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(57) Abstract: The invention relates to a device for controlling the temperature of, particularly cooling, an LED lamp (40) or LED
modules (30, 41) of an LED lamp, wherein the device comprises a supply line (1, 21) for supplying a tluid and a plurality of heat
exchangers (5, 25, 31) that are connected to the supply line, wherein the plurality of LEDs (32) are arranged at each heat exchan-
ger and are coupled to the heat exchangers with respect to heat transter, and theretore the temperature ot the LED lamp (40) or of
the LED modules (30, 41) can be controlled, in particular it/they can be cooled, by the fluid, wherein the device comprises a re-
moval line (2, 22) for removing the fluid, wherein the supply line (1, 21) and the removal line (2, 22) are connected tluid-tightly
to one another by means of a respective L piece (4, 24) at one of the ends thereot and additionally by means of at least one T piece
(3, 23) m the supply line and at least one T piece in the removal line, and therefore the tluid flows spatially separate from the
LEDs, and theretore the supply line and the removal line have at least two fluid connections with respect to one another, arranged
in parallel, wherein the heat exchangers are arranged 1n the fluid connections or the heat exchangers are the fluid connections.

(57) Zusammenfassung:

[Fortsetzung auf der ndachsten Seite/
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Erklarungen gemall Regel 4.17: Verottentlicht:
—  Erfindererklarung (Regel 4.17 Ziffer iv) —  mit internationalem Recherchenbericht (Artikel 21 Absatz
3)

Die Erfindung betriftt Vorrichtung zum, msbesondere zum Kiihlen emer LED-Lampe (40) oder von LED -Modulen (30, 41) einer
LED-Lampe, wobel die Vorrichtung eine Zuleitung (1, 21) zum Zufiihren emnes Fluids und mehrere an der Zuleitung angeschlos-
sene Warmetauscher (5, 25, 31) umfasst, wobel an jedem Warmetauscher mehrere LEDs (32) angeordnet und in Bezug aut War -
meiibertragung an die Warmetauscher angekoppelt sind, so dass die LED-Lampe (40) oder die LED-Module (30, 41) durch das
Fluid temperierbar, insbesondere kiihlbar 1st oder sind, wobei die Vorrichtung eine Ableitung (2, 22) zum Ableiten des Fluids um-
fasst, wobel die Zuleitung (1, 21) und die Ableitung (2, 22) iiber je ein L-Stiick (4, 24) an einem 1hrer Enden und zusatzlich iiber
wenigstens em T-Stiick (3, 23) in der Zuleitung und wenigstens ein T-Stiick m der Ableitung tluiddicht mitemander verbunden
sind, so dass das Fluid von den LEDs raumlich getrennt tlielit und so dass die Zuleitung und die Ableitung zumindest zwei paral -
lel geschaltete Fluidverbindungen mitemander autweisen, wobel die Warmetauscher in den Fluidverbindungen angeordnet sind
oder die Warmetauscher die Fluidverbindungen sind.
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Cooling Device for Cylindrical, Coupleable LED Modules

Descri ption

The invention relates to a device for controlling the temperature, in particular for cooling, of an
LED lamp or LED modules of an LED lamp, wherein the device comprises a supply line for
feeding a fluid and multiple heat exchangers connected to the supply line, wherein multiple
LEDs are arranged on each heat exchanger and are coupled to the heat exchanger with respect
to heat transfer. so that the fluid can control the temperature, in particular cool, the LED lamp or
the LED modules. The invention also relates to a method for controlling the temperature, in par-

ticular cooling, of an LED lamp or at least two LED modules of an LED lamp, using such a de-

vice and to a method for curing of a light-cured pipe using such a device.

For light-cured pipe rehabilitation, mercury vapor discharge lamps have been used successfully
for approximately 20 years. These usually require no cooling. For the curing of pipe liners hav-
ing small pipe diameters in the range of household connections (DN 300 — DN 50, typically DN
160) there are significant restrictions for the traditionally used UV lamp technology (gas dis-
charge lamps) with respect to the achievable minimum dimensions (diameter and length) of the
lamps. The requirement of a mechanically robust holder and protective device for the bulb

lamps also involves disadvantages, because these protective elements cause shadows that are

significant, in particular for small pipe diameters.

For curing a light-cured pipe liner in the field of pipe rehabilitation, in particular in the range of

household connections for pipes having small diameters (less than or equal to DN 300), a com-

pact, powerful lamp is required that is cylindrical, if possible.

Due to their small geometrical dimensions and usually high optical outputs in the range of

100 W and their potentially good energy efficiency, light emitting diodes (LEDs) are suitable
radiation sources for realizing small, powerful special lamps for UV curing applications, in par-
ticular in the field of trenchless pipe rehabilitation. They allow the realization of compact, effi-
cient light sources, which can be adapted to the optical and geometrical requirements of the
materials to be cured. In addition, LEDs require no wait time for achieving their full operating
power, because they can be switched quickly (in the range of milliseconds or even shorter).
LEDs also emit in narrow spectral ranges with half value widths of typically 10-40 nm, so that no
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infrared radiation is emitted by UV-LEDs and blue LEDs. Therefore, thermal dissociation of the

polymers to be cross-linked can be avoided.

The combination of the usually minimal available space for the lamp of a curing device for pipe
rehabilitation and the required high power densities represents a great challenge for the struc-

ture and the function of a cooling body of such an LED lamp. This applies especially when sev-
eral of these LED lamps must be operated one after the other in a pipe and good movement

along curves in pipes having bends is desired.

