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Heat Transfer in Spray Cooling 
  
One of the heat transfer modes with high heat transfer 
coefficient is spray cooling. Spray cooling has many 
applications in the industry, such as cooling of electronic 
components or quenching of metallic products. The spray 
can be either a single phase liquid jet or mixed and atomized 
with air. In this article, we present some of the work done by 
researchers in this area.
In two-phase cooling using liquid sprays, one must ensure 
that the steam film does not form on the surface. This point 
is called the Leidenfrost point. Above the Leidenfrost, the 
steam film creates a barrier between direct liquid contact 
and the surface, hence reducing the heat transfer. Below 
this point, the steam film breaks down and heat transfer 
greatly increases. The Liedenforst point depends on the 
fluid properties and flow condition, body geometry, surface 
roughness and the material itself[1].
The other cooling method is evaporation cooling using 
atomized sprays. In this case, the quantity of water must 
be limited to the amount that, when the droplets hit the 
surface, it completely evaporates and does not cause water 
film, as in spray cooling [1]. Generally, the heat transfer from 
spraying depends on factors such as impingement density, 
drop diameter, drop velocity, surface temperature and the 
distance between nozzle and the surface.
Puschmann et al. [1] conducted an experiment that 
provided useful information for the heat transfer on very hot 
surfaces, such as in quenching processes. Figure 1 shows 
the schematic of the experimental set up for impinging of 
water and water mixture. A 2D phase Doppler anemometer 
(PDA)was used to measure the velocity of the jet, and an IR 
camera was used to measure the surface temperature of the 
plate that is being heated by passing a current through it.

In order to measure the density of the spray, they used a 
device called patternator, as shown in Figure 2. In this 
device, a collection of tubes with a diameter of 10 mm are 
placed under the jet. By collecting the water in a certain time, 
the water jet density can be easily obtained.

Figure 1. Spray Impingement Schematic [1]

Figure 2. Schematic of Patternator [1]
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Figure 3 shows the distribution of water/air mixture density 
as a function of air pressure and for different tubes. As can 
be seen, the density is highest at the center of the spray. The 
density also decreases with increasing pressure.

The heat transfer coefficient of the cooling was determined 
by measuring the surface temperature of the plate. Prior to 
cooling by the spray, the surface emissivity and convection 
cooling was determined as a function of temperature. The 
spray cooling is then the total cooling minus the convective 
and radiation cooling. The dynamic measurement of 
temperature as a function of time results in a heat transfer 
coefficient calculation corrected for radiation and convection. 
The resolution of the IR camera was 0.2 mm/pixel. Figure 
4 shows the IR image of the plate at an instance. It can be 
seen that the central portion is much cooler than the sides 
where the impact is perpendicular to the plate.

Figure 5 shows the cooling of the surface as a function of 
time for three different flow rates of 5.7 kg/h, 9.9 kg/h and 
13.1 kg/h for three different time steps. The measured 
temperature was for a point at the center of the plate. It can 
be observed that temperature drops faster as the flow rate 
increases.

Figure 6 shows the heat transfer coefficient as a function of 
surface temperature for three different flows. It is evident that 
heat transfer coefficient increases with increase of the water 
flow rate. It also increases as the surface temperature drops.

FEBRUARY 2011 |Qpedia

Figure 3. Spray Density As A Function Of Pressure [1]

Figure 4. IR Temperature Image Of The Heated Plate [1]

Figure 5. Temperature Drop As A Function Of Time For Three 
Different Flows [1]

Figure 6. Heat Transfer Coefficient As A Function Of Surface 
Temperature For 3 Different Flows [1]
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In another study, Bonner et al. [2] conducted experiments 
on a single phase spray impinged at an angle on a silicon 
chip. Figure 7 shows the schematics of such an experiment. 
The silicon chip has two large embedded resistive heaters, 
four micro heaters for peak heat fluxes and 29 RTDs.

