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Abstract 
 
 As a contribution to the development of the thermal management of the 
cooling of electronic , we present here the cartographies of the thermal field during 
the real functioning conditions of a main printed wiring board of a PC. We present 
also the method of evaluation of the convective heat transfer coefficient between one 
component (i.e. the main microprocessor) and an air flow in the direction parallel to 
the printed board. This method consists of analysing the transient temperature of the 
component, assuming one dimensional conduction in the wall, after a sudden supply 
of luminous energy by two lamps. Results for three cooling situations are presented.  
 
1. Introduction  
 
 As the electronic industry tends towards microprocessors and integrated 
circuits to be faster and smaller, the heat flux that must be extracted becomes higher. 
Thus, the electronic cooling becomes more than ever a critical task to develop faster 
and miniaturized electronic components. To cope with the increase of cooling 
requirements, several theoretical and experimental studies have been carried out to 
understand convective heat transfer in micro sized systems. Because of the high 
heat capacity and thermal conductivity of liquids, many studies have been focused on 
single - phase flow of liquid or on phase change from liquid state to vapour state. Due 
to the advantages of the maintenance facility and of the relatively low cost in cooling 
with airflow, considerable attention has been given to thermal control and 
management techniques with gaseous flow. Various studies in both liquid and 
gaseous flows in microscale heat transfer are summarized in [1]. 

By considering that the air-cooling is still the most useful technique in power 
electronic used in personal computer which commercialised nowadays, and probably 
in the next decennia, it is very important to develop strategies for finding the optimal 
cooling systems with air and design configurations. The increase of the heat transfer 
quantities extracted from the integrated circuits and the microprocessors can be 
obtained by several ways: optimisation of the location and the direction of the cooling 
fans, suitable choice of the geometry and the material of the heat sink and of the heat 
spreader, typical arrangement of the air-cooled modules on the printed wiring board 
[2, 3]. 

As contribution to the development of the cooling techniques, we are 
interested in investigating the situations where the control of the structure of the flows 
in the box which contains the electronic cards would create augmentation of the heat 
flux extracted by the air flow. The objective is to give minimum changes on the 
commercially available electronic board. In order to improve the cooling efficiency by 
the control of the flow structure, it would be interesting to create, with the need of flow 
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disturbers, of some zones with artificial turbulence and acceleration of the air flow. 
One way to obtain this is the implementation on the electronic cards or in the PC box 
of deflectors, which allow guiding the flow to the regions where a supplementary 
cooling is necessary (i.e. around the microprocessor package). The ideal situation is 
that deflectors create turbulence of the flow with minimum increase in the pressure 
drop. To study the efficiency of such management it is important, as a first step, to 
develop a reference test. This test should give the reference database for the 
comparison of the results of the management solutions. For these reasons, we 
present here, the measurement results of the thermal field on a main electronic 
printed circuit board used in a personal computer during its real functioning 
conditions. In addition, we give a method for the measurement of the heat transfer 
coefficient between the microprocessor package and the air flow supplied by the fan.  
 
2. Experimental set-up  
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Fig. 1. Experimental set-up 
 
 We realised an experimental set-up schematised on Figure 1 for the 
measurement, by an infrared camera, of both temporal and spatial evolution of the 
temperature on the front surface of a main printed wiring board. Firstly, the personal 
computer was dismantled and all their components (drivers, electronic cards, 
alimentation box…) are given out of its box. The main board (1) was maintained 
vertically at the outlet of a rectangular channel with 300x250 cross flow section (2). 
The airflow, generated by a double aspiration fan (3), was directed via a flow calming 
section in the channel with 700 mm in straight length. This channel allows having the 
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airflow to be parallel to the main board and covering the entire of its width. An AC 
converter voltage (4) controls the fan. The flow velocity associated with each voltage 
used in the tests was preliminary measured by a propeller anemometer on the outlet 
section of the channel. Several flow calming sections were also previously tested in 
order to give maximum uniformity of the flow velocity at the outlet of the channel.  