The basic use of LEDs for pipe rehabilitation is described in WO 2005/103121 A1. The use of
LEDs for the UV curing of pipe liners is also described in the publications EP 1 959 183 A1,
JP 2008 175 381 (A), and WO 2008/101499 A1. LED curing systems for pipe rehabilitation are

described there.

These LED lamps, which have high power densities and are used as curing devices for pipe
rehabilitation, often require very efficient cooling that prevents a degraded function due to over-
heating of their components. Such narrow LED lamps, which have linear constructions and are
used, for example, in pipes or other environments that are tightly limited in terms of space, al-
ways have the problem that there is little space for additional parts used for cooling the LED
lamps or LED modules of the LED lamps. The same problem also occurs in narrow curing de-
vices, which have linear constructions and in which the parts must be heated in the narrow

space to an operating temperature in order to guarantee a reliable functioning of the parts, for

example LED lasers.

For a material to be cured by light-initiated polymerization, intensities from a few mW/cm? up to
a few 10 W/cm? are typically required, which explains the previously mentioned required optical
outputs of the LED lamps. Because the efficiency and the service life of LEDs (ratio of optical
output power and the electrical operating power) are inversely proportional to the operating

temperature of the LEDs, good cooling of the LEDs Is required.

To be able to control the temperature of, that is cool or heat, the parts, heat must be fed to the-
se parts or heat must be conducted away from these parts through the narrow, hose-shaped

construction. As the medium for transporting the heat energy, fluids, for example air or water,

are preferred.
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An operation of the heat exchangers or cooling bodies in series can be technically useful, be-
cause the supply and return of a cylindrical heat exchanger/cooling body can be easily attached
to opposite ends. The fluid/medium flows through the supply into the cooling body, flows
through this cooling body in the axial direction, and leaves the cooling body on the opposite end
through a return connection. The supply of the next cooling body in the series is then connected

to the return of the preceding cooling body and the series connection is realized in this way.

This connection, however, causes a disadvantageous, sequentially increasing advance temper-
ature of the heat exchangers/cooling bodies that carry a flow of the cooling medium downstream
and thus a lower efficiency and service life of these modules, in particular the final module that
has the highest operating temperature. Increasing the flow rate of the coolant is one possibility
for reducing this effect. However, this is also associated with an increased pressure drop whose
compensation requires either an increase in the operating pressure, which places a higher load
on the heat exchanger/cooling body, or an increase in the line cross section, which is often not

possible due to the tight space relationships and the higher resulting weight of the system.

From the publication WO 2008/101499 A1, a device according to the class for controlling the
temperature of an LED lamp having a linear construction or LED modules of an LED lamp is
known. In the interior, the device comprises a supply line in the form of a pipe, which carries a
flow of air, in order to cool LEDs arranged on the lateral surface of the pipe with the air flow. In
the supply line there are openings through which the air flow can escape outwards into a pipe to

be rehabilitated. A return line for returning the heated air flow is not provided.

Here, it is a disadvantage that a liquid fluid, such as water, cannot be used, because water, if it
came into contact with the LEDs on the outside, could destroy these parts. Liquid fluids, howev-
er, can absorb heat significantly more efficiently than gaseous fluids. The fluid also heats up as
it passes each device module, so that the temperature of the front LED modules is more strong-
ly controlled or cooled than the rear LED modules. This cooling system involves a serial connec-
tion of the heat exchangers arranged one after the other (serial flow of fluid cooling media). This

leads, for example, to service lives of different lengths for the LEDs in the different LED mod-

ules.

The object of the invention is to solve these problems. In particular, a uniform control of the

temperature of the LED lamp or the LED modules of an LED lamp should be achieved. It should



CA 02805029 2013-01-10

4

also be possible to use liquid fluids for the temperature control, without possibly damaging the
LEDs.

This task is achieved in that the device comprises a return line for returning the fluid, wherein
the supply line and the return line are each connected to each other in a fluid-tight manner by an
L-piece at one of their ends and also by at least one T-piece in the supply line and at least one
T-piece in the return line, or

the supply line and the return line are connected to each other in a fluid-tight manner by an L-
piece at the end of the supply line that is connected to a T-piece in the return line, and an L-
piece at the end of the return line that is connected to a T-piece in the supply line, or

the supply line and the return line are connected to each other in a fluid-tight manner by an L-
piece at the end of the supply line that is connected to a T-piece in the return line and an L-
piece at the end of the return line that is connected to a T-piece in the supply line, and also by at

least one T-piece in the supply line and at least one T-piece in the return line,

so that the fluid flows spatially separated from the LEDs and so that the supply line and the re-
turn line have at least two fluid connections connected in parallel to each other, wherein the

heat exchangers are arranged in the fluid connections or the heat exchangers are the fluid con-

nections.

Here, it can be provided that the heat exchangers connected in parallel can be shiftable, com-

pressible, and/or movable relative to each other.

It can be further provided that the device has a modular construction and comprises LED mod-
ules, wherein one LED module comprises two L-pieces and at least one LED module comprises

two T-pieces, or
two LED modules comprise an L-piece and one T-piece and/or at least one additional LED

module comprises two T-pieces,

and wherein the LED modules also comprise a fluid connection with a heat exchanger, wherein

the LED modules are connected to each other, in particular in a detachable manner, by supply

line parts and return line parts, so that additional LED modules can be easily replaced, re-

moved. and also installed.

