according to the 
invention in modern large-scale passenger cars this turned out 
to be quite advantageous. 

[0092] The manufacture of a heat exchanger according to 
the invention is relatively easy in view of the above explana- 
tion, since tools and semi-finished products which are already 
tested in the large-scale production can be used for the flat 
tubes of the heat exchanger, for the air-side fins and also for 
the joining or soldering process. But for a particularly fast 
series production launch, a method using heat exchangers 
already produced on a large scale is particularly advanta- 
geous. In this case, the installation space gained through the 
omission of the PTC makes it possible in some vehicles to use 
two or more at least largely structurally identical single heat 
exchangers which are connected in series in the cross-coun- 
terflow. It is also possible to use existing heat exchangers 
which are already produced on a large scale. In the simplest 
case, two highly compact, soldered heat exchangers are con- 
nected in series via the coolant supply and discharge passages 
or via an adaption of the water tank. The small construction 
depth in the air flow direction of some highly compact heat 
exchangers allows this approach also in today's heating 
devices with only a few modifications on the heating device, 
provided that the PTC auxiliary heater is dispensed with. If a 
suitable heat exchanger is selected and if the water tank is 
slightly modified if necessary, three or even more cross-coun- 
terflow stage can be realized at a moderate effort. 

[0093] The technique according to the invention can be 
principally applied to vehicles with or without a radiator 
bypass branch 6b. 

[0094] The heating/air-conditioning device can be assigned 
to or installed in a vehicle model range comprising 50, 000 
vehicles per year, all motors of this vehicle motor range 
including a bypass branch 6b and a motor cooling circuit with 
a thermostat which is adapted in such a manner that the 
bypass branch 6b provides a coolant flow rate higher than the 
heater coolant flow rate at an engine output of ~50% or 
~70% of the power rating and with the thermostats in the 
closed state. 

[0095] In a case without a bypass branch 6b care has to be 
taken that in the closed state of the radiator branch 6a a 
sufficient amount of coolant flows through the motor to avoid 
on the one side a local overheating of the motor at an 
increased motor load and on the other side to guarantee cor- 
rect control of the radiator thermostat during the thermostat 
opening operation. In view of this it is particularly advanta- 
geous without a bypass branch 6b to design the heat 
exchanger branch for the higher flow rate and/or to provide a 
constantly open branch parallel to the heat exchanger an at 
least in a heated condition of the motor. Normally in this case 
the heat exchanger according to the invention will be prefer- 
ably provided with still some more construction volume and 
designed for a higher heater coolant flow rate. 
[0096] Further, there is a need for improving the efficiency 
of heat exchangers according to the invention and/or of heat- 
ing/air-conditioning devices with a low to medium coolant 
flow rate, thus enlarging the scope of dimensioning with 
regard to the maximum possible increase o f the heating power 
and/or reducing the air-side pressure loss and/or the heat 
exchanger construction space. 
[0097] To this end an improvement of the high-perfor- 
mance heat exchanger is proposed, comprising or consisting 
of 
[009S] a soldered heat transfer matrix consisting of cool- 
ant-side flat tubes and air-side fins with a plurality of recesses 
following one after the other in the air flow direction and 
producing turbulences, 
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[0099] precisely four cross-flow heat exchangers con- 
nected in series in the cross-counterflow and 

[0100] on the first coolant-side tube end of the heat 
exchanger matrix a connecting water tank 301 having a cool- 
ant supply connection 311 and discharge connection 312, said 
connecting water tank being divided by two partitions 350 
and 352 for establishing the cross-counterflow, and 

[0101] on the second coolant-side tube end of the heat 
exchanger matrix a redirection water tank 300 with precisely 
one partition 360 defining the four-stage configuration. and 
wherein 

[0102] alternatively or in combination 
[0103] (I) the redirection water tank 300 includes a cool- 
ant-side construction height hu which is less than 30% of the 
coolant-side construction height ho of the connecting water 
tank 301 and/or 

[0104] (2) an additional central partition 351 of the con- 
necting water tank 301 with a panel-like flow cross-over 313 
between stage 2 and stage 3 is provided, in which the coolant 
cooled in the first two stages is throttled and simultaneously 
further homogenized. 
[0105] Further, a heating/air-conditioning device of a pas- 
senger vehicle can comprise such a heat exchanger, and 
vehicle platform with more than 50, 000 vehicles per year, 
each of which preferably having an empty weight of less than 
2000 kg, can be equipped with such a heat exchanger. The 
above statements of the invention explicitly also relate to this 
improvement, but the heat exchanger according to this 
improvement can be used in an advantageous manner also 
independently. 
[0106] The improvement of the heating power that can be 
implemented in this way frequently leads to values of heating 
power of vehicles better than those obtained with modern 
PTC auxiliary heaters, so that the new heat exchanger design 
can be utilized for further decreasing the air-side pressure 
losses or for further reducing the installation space. Further, 
these additional improvements can be implemented at mini- 
mal costs. With the design according to the invention which is 
accompanied by the increase of the coolant-side pressure 
losses a certain drop of the coolant flow rate in the heating 
branch is connected which significantly contributes to the 
improvement of the overall system, i. e. to the improvement of 
the effective heating power of the vehicle. 
[0107] The redirection water tank can have a coolant-side 
construction height hu such that the distance between the 
coolant flat tube exit and entrance and the facing inner wall 
side of the redirection water tank is exactly the same for each 
single flat tube, the average distance to the inner wall side of 
the redirection water tank being less than 1-3 mm for all flat 
tube end positions along the flat tube circumference. 
[010S] Further, the flow crossover cross section can have a 
cross sectional area of flow which is smaller than or equal to 
the smallest cross sectional area of flow of the inlet connec- 
tion. 
[0109] The heating/air-conditioning device can be installed 
with a heat exchanger which is at least substantially structur- 

ally identical concerning the major dimensions. The major 
dimensions are length, width and height of the device and the 
heat exchanger. This can generally apply within the scope of 
the invention. 