 The thermal cartographies were obtained by a short-wave (3.4 – 5 µm) 
infrared camera (5) with Stirling cycle cooling (FLIR, SC1000). The camera has a 
matrix with 256x256 active PtSi/CMOS elements. For recording the infrared video, 
the camera was connected to the digital interface box (6). A cable lies the interface 
box to a break out box, from which a second cable is connected to the PCMCIA card 
interface mounted on a station (7). A software allows recording by the station of the 
infrared images with 50 Hz sample rate. The details of the temperature field around 

one selected component may be given by a 100 µm macro-objective.  
 In usual functioning of personal computers, the integrated circuit don't work 
with the same clock frequency, they depend on the needs of executed programs. So, 
the quantity of heat that must be dissipated is not constant in time. In order to test 
different cooling configurations of electronic components in the same working 
conditions, one measurement protocol was defined. It consisted of starting the 
personal computer and executing, in continuous loop, a simple computational 
program. Therefore, each electronic component dissipates a specific constant value 
of energy, and the steady state heat transfer with the air flow would be reached.  
 For the evaluation of the global (convective and radiation) heat transfer 
coefficient, we used a transient non-destructive method called pulsed photothermal 
radiometry method. When the steady-state heat exchange between the electronic 
components and the air flow is reached, a sudden supply of the luminous energy with 
fixed duration on the front face of the board was given by two halogen lamps (8). The 
analysis of the induced temperature elevation allows the calculation of the heat 
transfer coefficient between the air flow and the surface of each component. This is 
possible by the use of conduction model in the solid with a third-kind boundary 
condition at the interface. Two halogen lamps placed facing the main printed board, 
at the distance of 800 mm, generate the finite duration excitations. The pulse 
duration, controlled by an electronic timer (9), can be fixed in the range 0.05 to 100 
seconds with an accuracy of 0.01 second. On the back face of each lamp, a 400 mm 
length aluminium reflector permits to direct the energy uniformly on the surface of the 
main board. After the extinction of the lamps they are covered by a wood sheet, at 
the ambient temperature Tamb, in order to eliminate the thermal radiation from the 
lamps (still hot) on the electronic board during its cooling by air.  
 
3. Temperature field  
 
 In the original configuration of the main printed wiring board, heat is spread 
from the microprocessor through an aluminium heat sink. An axial fan allows the 
cooling of the heat sink by air in forced convection. Figure 2 represents the infrared 
photography of the original main board 20 minutes after starting the dismountable 
"personal computer". Axial fan, different diodes and capacitors, Integrated Power 
Electronic Modules (IPEM) which are the most heated components, are well 
distinguishable on this IR image. It was noticed that the temperature level was about 
80°C on some components and around the microprocessor package. The former is 
not viewable because it is upon the heat sink, which is itself upon the axial fan.  
 Several IR images taken at different times during the functioning needed us to 
select 5 plane zones on the board where the temperature variation was high. These 
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zones are indicated on the photography of the main board, taken after removing the 
axial fan with the heat sink from the microprocessor package (Figure 3). 
 

 

 
Fig. 2. Infrared photography of the main board in real situation with heat sink and 

axial fan on the microprocessor  
 
 
 
 As mentioned above, an experimental procedure with three air velocity were 
defined:  

1/ t = 0 second: starting working the main board with flow velocity 11 72 −= sm.U air  

2/ t = 1800 s, first change of the air velocity to 12 65 −= sm.U air  

3/ t = 3000 s, second change of the air velocity to 13 11 −= smU air  
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Fig. 3. Photography of the main board with the different zones 
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Fig. 4. Thermograms of the 5 zones on the main board 
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 The evolutions of the temperature at the 5 zones Z1, Z2,…Z5 are plotted 
versus the time on the figure 4. It is noticed that, for each zone, the temperature 

growth in time and reach the first steady state corresponding to 11 72 −= sm.U air . This 

state was reached faster for Z1 to Z4 than for Z5 which corresponds to a plane 
surface of the plastic frame. In addition, the temperature level diminished from Z1 to 
Z5. Indeed, the frame contains only very thin wiring connections between the 
components, so it is not heated and its thermal inertia is greater than those of the 
IPEM. In contrary, zones 1 to 4 correspond to IPEM with different level heating. 