Here, it can be provided that the supply line parts and return line parts, which connect the LED

modules to each other are flexible, expandable, and/or compressible, in particular are flexible
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plastic hoses and/or corrugated boots, preferably with springs, so that the device can be pulled

along an arc-shaped path in a pipe.

One improvement of the device provides that the LED modules are arranged in series one after

the other geometrically in a line.
It can also be provided that the return line is arranged parallel to the supply line.

It can be further provided that the fluid in the return line flows in the opposite direction of that In

the supply line.

It can also be provided that the device comprises the LED lamp or the LED modules.

Here. it can be further provided that the LED modules have the same construction, in particular

they are identical.

One improvement of the device provides that the LED lamp or the LED module is a curing de-

vice, in particular a light source for pipe rehabilitation, wherein the fluid does not come in contact

with the material to be cured.

It can also be provided that each LED module comprises at least one substrate having at least
one LED, preferably at least one high-power LED, which are arranged preferably in a ring-like
shape, such that the LEDs emit radiation outwardly, preferably in all directions of a plane per-

pendicular to the linear structure of the LED lamp or the LED modules.

Here, it can be provided that multiple LEDs are mounted as chip-on-board (COB) on a sub-

strate.

The use of chip-on-board (COB) technology allows the realization of high intensity light sources
having homogeneous emission patterns and having cylindrical geometry and having high optical
outputs in the range of a few watts to several 100 watts. Through the possibility to use LEDs

having higher powers, a quicker curing of the pipes to be cured, and thus an acceleration of the

curing process, is achieved.

One improvement of the invention provides that each LED module comprises one connection
unit on which supply lines are connected, which comprise the supply line, the return line, ana

electrical cables that are at least partially connected to the LEDs.
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Another construction according to the invention provides that each LED module is enclosed by a

housing, in particular a glass, stainless steel, or plastic housing.

Another alternative construction of the invention provides that the device comprises a supply

unit, which comprises a fluid regulator for controlling the flow rate and/or the temperature of the

fluid through the supply line and/or the return line.

Here, it can be provided that the supply unit comprises an LED controller for controlling the volt-

age applied to the LEDs.

In addition, it can be provided that the device and/or the LED modules comprise at least one

sensor, preferably a temperature sensor, an illumination strength sensor, a current sensor,

and/or a voltage sensor.

Here, it can be advantageous if the sensor or sensors are connected to the fluid regulator

and/or to the LED controller in the supply unit.

It can also be provided here that the electrical cables contact the supply line to at least one sen-

sor and/or a drive device and connect with the supply unit.

Another construction of the invention provides that each heat exchanger and/or each LED mod-

ule has a cylindrical or ring-shaped structure having a circular or polygonal cross section.

Here, it can be provided that at least two adjacent openings are provided for the supply and the
return of the fluid on the inside and/or the side surfaces of the heat exchanger, which are sepa-
rated from each other by a partition wall in the heat exchangers, such that the fluid flows

through the heat exchanger essentially within its entire extent.

Further, it can be provided here that the supply line and the return line extend through the open-

ing of the cylindrical or ring-shaped LED modules and/or the cylindrical or ring-shaped heat ex-

changers.

In general, it is advantageous for the devices according to the invention if the supply line parts

and return line parts, which connect the modules to each other, are flexible, in particular flexible

plastic hoses, so that the device can be pulled along an arc-shaped path in a pipe.



CA 02805029 2013-01-10

7

It can also be provided that, at the contact surfaces to the LEDs or to the substrate, the heat
exchangers are made at least in some areas from a material with good heat conducting proper-

ties, in particular from a metal, preferably copper, aluminum, brass, or steel, and/or from a ce-

ramic, preferably Al,O5; or AlIN.

One improvement of the invention provides that the fluid is a gas, in particular compressed air or

nitrogen, or a liquid, in particular water.

It can also be provided that each LED module is designed for an optical power between 1 watt

and 1000 watts.

It can be further provided that the LED lamp at least partially, in particular the LED modules, can
be cooled and/or heated by the fluid.

It can also be provided that the supply line, the return line, the T-pieces, the L-pieces, and the

heat exchangers are connected to each other in a fluid-tight manner.

One advantageous improvement provides that shutters are arranged or can be mounted in or

on the fluid connections.

It can also be provided that the cross section is adjusted to the fluid connections or shutters are

arranged in or on the fluid connections, such that all of the heat exchangers are flowed through
with a similar volume flow of the fluid, so that the volume flows through the heat exchangers

differ by a maximum factor of 3, preferably by a maximum factor of 2.

The object is also achieved by a method for controlling the temperature, in particular cooling, of
an LED lamp or at least two LED modules of an LED lamp using such a device, wherein a fluid
is fed through the supply line to the at least two heat exchangers, a heat transfer takes place
there with the LED lamp or the LED modules, and the fluid is then returned through the return

line.

Here, it can be provided that the fluid flows out of the return line into a supply unit, is cooled or

heated there. and is then fed back into the supply line, in order to regulate the temperature of
the fluid in the supply line, in particular as a function of the signals of at least one sensor, and/or

the flow rate of the fluid is regulated, in particular as a function of the signals of at least one

Sensor.
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In particular, the object is achieved for a method for curing a light-cured pipe, in that such a de-

vice for cooling a curing device, in particular a light source for pipe rehabilitation, is inserted into
the pipe together with the curing device, and then the pipe is cured by the light from the LEDs,
while the device and the curing device are moved through the pipe, and the curing device or the

LED modules of the curing device are cooled by the device, in particular using a method as al-

ready described.