[0110] This improvement is shown by way of an example in 
the FIGS. 11 to 15. The reference numbers 306-309 denote 
exchanger tubes. Like reference numbers generally have the 
like denotation, especially in the FIGS. S to 15. 

[0111] In addition to a particularly high efficiency the 
4-stage cross-counterflow heat exchangers exhibit also manu- 

facturing advantages compared to 3-stage cross-counterflow 
heat exchangers. For instance, the redirection water tank 300 
can be manufactured more easily and with less tolerance 
requirements. Particularly important is the possibility to 
make the redirection water tank smaller and to reduce the 
construction height hu to very small values, i. e. smaller than 
30% of the corresponding dimension ho of the upper connec- 
tion water tank 301, for example smaller than 25% or smaller 
than 20% of the same, particularly preferred with less than I 
mm clearance to the opposite water tank wall. Here the con- 
struction height relates to the part of the water tank in the 
partition area of the 1st to the 2nd stage and/or the 3rd to the 
4th stage or to the construction height of the overall water 
tank, i. e. preferably to the construction height over its total 
extension in the direction of the coolant flow. This enables the 
provision of additional construction space for the maximiza- 
tion of the heat exchanger matrix volume. The connection 
water tank here generally comprises the connections for sup- 

ply and discharge. 

[0112] The small distance between the coolant flat tube exit 
and the opposite inner wall of the redirection water tank 
preferably is less than I mm. The small distance of less than 
I mm in context with the connection of the 4-stage configu- 
ration and the simple design of the redirection water tank 300 
causes particularly small manufacturing and tolerance-spe- 
cific problems, since keeping a uniform wall spacing neces- 
sary for the uniform distribution of flow is required only at the 
redirection water tank 300, while even rougher tolerances are 
acceptable at the water tank 301, e. g. at a somewhat different 

length of the matrix flat tubes. 

[0113] Contrary to the 2-stage heat exchangers already 
introduced in the series production of passenger vehicles and 
compared to water tanks of the conventional size, this mea- 
sure is suitable for reaching the goal despite the increase of 
the coolant-side pressure loss associated with this, if the 
configuration of the overall system e. g. in accordance with 
the above described technique according to the invention 
goes toward smaller coolant flow rates in the heating branch, 
i. e. if the heat exchanger itself is used as a throttling element. 
In this case, the small height ho as well as the quadruple 
cross-counterflow design and/or the flow crossover position 
are effective as an internal throttling element in the heat 
exchanger and simultaneously cause an improvement of the 
coolant-side uniform distribution of flow and thus an 
improvement of the heat exchanger efficiency. As important 
as this effect is the fact that at the same external dimensions of 
the heat exchanger the small height hu is equivalent to an 
increase of the matrix front face and also of the matrix vol- 
ume. Both can be directly translated into a smaller air-side 
pressure loss and/or into better efficiency. 

[0114] Compared to typical heat exchangers in modern 
mass production passenger vehicles with a conventional 
design of the upper and lower water tanks, the first decisive 
difference of the this improvement is that four stages are used 
instead of one or two stages. The layout of system which is 
untypical for a series production and which aims on the one 
side to smaller target values of the heater coolant flow rate, but 
on the other side possibly also to the utilization of the PTC 
installation space, allow this changeover to four stages with- 
out the coolant flow or the heat exchanger efficiency sharply 
dropping during warmup at a low engine speed. 
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[0115] In addition to the throttling through the four-stage 
configuration, the redirection water tank 300 is designed as a 
second additional throttle position in such a manner that the 
construction height hu of the redirection water tank 300 is less 
than 30% of the opposite wall of the water tank, as explained 
above. The small distance to the flow inlet and outlet of the flat 
tubes relative to the opposite wall of the water tank causes a 
significant increase of the local throttling losses. But on the 
other hand, these local throttling losses cause a particularly 
uniform flow through the individual flat tubes of the heat 
exchanger matrix. The consequence is that even at a relatively 
low coolant flow rate through the flat tubes of the matrix the 
uniform distribution of flow and temperature are still very 
well. 

[0116] In contrary to the approach according to the inven- 

tion, conventional series heat exchangers are designed for 
high coolant flow rates and hence pressure losses which are as 
small as possible. For this reason the dimensions of hu are 
substantially larger in all known passenger vehicle heat 
exchangers, in order to minimize the pressure losses during 
the redirection of the coolant flow in the redirection water 
tank 300. Normally the dimensions hu and ho there are 
approximately the same. But surprisingly, the increase of the 
pressure loss conditional on the principle according to the 
further development into a four-stage heat exchanger inclu- 
sive the increase of the pressure loss due to the extremely 
small redirection water tank, is rather an advantage than a 
disadvantage. Here it is important that the installation space 
of the PTC is available for the heat exchanger and that the 
overall system is capable of replacing the PTC auxiliary 
heater with regard to its power. 

[0117] Finally, this way leads to considerable savings of 
manufacturing costs and fuel. 

[011S] It is a particular advantage, especially in applica- 
tions requiring particularly low coolant flow rates, if throt- 
tling of the coolant flow rate of the heat exchanger to the 
custom-designed target coolant flow rate takes place as illus- 
trated in FIG. 12 by means of a panel or a flow crossover pipe 
313 between stage 2 and stage 3. If necessary, this allows 
throttling in a further step, wherein it is particularly advanta- 
geous that in this cross section constriction the coolant is not 
only throttled to some extent, but necessarily also thoroughly 
mixed prior to or at the time of its transfer from the second to 
the third stage of the heat exchanger. 