When the flow velocity changed to 12 65 −= sm.U air  the temperatures of all the zones 

decreased and reached the second steady state level. The third steady state is 
obtained after the change of the air flow generated by the double aspiration fan to 

13 11 −= smU air .  

 Infrared photography of the main board at a time t = 2500 s is given on the 
Figure 5. The temperature variation on the most heated element (microprocessor 
package) is well shown. This variation is due to the air flow generated by the fan from 
down side to the upper one of the main board. So the influence of the convective 
cooling on the variation of the temperature in the direction of the flow is evident. 
 

 

   
 

Fig. 5. Infrared photography of the main board without heat sink and axial fan on the 
microprocessor  
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4. Evaluation of the heat transfer coefficient 
 
 In general, the evaluation of the convective heat transfer coefficient between 
the solid surface and the flow needs the installation of the flux and temperature 
sensors on the surface of the wall. The presence of these sensors generates, often, 
considerable disturbances on the heat transfer at the interfaces. This is why the use 
of a measurement technique without contact, as the photothermal radiometry 
method, has undeniable advantages. Being able to be employed in-situ, this 
technique consists in depositing energy on the front face of the wall, and recording 
the surface temperature by the infrared camera. This procedure is based on the flash 
method that was firstly introduced by Parker and al. [4] for the measurement of 
thermophysical properties of materials, such as the thermal diffusivity [5]. It was then 
extended to evaluate the heat transfer coefficients on different types of wall subjected 
to a convective heat exchange [6 - 10].  
 By examination of the transient temperature of the conduction model in the 
solid with third kind boundary condition, the heat transfer coefficient between the 
surface and the fluid may be evaluated if it is assumed to be constant in time. In 
other words, if one admits the assumption that the heat flux density remains linearly 
dependent of the surface temperature during the transient state. In previous papers 
[9, 10], we studied the influence of the pulse duration on the results of evaluation 
model with this assumption. The results given by the model were compared to those 
of a second model with heat transfer coefficient dependent of time, and with the 
measurement results by a multi-layered flux sensor in typical situations. Semi-infinite 
medium and isothermal thin wall had been studied, and several identification 
methods had been tested. It had been showed that the constant heat transfer 
coefficient assumption is debatable if the quantity of energy sent over the wall during 
the pulse affects considerably the boundary layer. The error induced may be of some 
tens per cent if the pulse duration is greater much than the time of the propagation of 
the thermal wave in the solid.  
 In actual study, the package of the microprocessor is thick about E = 4 mm 
and made of Epoxy moulded. From the database materiel web site their thermal 

properties are estimated to: λ = 0.4 W m
-1 

K
-1

, for the conductivity and a = 1,6 10
-7

 m
2 

s
-1

 for the diffusivity. It is 54 mm large and 52 mm wide.  
 Due to the small thickness compared to the two others dimensions, the 

microprocessor can be assumed as a wall. The Biot number 
λ

=
hE

Bi  varies from 0.1 

to 1 if one considers that the heat transfer coefficient varies from h = 10 to 100 W m
-2 

K
-1 

in air-flow. Hence, the one dimensional conduction model in the wall can be used. 
The propagation time of the heat wave in the wall thickness is about 10 seconds, so 
the assumption that h remains constant in time is available from dirac excitation (very 
short pulse) to pulse duration less than 10 seconds.  
 The rise in temperature of the wall with finite thickness (E) due to a brief 
thermal perturbation (Dirac) on its front face, verify the linear model [10, 11] 
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where W is the energy density delivered by the halogen lamps, h is the global heat 

transfer coefficient, δ(t) is the Dirac impulsion and initialT)t,y(T)t,y( −=θ  is the 

temperature elevation. By the Laplace Transform method, it was demonstrated that 
the temperature field in the packaging material is given by [10, 11] 
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The expression of the temperature on the front face of the wall is:  
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which can be arranged as: 
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where nU  is the nth-root of the transcendental equation Bi)U(tgU nn = . 