Finally, it can be provided that the flow rate of the fluid, the temperature of the fluid, the radiant
power of the LEDs, and/or the velocity of the device in the pipe is controlled, in particular as a

function of the measured values of a sensor, in particular a temperature sensor, an illumination

strength sensor, a current sensor, and/or a voltage sensor.

The invention is thus based on the surprising finding that even heat exchangers arranged geo-
metrically in series can be connected in parallel in terms of the temperature-controlling fluid, and
therefore an equally strong temperature-controlling effect can be achieved at the different heat
exchangers. All of the device modules, which are connected to the heat exchangers, are cooled
or heated to an equally strong degree by this device. In this way, homogeneous temperature

conditions are achieved in the regions of the device to be controlled.

In contrast to the known series connection of cooling bodies/ heat exchangers for LED lamps for
pipe rehabilitation, the present invention solves the resulting problems by arranging the cylindri-
cal cooling bodies/heat exchangers geometrically in series, but connecting these parts In paral-
lel in the cooling circuit, wherein each of the individual cooling bodies carries a flow in the pe;
ripheral direction of the extent. This is achieved in that the supply line and the return line of the
cooling body/heat exchanger are arranged in the interior of the cylinder, and these are each
connected by a T-piece or an L-piece to a common supply line or common return line for all of
the cooling bodies/heat exchangers. These T-pieces and L-pieces can be realized either as
individual components, whose branch connections are each connected to the supply line or the
return line of the cooling body/heat exchanger. Likewise, its temperature distribution function

can be integrated directly in the cooling body/heat exchanger, so that the cooling body/heat ex-

changer has two feed connections and two return connections on each end.

The parallel connection (coupling) of the heat exchangers allows the same supply temperature
to the individual heat exchangers, even though these are arranged geometrically in series (for

example one after the other in a pipe). In a fitted system (line resistance, flow resistance of the
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heat exchangers and connection ports are customized), an equal volume flow can be set
through all of the heat exchangers, and thus the same temperature conditions can be realized

for all of the LED modules (for example the same cooling conditions for all of the LED modules).

Then, the heat exchanger of the LED lamp farthest away from a rear cooler also has the same
temperature as the closest, which is different from heat exchangers in a series connection.
Through the parallel connection, the same operating and output parameters that are dependent

on temperature: efficiency, service life, emission wavelength, and rated electrical input, can be

realized for all of the coupled LED modules.

In addition, a parallel connection causes a lower pressure drop in the overall system than a se-

ries connection. This is relevant, in particular, if the flow resistances in the lines are small com-

pared with those of the heat exchangers.

Another advantage is achieved in that the length of the individual LED modules can be reduced,

which improves the ability of the device to move along curved paths.

As a light source for pipe rehabilitation in the field of household connections, according to the
invention an LED lamp has been found that allows a homogeneous irradiation of the inner wall

of a pipe having small, round cross sections of approximately 15 cm and higher radiant powers

of several 100 mW/cm? up to a few W/cm?®. In addition, the LED lamp can be moved along

curved paths and pulled in 45° and 90° bends.

The necessary power density for the homogeneous illumination of the inner wall of pipes under
consideration of the small diameter and the required ability to move along curved paths is
achieved by over three-hundred LEDs on a cooling body acting as a heat exchanger having a

diameter of approximately half the pipe diameter (approximately 8 cm) and a length of approxi-

mately one fourth of the diameter (approximately 3.5 cm).

To achieve the required radiation dose for pulling speeds of a few centimeters to a few tens of

centimeters per minute (greater than 30 cm/min), the modules should be coupled to each other

as flexibly as possible.

The high optical outputs in the range of a few watts to several 100 watts associated with this

arrangement require compact and efficient cooling bodies, due to the necessary compact ar-
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rangement of the LED lamps and the typical efficiency of LEDs (typically in the range from 1%
to 50%, normally 10% to 30%).

Because LEDs are assembled on flat substrates, the substrates are arranged on an elongated,
possibly cylindrical body having polygonal cross section, preferably a triangular, quadrangular,

pentagonal, hexagonal, or octagonal cross section.

Because at most several LED modules are required for achieving the target dose, the LED

modules can be coupled flexibly one behind the other.

For maintaining the efficiency and for improved operation with additional temperature-
dependent parameters, a cooling system was developed, which allows the parallel operation of
LED modules located one behind the other. Here, the supply and return of each heat exchanger
is connected by a T-branch or an L-branch to a common supply line or common return line for

all of the heat exchangers, which lines are guided centrally through the heat exchangers.

Therefore, in a customized system, each heat exchanger can be operated at the same supply
temperature with a comparable cooling power or heating power, and thus an equal efficiency

and service life are maintained throughout the LED modules located spatially one after the oth-

er.

The individua! heat exchangers carry a flow preferably in the peripheral direction. The fluid,
which can be a gas, for example compressed air or nitrogen, for low power requirements, but is
otherwise a liquid, and for higher powers a medium having high heat capacity, for example wa-
ter, here flows close to the outer surface along the periphery of the heat exchanger, so that the
substrates having the LEDs are cooled effectively.

By the parallel connection of the heat exchangers arranged spatially one after the other, the flow
resistance of the fluid/cooling medium is also kept low in the system, so that, for the same vol-

ume flow of the fluid, supply lines having smaller diameters can be used than in a series tem-

perature-control system.

A series cooling system can indeed have a similar overall cooling power, but then there is a
higher temperature difference of the heat exchangers relative to each other. This is the case, In
particular, when the flow resistances of the heat exchanger are comparable or larger than those

of the lines that connect the heat exchangers to each other. In the reverse case, an adaption of
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the flow resistances to the individual heat exchangers for regulating a uniform volume flow can

be necessary, which can be realized, for example, by the use of shutters.

