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Abstract

Aim of this work is the utilization of thermographic methods to analyse quantitatively the thermal
behaviour of a rectangular channel cold-plate cooled by a forced flow of air. The infrared
thermography is used to measure the case temperature of the electronic components in order to
evaluate the local total thermal resistance of the component-cold plate system and the temperature
increase on the unpowered components caused by powered components placed near-by (thermal
mutual effects between the components). A method based on the superposition principle is also
proposed to calculate the mutual thermal effects between the components.

NOMENCLATURE

Rt Total Thermal Resistance [K/W] Tad Adiabatic temperature [°C]

P Heat power [W] Tair Inlet air temperature [°C]

Te Casetemperature [°C] 9(,j) Dimensionless adiabatic temperature

1. Introduction

The thermal control of power electronic devices and components is a very important area
of research; the specific thermal fluxes involved by these elements is ranging from 40 to 70
W/cm? so very efficient cooling system is required to ensure proper operating junction
temperature of the components.

Extruded heat sinks are normally used in standard electronic applications but owing to
the limits of the extrusion technology it is impossible to realize heat transfer areas with very
large fins density; brazed cold plate heat sinks seem to be better in order to overcome
these limits.

Especially in television broadcasting the cooling systems based on the cold plates couid
solve the thermal problems caused by MOS linear power transistors used in VHF and UHF
transmitters and transposers.

In these applications, as in other power devices, the thermal sources are non uniformly
distributed on the heat sink so it is very important to evaluate the local thermal resistance of
the system in order to establish the criteria for the components assembling; at the same
time is also important to determine the thermal influence between the electronic
components during the work. N

As matter of fact the thermal performances of the heat sink are normally evaluated using
uniform heat flux or uniform constant temperature boundary conditions so that the thermal
resistance values are not applicable to the case of cold plates for electronic power
applications with distributed heat sources.

A more detailed thermal analysis of the system involves an evaluation of the components
case temperature for single powered condition to study the dependence of the thermal
resistance on the cold plate components position; in order to determine the thermal
influence between the components it is also necessary a thermal mapping of the system
when more than one component is electrically supplied simultaneausly.

For these applications the infrared thermography may be a very effective method to
measure at the same time the temperature distribution on the components-cold plate
system, especially for the non intrusive aspect of the tecnique. Moreover only a little amount
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of thermographic observations is requested to define the local thermal resistance and the
mutual influence between the components. While several studies of the mutual influence
effects between different heated sources are reported in literature for the direct contact
forced air cooling of electronic components placed in channels {1,2], only a few papers are
conceming the study of finned heat sinks operating in forced convection with localized heat
fluxes boundary conditions, [3,4]. So that the correlations obtained for finned compact
exchangers [5] are normally used to design cold plate heat sinks.

This work aims at studying the quantitative application of IR thermography to determine
the thermofluidynamic performances of a tin brazed rectangular channeled cold plate,
forced air cooled, which is used for the thermal control of a power transmitter for
broadcasting television [6].

2. Experimental Apparatus

The experimental set-up consists of a small wind tunnel to perform controlled fluid
dynamic conditions at inlet. The cold plate is 150 mm. long and 500 mm. wide on the plan,
inside shows 200 rectangular channels, 2 mm. wide and 40 mm. high. It is made in
aluminium with copper cladding.

Nine power electronic resistors are placed on the extemnal surface of the cold plate to
realize localized heat fluxes boundary conditions (figuret). The resistors can be separately
fed by a multiple outputs feeder either one by one or simuitaneously.

The air flow rate is evaluated by a Pitot Static Tube inserted in a suction circular duct;
many radial profiles of the velocity are measured to find a relation between the central
position velocity and mean velocity [7] and the probe errors are evaluated by using standard
correlations {8]. :

The monitoring system allows to measure the pressure losses through the cold plate and
the thermalt distribution on the components plan; three thermographic apparatus have been
used during the research: an AGA-870 SW, an AGA-880 LW and, finally, a Thermovision
900 System based on LW detector.

3. Results

The experimental pressure losses through the cold plate have been compared with the
correlations existing in literature [6,9] for a rectangular channels assembly. The comparison
shows a very good agreement between the data [7,10}.

The thermal analysis of the cold plate has been divided in two different steps:

- acomparison between the thermal resistance of the system for one-by-one powered
resistors boundary condition and for uniform heat flux boundary condition

- a study of the components mutual thermal influence performed by using the technique of

the effects superposition.