[0119] This measure for throttling and mixing between 
stage 2 and stage 3 especially has a positive effect on the 
startup of the heat exchanger when the coolant is very cold 
and when the admission of air is non-uniform, since in this 
way every single stage exhibits more homogeneous inlet tem- 
peratures of the coolant across the width of the water tank. 
Through this measure, inhomogeneities of the coolant tem- 
peratures become less strong from stage to stage in the cross- 
counterflow operation, because an evasion of the coolant flow 
to passages having a higher coolant temperature or a lower 
coolant viscosity is induced to a lesser extent. The homog- 
enization of the flow is supported in case also by the increase 
of the pressure loss during inflow and outflow in the redirec- 
tion water tank 300 having a smaller construction height hu. 
The customized adjustment of the pressure loss can be selec- 
tively effected in the end via the dimension hu or by the flow 
crossover cross section 313 which is much easier in many 
cases~r also by a combination of both measures. 

[0120] The coolant-side throttling effect provided by these 
measures is a welcome side effect in many applications, 

because it increases the coolant temperature spread at the heat 
exchanger and in case also at the motor, thus improving the 
heating, provided that the heat exchanger is sufficiently 
dimensioned. 

[0121] As shown in the FIGS. 12 and 13, in the case of very 
small target values of the heater coolant flow rate it is particu- 
larly advantageous if the crossover from stage 2 to stage 3 
does not take place across the entire width of the water tank 
as this is usual for minimizing pressure losses in modern 
vehicle heat exchangers, but if the entire coolant volume flow 
is allowed to pass through a common bore or a common 
connection passage to the water tank of the third stage, for 
mixing. Here the coolant supply takes place through the inlet 
or the supply connection 311, the first cross-over stage being 
formed by the series of flat tubes 306, with a first redirection 
to the second cross-flow stage 307 taking place in the water 
tank 300. The cross-over from the second to the third cross- 
flow stage 30S takes place through the connection opening 
313 in which the coolant is necessarily thoroughly mixed and 
thermally harmonized prior to the third stage. The mixing 
position 313 is preferably incorporated in the water tank 301. 
Here it is important that a further harmonization of the coolant 
temperature takes place before the third stage. Depending on 
the installation position and on the demand for venting, a 
small additional vent bore in the water tank partition 360 or 
350/352 (or generally in a corresponding partition) guaran- 
tees safe operation. 

[0122] The simultaneous changeover to four cross-counter- 
flow stages instead of two as provided in today's large-scale 
passenger vehicles and the installation of additional throttle 
positions for homogenizing the flow through the heat 
exchanger and the temperature distribution constitute addi- 
tional preferred steps for improving the heat exchanger 
according to the invention. Corresponding tests in vehicles 
have shown that the accompanying increase of the pressure 
loss in the heating branch can be handled with known motor 
coolant pump characteristics. This is especially the case, 
because in many applications a reduction of the coolant 
through-flow in the heating branch by using such high-per- 
formance heat exchangers has an advantageous effect on the 
heating power. 

[0123] In addition to the 4-stage configuration, the heat 
exchanger according to the invention is characterized in that 
it includes internal construction features which on the one 
side increase the coolant-side pressure loss due to the prin- 
ciple used and thus lower the coolant flow rate in the vehicle 
heating circuit and on the other side preferably provide for a 
reduced drop in efficiency at smaller to medium coolant flow 
rates by the additional mixing action between stage 2 and 
stage 3. Such a construction feature is represented by the flow 
crossover passage 313. This is constituted in the simplest way 
by a panel bore 313a in the partition plate 351. The central 
partition wall 351 of the connection water tank 301 preferably 
includes a panel-like flow crossover 313 between stage 2 and 
stage 3 in which the coolant cooled in the first two stages is 
throttled and simultaneously largely harmonized. The redi- 
rection water tank 300 on the coolant-side tube end of the heat 
exchanger matrix comprises precisely one partition wall 360 
defining the four-stage configuration which means that the 
flow is merely redirected there. The transverse mixing is 
comparatively relatively unimportant, quite contrary to the 
mixing between stage 2 and stage 3 in the water tank. It will 
be understood that normally the partition essentially has the 
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function of a separating element and thus is not required being 
a load-bearing construction, though this may be the case. 
[0124] It is particularly advantageous if the inlet connec- 
tion 311 and the outlet connection 312 are situated on the 
same side 400 of the connection water tank 301, as illustrated 
in the FIGS. 12 and 13, and if the flow crossover 313 of the 
partition 351 is situated on the opposite side 401 of the con- 
nection water tank 301, in particular close to that flat tube of 
the heat exchanger matrix which is furthest away from the 
inlet and outlet connections 311/312. This arrangement pro- 
vides for a particularly good uniform distribution of flow to 
the individual flat tubes of the heat exchanger. This is due 
among others to the fact that the dynamic pressure in the 
water tank 301 is largely compensated in total over all four 
stages because of the transverse flow relative to the flat tubes 
of the heat exchanger. This is symbolized in FIG. 14 by the 
length of the flow arrows in the water tank 301: On average 
the number of short and long arrows, i. e. the number of matrix 
flat tube inlet and outlet positions with an increased or 
reduced dynamic and hence oppositely varying static pres- 
sure is the same over all four stages. 