 The application of Duhamel’s theorem by [10, 11] gives the response for a τ-

duration pulse with the heat flux density ϕ: 
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 The identification of the heat transfer coefficient was based on the use of the 
partial temporal moment of the surface temperature. The analytical expression of the 
partial zero-order temporal moment of the surface temperature for a Dirac excitation 
is: 
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 By the same way, the zero-order temporal moment of the surface temperature 

due to a τ-duration pulse had been calculated. The temporal moment represents the 
total heat energy extracted by the air flow from the wall during the experiment time 
observation t. The calculation of m0 (t) for several Bi number showed that when the 
pulse duration is less than the tenth of the observation time t, the temporal moment 

for Dirac excitation and τ-duration excitation are quite different. In our experiment, a 3 
second pulse was used. So, we identified the heat transfer coefficient by the use of 
0-order temporal moment of the thermogram on 30 seconds or more. Therefore, the 
temporal moment expression given in Eq (6) for Dirac excitation had been used for 
the identification. 
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 In practical way, for each experimental thermogram, given in figure 5, the 
temporal moment was calculated by numerical integration. The heat transfer 
coefficient was identified by searching, by dichotomy, the value of Bi number which 
give the same theoretical temporal moment (Eq.4).  
 The identified global heat transfer coefficients are:  

* 121 38 −−= KmWh  for 11 72 −= sm.U air  

* 122 56 −−= KmWh  for 12 65 −= sm.U air  

* 123 98 −−= KmWh  for 13 11 −= smU air  

 
 The total heat coefficient h was assumed to be the sum of an hc coefficient 
(convection losses) and an hr coefficient (radiation losses). By using the linearization 
of the radiative heat transfer, the hr coefficient was calculated by: 

 [ ][ ]ambambr TTTTh ++σε= 22  (7) 

 

where: ε is the emissivity of the black paint (Nextel) deposed on the boarding card  

(ε = 0.95) and σ is the Stephan-Boltzmann constant.  
 Application of Eq. (7) showed that the hr coefficient is practically constant in  

for the three thermograms and has an average value: 127 −−= KmWhr . Thus, the 

convective heat transfer coefficient could be obtained by: rc hhh −= .The hc values 

calculated are: 

* 121 30 −−= KmWhc  for 11 72 −= sm.U air  

* 122 49 −−= KmWhc  for 12 65 −= sm.U air  

* 123 91 −−= KmWhc  for 13 11 −= smU air  

 The results are of the same order of the known values of the heat transfer 
coefficient with air-forced convection on flat plate. They show the variation of the 
efficiency of the cooling by increasing the air velocity. A comparison with the results 
available in the literature is impossible here since the former were established under 
conditions different from ours and for well defined flows. Which is not the case here, 
where we seek to evaluate the heat transfer coefficient between the finite thickness 
wall and the air flow of unknown nature (laminar, turbulent, flow parallel to solid, with 
singularity…).  
 
5. Conclusion 
 
 Cartographies of the thermal field during the real functioning conditions of a 
main printed wiring board of a PC are given. We have shown the possibility to 
evaluate the heat transfer coefficient from one electronic power module by the pulsed 
photothermal method. The results given constitute the reference data for the study 
the heat convective improvement in the thermal management of the air-cooling 
systems used in electronic.  
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Fig. 5. Responses to 3 seconds pulsed excitation with 3 flow velocities 
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