The first step of analysis, concerning the case of one-by-one powered resistors, reported
in [10], shows a little dependence of the component total thermal resistance on the air fiow
rate and heat power values. This behaviour is connected with the thermal seif-adjustment
phenomenon of the components itself: as a matter of fact, at low flow rates, when the
values of the convective heat transfer coefficient in the channels are smaller, the conductive
diffusion on the surface of the cold plate plays a significant role, so that a wider area is
working to dissipate the heat load.

When the flow rate rises, the system thermal behaviour shows a conductive diffusion on
a reduced area but the cold plate works at higher values of the convective coefficient. The
combined counteracting effects of the two phenomena help to keep total thermal resistance
constant.

The total thermal resistance of the cold plate-system component is defined as

R ()= 20 1)
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The second step of the thermal analysis is concemed on the evaluation of the thermal
influence between the components; in fact, when a single component is supplied, the case
temperature of the near-by components is aiso increased owing to the thermal diffusion
effects. The value of the temperature increase depends on the number and position of the
supplied components. The temperature achieved by a component when its power is
switched off is defined the adiabatic temperature of the component [1,11] that in
dimensionless formulation is:

T O) =T _ Toa ()= Tor
D e T~ Ren) PO) @

where j-index is referred to the unpowered component and i-index to the powered one; so
Tad(j) is the temperature achieved by the j-th unpowered when only the i-th component is
switched on.

When many components are assembled on the cold plate surfaces is difficult to evaluate
the dependence of the mutual thermal effects on the different parameters occuring in the
problem and many experimental investigations are required to define a correlation between
them.

A parameters reduction may be possible by applying the principle of effects
superposition. In fact the temperature increase on a component switched-off, induced by
the powered components placed near-by, could be evaluated as the sum of the increases
caused by supplying one-by-one the powered components.

In this case the adiabatic temperature of the component may be write as:

Ta () — Ty = 119G, J)- Rige ) - PGG) Jor i j ()

where 8(i,j) and Ruu(i) may be measured by infrared thermography.

Many experimental tests have been conducted on the adiabatic temperature of the
components for one-by-one heating condition; in this manner 3(,j) and R(i) for the nine
resistors have been determined.

As an example figure 2 shows the dimensionless adiabatic temperature, 9(,j), of the
component R6 measured by IR thermography when the components R1, R2 and R3 are
feeded one-by-one by a power of 80W per component. The figure shows a decrease of
3(i,j) when the air flow rate increases because of the reduction of the mutual influence due
to the thermal self-adjustment of the heated component.

Successively for more-than-one heated component condition the adiabatic temperature
of the components have been measured. Finally in order to verify the validity of the effects
of superposition, when applied at this case, the adiabatic temperatures obtained with this
heating condition has been compared with the values achieved by superimposing the
results for the one-by-one heating conditions.

The comparisons are reported in terms of the percentage change of the adiabatic
temperature, defined as:

Tod () =~ Tairdexp = 21190, 1) - Ry (8) - Pi)

% change =100 - -
Toa () — Toir)exp

Jorizj 4)

Figure 3 shows the percentage error on R6 for different combinations of heating; the
results, reported for the case of heating equal to 80W per component, show an error
ranging from -5+15%. Similar results have been obtained for larger thermal powers.

A different behaviour has been observed for a power supply of less than SOW- per
component, figure 4. Due to the small adiabatic temperature values, the errors involved with
thermographc measurements are much higher than in the previous case, especially at high
air flow rates.
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4. Conclusions

The thermal performance evaluation of cold plate heat sinks is very difficult in the case of
localized heat sources because of the mutual influence effects between the different
components.

A new characterization method is proposed which is based on the measure of the
adiabatic temperature of each component by quantitative IR thermography and on the
technique of the effects of superposition.

The experimental results show the applicability of this technique thanks to the weak
dependence of the local thermal resistance on the air flow rate and the component power
supply.

Furthermore the obtained results show that experimental errors less than 15% occur by
using the new characterization method in the case of power supply values usually utilized in
power electronic devices.

For lower values of the electrical power the errors are strongly higher.
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Fig. 1. Cold Plate-electronic components assembling
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Fig. 2. Typical behaviour of 3(i,j) versus air flow rate
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Fig. 3. Percentage error of the adiabatic temperature of R6 for a power supply of 80W per component
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Fig. 4. Percentage error of the adiabatic temperature of R6 for a power supply of 50W per component
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