[0125] According to the FIGS. 11 and 12, a heat exchanger 
of the invention is particularly easy to manufacture if the 
redirection water tank 300 includes precisely one partition 
360. 
[0126] To achieve good mixing between stage 2 and stage 3 
it is particularly advantageous for the flow crossover section 
313 having a cross sectional area of flow which is equal to or 
smaller than the cross sectional area of flow of the inlet 
connection 311. This additionally guarantees that the heat 
exchanger also causes minimum throttling of the coolant flow 
rate as present in the cold and warm condition of the coolant, 
i. e. the heat exchanger flow rate varies less in dependence of 
the coolant temperature than this is the case in heat exchang- 
ers without the internal throttling by means of the flow cross- 
over cross section 313 and, if necessary, with the small con- 
struction height hu of the redirection water tank. 

[0127] If the known directives for the venting of heat 
exchangers are observed, the heat exchanger according to the 
invention can be installed in the most varying installation 
positions, for instance in upright or horizontal position, and if 
necessary with additional vent bore in the mm range, e. g. in 
the rage of 1-2 mm or 2-3 mm. 

[012S] Particularly advantageous is an arrangement in 
which the heat exchanger is displaced parallel to the flat tubes 
of the heat exchanger during installation. In this case and 
possibly also independently of this case such a heat exchanger 
provides is particularly efficient concerning its construction 
space, if the connection water tank 301 in the installed con- 
dition closes the aperture for the installation and de-installa- 
tion of the heat exchanger, especially if the same at least partly 
projects from the heating/air-conditioning device. The redi- 
rection water tank 300 and the two heat exchanger side sur- 

faces can rest against the flow-determining inner walls of the 
heating/air-conditioning device and/or are sealed there 
against leak air past the heat exchanger. In addition to the 
advantages during installation and de-installation and during 
sealing, the obstruction of the air flow in this arrangement is 
particularly little, i. e. the air-side pressure loss is particularly 
low thanks to the small construction height hu of the redirec- 
tion water tank 300 and to the arrangement of the connection 
water tank 301 largely outside the actual air flow path. Thus 
the effective size of the heat exchanger matrix is maximized 
in many applications typical for vehicles. 

[0129] The small construction height hu is not necessarily 
required, but it is very helpful in implementing a heat 
exchanger that is particularly efficient with regard to low to 
medium coolant flow rates. In this context even the 4-stage 
heat exchanger according to FIG. 15 means a significant 
improvement compared to previously known heat exchangers 
in large-scale passenger vehicles. 

[0130] FIG. 15 shows in a cross section a modification of a 
heat exchanger of the invention corresponding to FIG. 13, 
wherein the central partition 351 also includes a panel-like 
flow crossover 313 between stage 2 and stage 3, but wherein 
contrary to FIG. 13 the upper and the lower water tank 300, 
301 have substantially the same construction height. 

[0131] A modification of a heat exchanger according to the 
FIGS. 11 to 15 is shown by way of an example in the FIGS. 16 
to 1S, wherein in these Figs. identical reference numbers (if 
necessary increased by 200) have the identical denotation. 
Unless the following description mentions anything different, 
reference is made to the above description, particularly to the 
embodiment of the FIGS. 11 to 15. This further improvement 
is particularly advantageous in context with embodiments of 
the present invention, but also independently thereof. 

[0132] The following embodiment solves the problem of 
providing a passenger vehicle series heat exchanger that 
exhibits an improved efficiency at a small to medium coolant 
flow rate, thus increasing the scope of dimensioning with 
regard to a maximally possible increase of the heating power 
and/or reducing the air-side pressure loss and/or the heat 
exchanger installation space while having the same heat 
exchanger efficiency and the same pressure loss as conven- 
tional heat exchangers, wherein the manufacturing advan- 

tages which are due to the principle used must be particularly 
emphasized. This concerns especially the omission of the 
lower water tank and the potential to successfully employ the 
technique according to invention also in plate-like heat 
exchangers. This enables the cost being further reduced espe- 
cially in the case of high quantities. Moreover, a further 
increase of the effective matrix volume and/or lowering of the 
air-side pressure loss are made possible. 

[0133] The inlet connection 511 and the outlet connection 
512 can be situated on the same side 600 of the connection 
water tank 501, and the flow crossover 513 of the partition 
plane 551 can be situated on the opposite side 601 of the 
connection water tank 501, especially close to that flat tube of 
the heat exchanger matrix which is furthest away from the 
inlet and outlet connections 511/512. 
[0134] Also this further development necessarily delivers 
again a coolant-side pressure loss which is somewhat higher 
than in a conventional four-stage heat exchanger providing a 
conventional water tank redirection across the entire width of 
the matrix, i. e. without a throttle and mixing position 513. 
[0135] It is particularly advantageous that the throttling of 
the heat exchanger coolant flow rate to the target coolant flow 
rate specific to the application is implemented by a panel or a 
flow crossover tube 513 between stage 2 and stage 3. This 
results in the benefit that the coolant prior to or during the 
transfer from the second to the third stage of the heat 
exchanger is not only slightly throttled in this cross-sectional 
constriction, but is necessarily also thoroughly mixed. As in 
the previously described further development, this measure 
for throttling and mixing between the second and the third 
stage has a particularly positive effect on the startup of the 
heat exchanger when the coolant is very cold and when the air 
admission is non-uniform. 
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[0136] As illustrated in the FIGS. 16, 17 and differently 
from the way usual today for minimizing the pressure loss in 
passenger vehicle heat exchangers, the cross over from stage 
2 to stage 3 does not take place across the entire width of the 
water tank, but at the time when the entire coolant volume 
flow for mixing thereof is passed to the water tank of the next 
stage through a common bore or common connection pas- 
sage. According to FIG. 16, the coolant supply takes place 
through the inlet 511, the first cross-flow stage being formed 
by the series of flat tubes 506 together with the individual 
passages 506a and 506b. The redirection towards the second 
counterflow stage takes place inside the double tube 506 by 
means of the cross over gap 506sp. This is implemented in the 
simplest way by a flat double tube 506 being formed by 
welding the separation seam 605nt close to the tube end. A 
short interruption of the welding seam of e. g. 10-15 mm 
length then forms the redirection of the flow from stage 1 to 
stage 2 or from stage 3 to stage 4 at each individual flat double 
tube. On the front side the double tubes 506 and 50S are 
closed by the cover plate 560. The cross over from the second 
to the third cross-flow stage takes place through the connec- 
tion opening 513 in which the coolant is necessarily mixed 
and thus thermally harmonized before the third stage. The 
mixing position 513 is preferably incorporated in the water 
tank 501. Here it is important that an extensive harmonization 
of the temperature of the coolant takes place before the third 
stage. Depending on the installation position and on the 
demand for venting, a small additional vent bore in the water 
tank partitions 550/552 guarantees safe operation. 