The integration of the connection function in the center of the heat exchangers also allows the

heat exchangers to have a short length, which improves the ability of the system to move along

a curved path.
A device according to the invention thus has a whole series of advantages.

A parallel connection for the supply of a cooling or heating medium to heat exchangers located
one after the other allows, in a customized system, the operation of all of the heat exchangers
under the same conditions, in particular at the same supply temperature and same volume flow
of the fluid through the individual heat exchangers. For the latter, in the case of small supply
lines and low flow resistances, measures could be required on the heat exchanger for adapting
the volume flow rates, for example the mentioned regulating shutters. This case, however, rep-
resents a limiting case that usually can be avoided. In contrast to a space-saving serial supply,
the more complicated parallel supply avoids a sequential rise or drop in the supply temperature
in the direction of the heat exchanger spatially farthest away from the supply to the system. This
property is relevant, in particular, for the cooling of LEDs that have strongly temperature-
dependent properties and whose efficiency, emission wavelength, service life, and operating

voltage can be adversely affected.

For the same line cross section, comparable connection technology, and identical heat ex-
changers, the flow resistance of the parallel system is lower than that of the series system. Ac-
cordingly, either for the same operating pressure, connection lines having smaller nominal
widths can be used for realizing the same volume flow, or for the same nominal widths, the con-
nection lines can achieve higher volume flows and thus better cooling or heating powers for the
same operating pressure. For adjusting the volume flows in the limiting case of high line re-

sistances and low flow resistances in the heat exchangers, the use of different shutters for ad-

justments is then also possible.

The heat exchangers can be constructed so that the fluid flows past in a circular flow and almost

covering the entire surface, close to the outer surface, so that efficient temperature control is

achieved.
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The line in the heat exchanger can be macroscopic or microscopic (for example micro-channel

cooling).

The possibility for increasing the efficiency of the cooling power can be used for increasing the
efficiency of the LED lamp and/or for increasing the optical output limit of the system, because

the LED parameters are dependent on the temperature.

By the paired switching of supply and return connections to the heat exchangers of every se-
cond LED module, the circulating direction of the fluid can be set in opposite directions from
module to module. Possible gradients that can appear in the heating of the cooling medium or in
the cooling of the heating medium between the supply and return and can cause, for example, a
gradient in the optical output of LEDs along the periphery of a cylindrical LED module, can be

distributed in an alternating pattern, so that possible effects of these gradients are lessened or

even prevented during pulling processes.

The arrangement of the connection elements in the interior of the cylindrical heat exchangers
makes possible a short length of the LED module and thus a better ability to move along curved

paths than if the connection elements were positioned on the ends of the heat exchangers.

Positioning the connection elements in the interior of the heat exchangers protects them from
mechanical effects that could cause leaks. The connection mechanism of the connections can
vary: T- or L-pieces connected by hoses and hose clamps, couplings that can be screwed on

with integrated T- and L-shaped features or coupling elements that can be plugged in.

The use of coupling elements that can be plugged in allows the construction of a modular LED
system, in which every module is replaceable, in which the supply media (current and cooling
medium) can be connected and disconnected by a locking or non-locking coupling mechanism
(possibly can be disconnected without dripping). The connection can be disconnected and con-
nected on both sides of the module, so that it is completely replaceable without having to disas-

semble the entire system in sequence (starting from one side).

Several LED modules can be coupled to each other by rigid or by elastic, expandable, and/or
compressible connections. A possibly smaller line diameter of the supply lines for the tempera-
ture control can have positive effects on the weight of the system and also on the flexibility of

the system (ability to move along curved paths).
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Several systems coupled spatially one behind the other can also be used for the uniform heat-
ing or uniform cooling of cylindrical bodies. Wherever the present text refers to a cooling circuit,
cooling output, cooling body, or cooling medium, according to the invention this could also be a
heating circuit, heating output, heating body, or heating medium, respectively. With a heating
circuit, pipes to be cured can also be cured thermally by contact heating or thermal radiation.
Likewise, components, for example lasers, can also be heated to a certain temperature, in order

to achieve a constant output and an exact wavelength in the temperature-controlled laser.

Embodiments of the invention are explained below with reference to five schematically repre-

sented drawings. Shown herein are:

Figure 1: a schematic view of a device according to the invention for controlling the temperature

of a device:

Figure 2: a schematic, perspective view of a heat exchanger of a module of a device according

to the invention;

Figure 3: a schematic, perspective view of a device according to the invention comprising four

heat exchangers according to Figure 2;

Figure 4: a schematic cross-sectional view of a device according to the invention having a plu-

rality of LEDs; and

Figure 5: a schematic representation of a device according to the invention having a device

whose temperature is to be controlled.

Figure 1 shows a schematic view of a device according to the invention for controlling the tem-
perature of an LED lamp or LED modules of an LED lamp and sketches a cooling or heating
circuit. The device comprises a supply line (1) and a return line (2) that are both divided into
different sub-areas. The supply line (1) and the return line (1, sic 2) are formed by pipes. Be-
tween each of the sub-areas of the supply line (1) and the return line (2) there are three T-
pieces (3). At the end of the supply line (1) and at the beginning of the return line (2) there IS an
L-piece (4). The T-pieces (3) and the L-pieces (4) are likewise formed by pipes. Between every
two adjacent T-pieces (3) of the supply line (1) and the return line (2) and the two L-pieces (4)

there are heat exchangers (5) that have tubular constructions.
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All of the pipe pieces (1, 2, 3, 4, 5), that is the supply line parts (1), the return line parts (2), the
T-pieces (3), the L-pieces (4), and the heat exchangers (5), can be connected to each other in a
fluid-tight manner by various methods. The pipes can be either connected rigidly to each other,
for example welded, connected to each other by press fittings, or the pipes can be connected to

each other in a detachable way, for example one inserted into the other or attached to each

other by coupling pieces or hose clamps or also flanged onto each other.