[0137] As in the further development according to the 
FIGS. 11-15, a flow crossover passage 513 is provided which 
can be formed in the simplest way by a panel bore 513 in the 
partition plate 551, which is incidentally referred to. The 
central separation plane 551 of the connection water tank 501 
can again include a panel-like flow crossover 513 between 
stage 2 and stage 3, in which the coolant that has been cooled 
in the first two stages is throttled and largely homogenized. 
The redirection between stage 1 and stage 2 as well as 
between stage 3 and stage 4 on the other coolant-side tube end 
of the heat exchanger matrix can take place without trans- 
verse mixing within the individual flat double tubes 506 and 
50S. 
[013S] Dueto the gooduniformdistribution of the flowand 
the temperature of the heat exchanger according to the inven- 

tion and due to the matrix volume gained by the omission of 
the redirection water tank, the possibility exists for further 
improving the efficiency of the heat exchanger and/or for 
providing additional construction space for maximizing the 
volume of the heat exchanger matrix. Further, the heat 
exchanger is particularly easy to manufacture. 

[0139] Particularly advantageous is the arrangement in 
which the heat exchanger is displaced parallel to the flat tubes 
of the heat exchanger during installation and de-installation. 
If the connection water tank 501 in the installed position 
closes the installation aperture for installation and de-instal- 
lation of the heat exchanger, particularly if it projects at least 
partly from the heating/air-conditioning device, the front side 
and the two lateral surfaces of the of the heat exchanger rest 
against the flow-determining inner walls of the heating/air- 
conditioning device and/or are sealed there against leak air 
passing past the heat exchanger matrix. With this arrange- 
ment the obstruction of the air flow is particularly little, i. e. 
due to the omission of the redirection water tank 500 and due 
to the arrangement of the connection water tank 501 largely 

outside the actual air flow path, the pressure loss is particu- 
larly small, so that the effective size of the heat exchanger 
matrix can become maximum. 

[0140] Instead of two flat double tubes also a plate con- 
struction of the flat tubes or of the entire heat exchanger can 
be selected at a correspondingly high quantity. In this case the 
flat tubes 506a, 506b, 50Sa and 50Sb for example having 
separation planes 506tn and 50Stn are formed by joining 
prefabricated plates, and the two flow crossover positions 
506sp and 50Ssp defining the four-stage configuration are 
formed by the separation planes 506tn and 50Stn including an 
interruption close to the ends of the flat tubes, for redirecting 
the flow for the subsequent counterflow stage. Corresponding 
to FIG. 16, the connection water tank can be formed by the 
individual flat tube passages being installed and sealed in a 
corresponding hole pattern of a water tank bottom, and the 
separation planes 550, 551 and 552 being formed by means of 
separation plates or separation walls and a water tank cover 
including the coolant connections 511 and 512. 
[0141] For this embodiment reference is made also to FIG. 
14 which correspondingly applies. 
[0142] The FIGS. 17, 1S show a further particularly advan- 

tageous embodiment in the form of a plate heat exchanger. In 
this case the connection water tank 501 is constituted by the 
individual flat tube passages being formed in such a way that 
joining the individual water-side heat exchanger plates forms 
the flat tube passages 506a, 506b, 50Sa, 50Sb with their flow 
crossover positions 506sp and 50Ssp at the time with the four 
collecting tubes 501a, 501b, 501c and 501d. The collecting 
tube 510a serves as connection for the coolant supply, the 
collecting tube 501d as a connection for the coolant dis- 
charge, and the flow crossover connection 513 takes over the 
throttling and extensive mixing of the coolant of the second 
counterflow stage, which has accumulated in the collecting 
tube 501b, before entering the collecting tube 501c of the 
third counterflow stage. In this case, too the coolant is inten- 

tionally collected and mixed between stage 2 and stage 3, 
before it flows into the third stage, thus guaranteeing a certain 
throttling and simultaneously a good uniform distribution of 
the temperature. 

[0143] FIG. 19 schematically shows a part of a heat 
exchanger in a perspective view (FIG. 19a), in a plan view 
(FIG. 19b) and in cross section (FIG. 19c) along line A-A. The 
coolant-side flat tubes 700, of which only sections are shown, 
include air-side heat exchanger fins 701 that can connect the 
flat tubes with each other through which coolant can flow in 
the direction of the arrow (black arrows). The flat tubes can 
run through the plates forming the fins. It will be understood 
that the fins can be formed and connected to the flat tubes also 
in a different manner. For instance, the fins can be formed 
according to a zigzag pattern, as indicated in the FIGS. 13, 15 
etc. The fins 701 have recesses 702 producing turbulences, 
said recesses being formed by notches 703 in the fins or sheet 
metal layers or in case also by recesses in the fins. The 
recesses of adjacent areas 705a, 705b can be pitched in a 
different direction with respect to the flow direction, as indi- 
cated in FIG. 19c. The fin spacing here is the distance of the 
sheet metal layers transversely or vertically to the air flow 
direction (open arrow). The empty intermediate spaces 706 
between the individual groups of heat exchanger tubes 707a, 
b are part of the matrix volume, which generally applies 
within the scope of the invention. 

[0144] It will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
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without departing from the broad inventive concept thereo f. It 
is understood, therefore, that this invention is not limited to 
the particular embodiments disclosed, but it is intended to 
cover modifications within the spirit and scope of the present 
invention as defined by the appended claims. 

I/we claim: 
1-32. (canceled) 
33. A high-performance heat exchanger for providing air- 

conditioning of a vehicle cab of a passenger car below 2000 
kg empty weight and installed within a vehicle platform in 
more than 50, 000 vehicles per year, said air conditioning 
being performed using exhaust heat of a liquid-cooled driving 
engine and/or its components or other heat sources of a cool- 
ing and/or heating circuit, wherein the heat exchanger 
includes a soldered heat transfer matrix comprising coolant- 
side flat tubes and air-side fins having a plurality of turbu- 
lence-producing recesses following each other in an air flow 
direction and capable o f being washed round from heating air, 
wherein a heat transfer matrix has a volume V matrix, a 
center-to-center spacing of air-side fins t fin and a center-to- 
center spacing of coolant flat tubes t tube, such that a specific 
heat exchanger volume V spec produced therefrom using the 
equation V spec=V matrix/(t tube+(4*t fin)) exceeds a 
lower limit value of 0. 140 m . 

34. The heat exchanger according to claim 33, wherein the 
volume of the heat exchanger matrix V matrix is at least 1. 41. 

35. The heat exchanger according to claim 33, wherein the 
center-to-center tube spacing t tube of parallel flown- 

through coolant-side flow passages is less than 7 mm and/or 
the center-to-center spacing of the parallel flown-through 
heat transfer fins is less than I mm and/or that the coolant-side 
flow passages are formed as flat tube-like passages having a 
passage height of less than I mm. 

36. The heat exchanger according to claim 33, wherein the 
heat exchanger has at least one stage comprising: 

a soldered heat exchanger fin-tube matrix in a cross-flow 
design having a matrix volume V matrix of the heat 
exchanger of totally more than 1. 4 I in a matrix design, 

flat tube-like heat exchanger passages for liquid coolant 
having a center-to-center flat tube spacing t tube of less 
than 7 mm, and 

air-side flow passages formed by surfaces of coolant-side 
heat exchanger passages facing away from the coolant 
and air-side metal fins soldered to them and having a 
plurality of turbulence-producing recesses of air-side 
heat transfer fins transversely to the air flow and a center- 
to-center fin spacing t fin of less 1. 3 mm. 

37. The heat exchanger according to claim 33, wherein the 
volume of the heat exchanger matrix V matrix is larger than 
1. 7 I, the center-to-center spacing of the air-side heat transfer 
fins t fin is smaller than 0. 8 mm, the center-to-center spacing 
of the parallel flown-through coolant-side flow passages 
t tube is 9-11 mm, and the coolant-side flow passages are 
formed as flat tube-like passages having a passage height of 
1-1. 5 mm. 

3S. The heat exchanger according to claim 33, wherein the 
flat tube center-to-center spacing t tube is less than 7 mm, and 
is adapted in such a manner that at an inlet temperature 
difference of 100' K. and at a mass air flow of 6 kg/min it 
exhibits a specific power of less than 7. 1 kW per liter of heat 
exchanger matrix volume. 

39. The heat exchanger according to claim 33, wherein the 
heat exchanger has a construction depth in an air flow direc- 
tion of more than 48 mm. 

40. The heat exchanger according to claim 33, wherein the 
heat exchanger has an isothermal pressure loss of more than 

200 Pa at 6 kg/min air of 25' C. and/or an isothermal coolant- 
side pressure loss of more than 40 mbar at a coolant flow rate 
of 5 I/min and at coolant temperature of 80' C. 

41. The heat exchanger according to claim 33, wherein the 
heat exchanger is adapted for or associated with a vehicle 
having a vehicle empty weight of ~1400 kg and has a flat 
tube-fin matrix volume V matrix of more than 1. 08 I, a cen- 
ter-to-center tube spacing t tube of less than 6. 5 mm as well 
as a center-to-center fin spacing t fin of less than 13 mm. 

42. The heat exchanger according to claim 33, wherein the 
heat exchanger is adapted for or associated with a vehicle 
having a vehicle empty weight of ~1400 kg and ~2000 kg 
and has a flat tube-fin matrix volume V matrix of more than 
1. 48 I, a center-to-center tube spacing t tube of less than 6. 5 
mm as well as a center-to-center fin spacing t fin of less than 
13 mm. 

43. The heat exchanger according to claim 33, wherein the 
heat exchanger is constructed from at least two cross-flow 
heat exchangers in a cross-counterflow design and means are 
provided for mixing and throttling the coolant by cross-sec- 
tional constrictions before or during cross over from one stage 
of the heat exchanger to the next. 

44. The heat exchanger according to claim 43, wherein as 
a mixing means between a first water tank and a water tank 
following the first water tank a partition having a bore inter- 
connecting the tanks or a common connection passage are 
provided, such that mixing takes place by passing at least 
more than 90% of coolant volume flow of the first water tank 
through the bore or the connection passage to the following 
water tank of the next stage. 

45. The heat exchanger according to claim 43, wherein the 
mixing means are provided only between a penultimate and 
an ultimate stage, such that mixing takes place only during 
flow crossover to the ultimate, coldest stage on the coolant 
stde. 