As the material from which the pipe pieces (1, 2, 3, 4, 5) can be produced, metals, ceramics, or

plastics can be used.

It is especially preferred that the supply line parts (1) and the return line parts (2) are made from
flexible hoses or corrugated boots, while the T-pieces (3) and the L-pieces (4) are made from a
rigid material, such as rigid plastic, a ceramic, or metal or a combination of these materials, ana

the heat exchangers are made from metal, preferably copper, and/or a ceramic having a high

heat conductivity value.

One of the modules of the device comprises the two L-pieces (4) and a heat exchanger (5). All
of the other modules of the device each comprise two T-pieces (3) and a heat exchanger (5). If
the modules are connected in a detachable way to the supply line parts (1) and the return line

parts (2), an additional module can easily be joined to another supply line part (1) and a return

line part (2).

The LED lamp to be temperature-controlled or the LED modules of the LED lamp to be tem-
perature-controlled can be connected to each heat exchanger (5), so that connections having
good heat conduction can be formed between the heat exchangers (5) and the LED lamp or the

LED modules. The outer dimensions of the heat exchangers (5) are adapted to the geometry of

the LED lamp or the LED modules.

The size of the device, in particular the size of the heat exchangers (5), the spacing of the T-
pieces (3) and L-pieces (4), and the diameters of the supply line parts (1) and the return line

parts (2) are adapted to the size of the LED lamp or the LED modules and to their purposes.

A fluid for controlling the temperature of the heat exchangers (5) and thus the LED lamp or the
LED modules is guided through the pipes (1, 2, 3, 4, 5) that are connected to each other in a

fluid-tight manner. The outlined arrows show the direction of flow of the fluid in the pipes (1, 2, 3,
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4. 5). This fluid is a gas, for example compressed air or nitrogen, or a liquid, for example water,

which transports the thermal energy away from the heat exchangers (5) or to the heat exchang-
ers (9).

The return line (2) can also lead away from the supply in the opposite direction. Then, the return
line (2) would be mounted reversed, that is the L-piece of the return line (2) would be mounted
on the first T-piece (in the direction of flow of the fluid) of the supply line (1) and the L-piece of
the supply line (1) would be mounted on the T-piece of the return line (2) that is connected, In
the embodiment shown in Figure 1, to the first T-piece of the supply line (1). The direction of

flow of the fluid would then no longer reverse from the supply line (1) to the return line (2).

Figure 2 shows a ring-shaped heat exchanger (15) having a cross section of a six-sided polygon
(hexagon). The heat exchanger (15) comprises two connection ports (16) through which the
fluid can be guided through the heat exchanger (15), as indicated by the outlined arrows. The
connection port (16) of the supply is located at the left, that of the return at the right. A partition-
ing wall in the form of a wedge (17) separates the supply from the return in the heat exchanger
(15). The fluid therefore flows around the axis of the heat exchanger (15) clockwise in a circular

motion, as indicated by the outlined arrows. The flow is close to the outer surface (18) of the

heat exchanger (15), whereby a good heat transfer is achieved.

The inner ring of the heat exchanger (15) offers sufficient space for connecting T-pieces or L-

pieces and for passing through cables and hoses (such as a supply line and a return line).

Figure 3 shows, in a perspective view, the schematic structure of an arrangement of four heat
exchangers (15) connected in such a way to form a device according to the invention, together
with the supply line (21) and the return line (22), as well as the T-pieces (23) and the two L-
pieces (24). The T-pieces (23) are arranged in the supply line (21) and the return line (22), while
the two L-pieces (24) are each arranged on one of the ends of the supply line (21) and the re-
turn line (22). The supply line (21) and the return line (22) are connected to each other in a fluid-

tight manner by the heat exchangers (15).

The two connection ports (16) are connected with T-pieces or L-pieces to the common supply
line (21) (supply) or return line (22) (return) of a temperature-control system, such that severai

such heat exchangers (15), which can be arranged spatially one behind the other, can be sup-

plied in paraliel.
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Figure 3 shows, as an example, the structure of a cooling system for a high-power LED lamp,
which is based on a parallel connection for the cooling medium supply and whose heat ex-
changers (15) or LED modules acting as cooling bodies are located one behind the other. Up to
the last cooling body (15) (top right at the edge of the figure), the supply lines (21) or return lines
(22) of the cooling bodies (15) are connected by T-pieces (23) to a common supply line (21) or
return line/supply line (22). The last cooling body (15) is connected to this supply line by L-
pieces (24). Such connectors (23, 24) can be individual connection elements, which are con-
nected, for example, by hoses and hose clamps to the cooling bodies (15). They could also be
pluggable couplings, which seal by O-rings, or else lines integrated directly in the cooling bodies
(15) with the same function, which are contacted from the ends (for example by plug-in con-

nectors). The common main lines (21, 22) can be rigid or flexible, for example polyamide hoses.