46. The heat exchanger according to claim 33, wherein the 
heat exchanger is constructed from precisely four cross-flow 
heat exchangers connected in series in a cross-counterflow 
and 

includes on a coolant-side tube end of the heat exchanger 
matrix a connection water tank (301) having an inlet 
connection (311) and an outlet connection (312) for the 
coolant, which is divided by two partition walls (350, 
352) for producing the cross-counterflow, and 

includes on the other coolant-side tube end of the heat 
exchanger matrix a redirection water tank (300) having 
precisely one partition wall (360) defining the four-stage 
configuration and wherein 

(I) the redirection water tank (300) has a coolant-side 
construction height hu which is less than 30% of the 
coolant-side construction height of the connection water 
tank (201) and/or 

(2) an additional central partition (351) of the connection 
water tank (301) comprises a panel-like flow crossover 
(313) between stage 2 and stage 3, in which the coolant 
that has been cooled in the first two stages is throttled 
and simultaneously largely homogenized. 

47. The heat exchanger according to claim 46, wherein the 
inlet connection (311) and outlet connection (312) are situ- 
ated on a same side (400) of the connection water tank (301), 
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and wherein the flow crossover (313) of the partition (351) is 
situated on an opposite side (401) of the connection water 
tank. 

4S. The heat exchanger according to claim 33, wherein the 
heat exchanger comprises a soldered heat transfer matrix 
comprising four coolant-side flat tubes, each having a flat 
tube passage (506a, b; 50Sa, b) and air-side fins having a plu- 
rality of turbulence-producing recesses following each other 
in an air flow direction, and wherein the heat exchanger: 

is constructed from precisely four cross-flow heat exchang- 
ers connected in series in a cross-counterflow, 

includes on a first coolant-side tube end of the heat 
exchanger matrix a connection water tank (501) having 
an inlet connection (511) and an outlet connection (512) 
for the coolant, which is divided by three partitions (550, 
551 and 552) for producing the cross-counterflow, 

includes on another coolant-side tube end of the heat 
exchanger matrix a coolant crossover gap (506sp) incor- 
porated into the coolant-side flat tube passages and 
defines the four-stage configuration, wherein a first 
crossover gap is provided between flat tubes of a first 
pair of adjacent flat tube passages (506a, 506b) and a 
further coolant crossover gap (50Ssp) is provided 
between a second pair of flat tube passages (50Sa, 50Sb), 
and 

a central partition plane (251) of the connection water tank 
(501) includes a panel-like flow crossover (513) 
between stage 2 and stage 3, such that coolant that has 
been cooled in the first two stages is throttled and at least 
substantially homogenized. 

49. The heat exchanger according to claim 4S, wherein the 
heat exchanger is constructed from flat double tubes (506) 
and (50S) having separation seams (506tn), and the two flow 
crossovers (506sp) and (50Ssp) of the individual flat tubes 
defining the four-stage configuration are formed by separa- 
tion seams (506tn) and (50Stn) including an interruption 
close to the flat tube ends, for redirecting flow for the follow- 
ing counterflow stage and/or wherein the flat tubes (506a, 
506b, 50Sa, 50Sb) have separation planes (506tn) and (50Stn) 
are formed by joining pre-formed plates, and the two flow 
crossovers (506sp) (50Ssp) defining the four-stage configu- 
ration are formed by the separation planes (506tn) and 
(50Stn) including an interruption close to the flat tube end, for 
redirecting flow for the following counterflow stage. 

50. The heat exchanger according to claim 49, wherein the 
connection water tank (501) is made up using individual flat 
tubes having flat tube passages in such a manner that the 
individual flat tube passages simultaneously form the flat tube 
passages (506a, 506b, 50Sa, 50Sb) together with the cross- 
over positions (506sp) and (50Ssp) and for collecting tubes 
(501a, 501b, 501c and 501d) that are each assigned to one 
counterflow stage, by joining individual water-side heat 
exchanger plates. 

51. The heat exchanger according to claim 50, wherein four 
collecting tubes are provided, a first collecting tube (501a) 
forming a connection for coolant supply, a fourth collecting 
tube (501d) forming a connection for coolant discharge, and 
the flow crossover connection (513) being adapted for throt- 
tling and further mixing coolant of a second counterflow stage 
collected in the collecting tube (501b) before entry into a third 
collecting tube (501c) of a third counterflow stage. 

52. A heating/air-conditioning device for providing air- 
conditioning of a vehicle cab of a passenger car having an 
empty weight below 2000 kg, the device being used within a 

vehicle plat form with more than 50, 000 vehicles per year and 
comprising a high-performance heat exchanger according to 
claim 33. 

53. The heating/air-conditioning device according to claim 
52, wherein front foot vents o f a vehicle cab o f a passenger car 
are assigned to the heating/air-conditioning device, which 
front foot vents conduct or are designed for conducting heated 
air to a foot space of the vehicle cab of a passenger car by the 
heating/air-conditioning device, and wherein the heating 
device comprises temperature control flaps, wherein the heat- 
ing/air-conditioning device comprises a heat exchanger 
exhibiting a specific heat exchanger volume V spec and the 
temperature control flaps of the heating device being 
designed with a tightness such that the heat exchanger 
achieves at an operating point, at which the air inlet tempera- 
ture (T „h. . . h „, „, ) is — 20', a coolant inlet tempera- 

flow is 5 kg/min and a coolant flow rate is 5 1/min and with an 
air mass flow delivered by it and its heating power being 
focused on the foot vents, an average air outlet temperature at 
front footvents (T „& „, , &, , ) whichis ashighatotal heat 
efficiency Phi obtained by the equation Phi=100*(T „& t 

) arr, heat exchanger, rnlet) ( coolant, heat exchanger, rnlet 
T „h. . . h „, „, ) exceeds a value of 85%, without air- 

54. The heating/air-conditioning device according to claim 
53, wherein the heating/air-conditioning device is so 
designed that the total heat efficiency Phi obtained by the 

= oo*( atr, foot vent, front) atr, heat exchan gerrnlet) 

( coolant, heat exchanger, rnlet arr, heat exchanger, rnlet) 
above 80% at operating temperatures of — 20' C. air inlet 
temperature and +50' C. coolant inlet temperature at a trav- 
elling speed profile according to MVEGA (Motor Vehicle 
Emission Group of Automobiles) in all travelling speeds 
including an idling speed, without air-side auxiliary heaters. 

55. The heating/air-conditioning device according to 
claims 52, wherein the device does not include any prepara- 
tory measures in a form of one or more features selected from 
a construction volume kept in readiness, fixing devices, elec- 
tric connections for an air-side PTC auxiliary heating, and 
air-side auxiliary heating devices. 

56. The heating/air-conditioning device according to claim 
52, wherein the device is designed in such a manner that it 
enables a main coolant flow for cooling a combustion engine 
in a first operation mode, in which exhaust heat delivered to 
the coolant is less than 5 kW, primarily flowing through the 
heat exchanger, and in a second mode of operation, in which 
the exhaust heat is comparatively high (in this case the 
exhaust would have to be more precisely defined, e. g. (1) 
"higher" than in the first operation mode or (2) higher than x 
kW or (3) by more than y kW higher than the exhaust heat 
delivered in the first mode of operation) and/or with coolant 
temperatures of 10K above an earliest opening temperature of 
a vehicle radiator branch settable in the vehicle or thermo- 
statically preset, said main coolant flow also flowing through 
a vehicle radiator and/or a radiator bypass, and that in the 
second operation mode in a speed range of the combustion 
engine close to an idling speed less than 2. 5 1 of coolant flow 
through the heat exchanger even at a high to maximum 
demand of cab heating. 

57. The heating/air-conditioning device according to claim 
52, wherein an air-side temperature control device having 
control flaps and servomotors for controlling the control flaps 
are provided, which are designed in such a manner that when 
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heating is fully open more than 95% of air supplied to the 
vehicle cab passing through the heat exchanger matrix. 

5S. The heating/air-conditioning device according to claim 
52, wherein the heating/air-conditioning device is assigned to 
or incorporated in a passenger car, wherein the device does 
not include an air-side auxiliary heater, and wherein the 
device is so designed that in a winter test constant ride at 

50 km/h in a gear stage automatically set by an automatic 
transmission or, in a manual transmission, in a highest 
gear allowing smooth travelling, 

— 20' C. ambient temperature and 
a setting of the heater to maximum heating 
a coolant temperature of 50' C. at a heat exchanger inlet 

and/or a coolant temperature of 40' C. at a heat 
exchanger outlet are not exceed in a period of first 30 
minutes of the constant ride. 

59. The heating/air-conditioning device according to claim 
5S, wherein the device is designed in such a manner that after 
a period of 15 minutes idling with the motor running and the 
vehicle stationary, which immediately follows the period of 
30 minutes constant ride, the coolant temperature at the heat 
exchanger outlet drops to temperatures below 25' C. 

60. The heating/air-conditioning device according to claim 
52, wherein the heating/air-conditioning device is dedicated 
to or installed in a Diesel engine passenger car, wherein the 
heating/air-conditioning device does not include an auxiliary 
heater, and wherein the heat exchanger is made up from at 
least two series-connected cross-flow heat exchangers having 
specific individual powers of 8. 0 kW per liter of heat 
exchanger matrix volume at a respective inlet temperature 
difference of 100 K and an air flow mass of 6 kg/min and a 
coolant flow rate of 10 1/min, said individual powers being 
reduced by a series connection to a specific power of less than 
7. 1 kW per liter of heat exchanger matrix volume at an inlet 

temperature difference of 100 K at the overall heat exchanger, 
6 kg/min air, and 10 1/min coolant. 

61. The heating/air-conditioning device according to claim 
52, wherein the the device comprises at least two cross-flow 
heat exchangers connected in series in a cross-counterflow, 
and wherein a valve is provided which opens automatically 
above a certain coolant pressure difference and which tem- 
porarily or completely bypasses one or more cross-flow heat 
exchanger stages at extremely low coolant temperatures 
lower than — 10' C. , so that only individual regions of the heat 
exchanger are fully flown-through. 

62. The heating/air-conditioning device according to claim 
52, wherein the device comprises at least two individual heat 
exchangers connected in series in a cross-counterflow, the at 
least two heat exchangers having substantially the same struc- 
ture and corresponding to each other at least substantially in 
all dimensions of the heat exchanger matrix and/or in dimen- 
sions of a water tank. 

63. The heating/air-conditioning device according to claim 
52, wherein the device is dedicated to or installed in a vehicle 
series comprising more than 50, 000 vehicles per year, and 
wherein in this vehicle series all motors include a bypass 
branch (6b) and motor cooling circuit with a thermostat 
designed in such a manner that the bypass branch (6b) at 
motor powers of ~50% of rated power and with the thermo- 
stat closed at least temporarily exhibits a coolant flow rate 
higher than a heating coolant flow rate. 

64. A vehicle platform comprising more than 50, 000 
vehicles per year, each vehicle having an empty weight below 
2000 kg, wherein each vehicles include at least one heat 
exchanger according to claim 33, each of said at least one heat 
exchanger being structurally identical within the vehicle 
platform. 
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