If LEDs (not shown) are mounted on the outer surfaces (18), a cylindrical LED lamp is then real-
ized with which, by suitable selection of the LEDs, a pipe can be cured or rehabilitated. The cur-

rent supply lines for the LEDs can also be guided through the ring opening of the heat exchang-
ers (15).

Each heat exchanger (15), which is equipped on all of its outer sides with LEDs, is then an LED

module. The coupling of the LED modules with cables for connecting the LED modules to a cur-

rent supply produces an LED lamp.

The LED lamp is then, in the sense of the present invention, for example, a light source for pipe

rehabilitation in the field of household connections.

Figure 4 shows an LED module (30) of such an LED lamp in a schematic cross-sectional view.
On an 8-sided cooling body (31) that here functions as a heat exchanger, a plurality of LEDs
(32) is mounted using chip-on-board technology (COB technology). Here, several LEDs (32) are
mounted on a substrate (33), wherein a substrate (33) is arranged on each of the eight sides of
the cooling body (31). The LED module (30) is surrounded with a circular housing (34) in the
form of protective glass, which is connected rigidly to the LEDs (32) or the cooling body (31).

The geometry of the LED module (30) is designed for a uniform illumination of a cylindrical hol-
low body, so that the inner walls of this hollow body are homogeneously irradiated by the LED
module (30), even if the hollow body has a slightly larger diameter than that of the LED module

(30). Such a light source is required, for example, in pipe rehabilitation. For applications having
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strict requirements for the optical output power, in which, due to the typical efficiencies of the
LEDs (32) in the range of 1% to 50%, considerable amounts of heat must be dissipated through

the cooling body (31), liquid cooling media are required as the fluid flowing through the cooling

bodies (31). In the present case, this flow is circular around the axis of the cooling body (31).

The circulating flow is close to the surface of the cooling body (31), so that the substrates (33)

mounted on this body can be cooled effectively.

The shown cross section thus shows the cross section of an LED module (30) of an LED lamp

comprising several LED modules (30) together with a heat exchanger module (31) of the cooling
device, that is an LED module (30) and a heat exchanger (31) in the sense of the present inven-
tion. The LED lamp can also comprise electrical connections (not shown), which are required for
operating the LEDs (32), and a controller (not shown), which supplies the LEDs (32) with power

and optionally controls the drive of the system. The device according to the invention can be just

the cooling system or also the cooling system together with the LED lamp.

Figure 5 shows schematically and as an example a modular LED structure. The shown LED
lamp (40) consists of four cylindrical LED modules (41), whose geometry is adapted to the pur-
pose of the application, having connection units (42) at which supply lines (43) are connected to
the LED modules (41). An LED module (41) comprises at least one substrate having one or
more LEDs that are mounted on a cooling body. As the cooling medium for cooling the LEDs,
gases or liquids are used. The cooling body can be produced in different ways (for example
milling, stamping, cutting, folding, eutectic bonding of metals, etc.). The LED modules (41) are

enclosed in a housing (glass cylinder, stainless steel or plastic housing, etc.).

Furthermore, sensors (not shown), such as temperature, illuminance, current, or voltage sen-
sors, can be integrated in the LED modules (41), wherein these sensors report the operating
status to a control and supply unit (44), allowing the operating conditions of the LED lamp (40)
to be adapted to the current state. The connection units (42) allow a modular expansion having
additional LED modules (41), as well as exchangeability for maintenance purposes. From the
viewpoint of the cooling circuit, the parallel supply of the LED modules (41) with the cooling me-
dium is advantageous, in particular also in the sense of expandability, because all cooling bod-
ies are always supplied with the same advance temperature. The LED modules (41) can be

coupled by rigid or flexible connection elements, so that they are arranged in series with each

other either rigidly or flexibly (by a protective hose, metal springs, corrugated boots, or the like).
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In this way, the LED lamp (40) can be pulled along an arc-shaped path in a pipe. A flexible or
rigid supply line (43) connects the LED modules (41) to the control and supply unit (44), which

includes the electrical supply and the supply with the cooling medium, as well as a control and

regulation unit for the targeted control of relevant operating parameters.

The devices according to the invention are particularly suitable for use in pipe rehabilitation In
the field of household connections (DN50-DN300, typically DN120-DN160). In addition, in this
field, the use of the technology is also conceivable for larger pipe diameters, because the sys-
tem allows high outputs and the geometric size can be scaled up. Other fields of application
could also be down pipes for rain gutters, chimneys, or the like. An LED lamp could also be de-
veloped to rehabilitate side connections that are sealed by the light curing of so-called (liner)

caps. Other applications are also conceivable, for example, the illumination of tubular spaces or

hollow bodies.

The possibility of realizing a correspondingly constructed heating system is also possible. With
this heating system, flexibly coupled heating elements (heating medium flowing through heating
bodies) can heat the walls of cylindrical bodies. This can be realized either through radiant flux

(thermal radiation) or through direct thermal conduction between the heating bodies and cylin-

drical bodies where they are in contact.

The features of the invention disclosed in the preceding description, as well as in the claims,
figures, and embodiments, can also be essential either alone or in any arbitrary combination for

the realization of the invention in its various constructions.
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List of reference symbols

1, 21
2, 22
3, 23
4, 24
5, 15
16
17
18
30, 41
31
32
33
34
40
42
43
44

Supply line

Return line

T-pilece

L-plece

Heat exchanger / cooling body / heating body
Connection port
Wedge

Quter surface

LED module

Cooling body

LED

Substrate

Housing

LED lamp

Connection unit
Supply line

Control and supply unit
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS.

1. An LED lamp having a device for cooling LED modules of the LED lamp, the cooling
device compriging LED modules, at least ona LED module having a heat exchanger, a supply
line for feeding a fluid and multiple heat exchangers connected to the supply line, muitiple LEDs

aranged on and coupled to each heat exchanger with regard to heat transfer, so that the fluid
cools the LED module, and a return line for returning the fluid, wherein the supply line and the

return line are connected to each other in a fluid-tight manner by one of the following
combinations:

by an L-piece at one of their ends and by at least one T-plece in the supply line and by
at least one T-piece in tha return line, or

by an L-piece at one end of the supply line connected to a T-piece in the return line and

by an L-piece at one end of the return line connectad to a T-piece In the supply line, or
by an L-piace at one end of the supply line connected to a T-piece in the return line, by

an L-piece at one end of the return line connected to a T-piece in the supply ling, and by at least
one other T-piece in the supply line and at least one other T-piece in the return line,

such that the fluid flows in a spatially separated way from the LEDs, and the supply line
and the raturn line have at least two fluid connections connected in parallel to each other,
wherein the heat axchangers are arranged in the fluid connections or the heat exchangers are
the fluid connections,

wherein the heat exchangers connected in parallel are shiftable, compressible, and/or
movable relative to each other, and

wherein the LED modules are coupled by flexible connection elements, such that the
LED modules are flexibly arranged in series with one ancther, so that the LED lamp can be

pulled along an arc-shaped path in a pipe.

2. The LED lamp according to claim 1, wherein

the device has a modular construction and comprises LED modules, wherein one LED
module comprises two L-pieces and at least one LED module comprises two T-pleces, or

two LED modules comprise one L-piece and one T-piace and/or at least one additional

LED module comprises two T-pieces,
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and wherein the LED modules also comprise a fluid connection to a heat exchanger,
wherein the LED modules are detachably connected to each other by supply line parts and
return line parts, such that additional LED modules can be easily exchanged, removed, and

installed.

3. The LED lamp according to claim 2, wherein the supply line parts and return line parts,
which connect the LED modules to each other, are flexible, expandable, and/or compressible.

4 The LED lamp according to claim 1, wherein the LED modules are arranged in series
one after another geomaetrically in a line.

5. The LED lamp according to claim 1, wherein the return line is arranged paraliei to the
supply line.
B. The LED lamp according to claim 1, wherein the fluid in the raturn line flows in an

opposite direction to the fluid in the supply line.

7. The LED Jamp according to claim 1, wherein the LED lamp is a curing device for pipes,
wherein the fluid does not come In contact with the material to be cured.

8. The LED lamp according to claim 1, wherein each LED module comprises at [east one
substrate having at least one LED, optionally at least one high-power LED, arranged in a ring

gshape, such that tha LEDs emit radlation outwardly in all direction of a plane perpendicular to

the linear structure of the LED lamp or the LED modules.

9. The LED lamp according to claim 8, wherein multiple LEDs are mounted on a substrate
as a chip-on-board (COB).

10.  The LED lamp according to claim 1, wherein the device comprises a supply unit

comprising a fluid regulator for controlling flow rate and/or temperature of the fluid through the

supply line and/or the return line.
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11.  The LED lamp according to claim 1, wherein the supply unit comprises an LED controller

far controlling a voltage applied to the LEDs.

12.  The LED lamp according to claim 1, wherein the device and/or the LED modules
comprise at least one sensor selected from a temperature sensor, an illuminance sensor, a

current sensor, and a voltage sensoar.

13.  The LED lamp according to claim 1, wherein each heat exchanger and/or each LED
module has a cylindrical or ring-shaped structure having a circular or polygonal cross section.

14.  The LED lamp according to claim 13, whersin at least two adjacent openings are
provided for supply and return of the fluid to an insidé and/or to side surfaces of the heat

exchangers, which are separated from each other by a partition wall in the heat exchangers,
such that the fluid flows through the heat exchangers essentially in thelr total extent.

15.  The LED lamp according to claim 14, wherein the supply line and the return line extend
through the opening of the cylindrical or ring-shaped LED modules and/or the cylindrical or ring-

shaped heat exchangers.

16. The LED lamp according to claim 1, wherein the heat exchangers are at least partially
made of a metal, selected from copper, aluminum, brass, and steel, and/or from a ceramic
selected from Al,O, or AIN, at contact surfaces to the LEDs.

17.  The LED lamp according to claim 1, wharein the fluid is a gas selected from compressed

air or nitrogen, or a liquid comprising water.

18.  The LED lamp according to ¢laim 1, wherain a cross section of the fluid connectiong is
adjusted, such that all of the heat exchangers carry a similar volume flow of the fluid, so that the
volume flows through the heat exchangers differ maximally by a factor of two to three.

19. A methad for cooling an LED lamp according to claim 1, the method comprising feeding
a fluid through the supply line to at least two heat exchangers, carrying out heat transfer with the

LED modules, and returning the fluid through the return line.
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20.  The method according to claim 19, further comprising flowing the fluid from the return
line into a supply unit, cooling the fluid in the supply unit, and feeding the cooled fluid back into
the supply line, in order to control a temperature of the fluid in the supply line.

21. A method for curing a light-cured pipe using an LED lamp according to clam 1 as a

curing device, the method comprising inserting the LED lamp into the pipe and curing the pipe
by light from the LEDs, while the curing device is moved through the pipe and the LED modules
of the curing davice are cooled by the cooling device.
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