Three different fluids were tested. Water was sprayed at 
a rate of 1000 mL/min through a 0.020” diameter nozzle 
at a temperature of 26.7 oC. A heat flux of 42 W/cm2 was 
applied to the chip uniformly. Methanol was sprayed at 
a flow rate of 1250 mL/min at -31.6 oC. HFE-7000 was 
delivered at a flow rate of 1300 mL/min at -29.7 oC. The 
heat flux applied to the chip for the last two cases was 14 
W/cm2. The three sprays were impinged on the surface at 
an angle of 20o.
In order to find a correlation for the angled spray, Bonner 
et al. [2] combined Martin[3] correlation for impingement of 
vertical jets and used the angled correction of Tawfek[4].

The Martin correlation is as follows:

Where, 

Pr = Prandtl number 
L = Length of the plate (m) 
H = distance of the nozzle form plate (m) 
D = hydraulic diameter of the nozzle (m)
Re = Reynolds number of the jet

A modified version of this Nusselt number for angled spray 
is as follows:

Where α is the angle between the jet and the plate. The local 
variation of the Nusselt number and heat transfer coefficient 
was derived by differentiating the average Nusselt number 
with respect to L.

Figure 8 shows the heat transfer coefficient for water spray. 
It can be seen that at the impact zone, the heat transfer 
coefficient is about 75000 W/m2oC and drops to 10000 W/
m2oC at the end of the plate. This is due to the build up of 
the boundary layer hence reducing the heat transfer. There 
is also a good prediction between the experiment and the 
correlation. There is about 25% over prediction in some 
regions.

Figure 7. Schematic Of Spray Impingement At An Angle 
To A Plate [2]

(1)

(3)

(2)

(4)

http://www.arlon-std.com
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Figure 9 shows the data for methanol. It can be seen that the 
heat transfer coefficient drops from 35000 W/m2oC to about 
5000 W/m2oC at the end of the plate. There is also a 50% 
discrepancy between the model and the experimental data.

Figure 10 shows the heat transfer coefficients for HFE-
7000. Even though at the stagnation point the heat transfer 
coefficient starts at a lower rate compared to ethanol, but 
at the end of the plate the two are almost the same. This is 
attributed to the fact that ethanol has higher viscosity leading 
to momentum loss as the flow proceeds downstream. 
HFE-7000 is preferred to methanol due to its nontoxicity 
characteristics.

Even though the spray cooling is attractive in terms of its high 
heat transfer removal and possible direct impingement on 
the device without any interface in between, there remains 
many challenges to address. How environmentally friendly 
is the fluid, its erosion impact on the devices and filtering 
scheme to remove the heavy particles from impinging 
on components are factors that have to be considered in 
designing systems with spray cooling.

References:
1.	Puschmann,	F.,	Specht,	E.,	Schmidt,	J.	“Measurement	
of	 spray	 cooling	 heat	 transfer	 using	 an	 infrared	 –
technique	 in	 combination	 with	 the	 phase-doppler	
technique	 and	 a	 patternator”,	 Otto-Von_Guericke-
University	Magdeburg,	 Institute	of	Fluid	Dynamics	and	
Thermodynamics
2.	Bonner,	R.,	Wadel,	R.,	Popov,	G.,	“Local	heat	transfer	
coefficient	 measurement	 of	 flat	 angled	 sprays	 using	
thermal	test	vehicle”	IEEE	SEMI-THERM	2008
3.	Martin,	H.,	“Heat	and	mass	transfer	between	impinging	
gas	jets	and	solid	surfaces”,	Adv.	In	Heat	Transfer,	13,	
pp.	1-60,	1977.
4.	 Tawfwek,	 A.,	 “Heat	 transfer	 studies	 of	 the	 oblique	
impingement	of	round	jets	upon	a	curved	surface”,	Heat	
and	Mass	Transfer,	38,	pp.	467-475,	2002.
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Figure 8. Local Heat Transfer Coefficient Of Water Spray At 
An Angle [2]

Figure 10. Local Heat Transfer Coefficient Of HFE-7000 Spray 
At An Angle [2]

Figure 9. Local Heat Transfer Coefficient Of Methanol Spray At 
An Angle [2]
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Jet impingement is an attractive cooling mechanism, due 
to the capability of achieving high heat transfer rates. This 
cooling method has been used in a wide range of industrial 
applications, such as annealing of metals, cooling of gas 
turbine blades, cooling in grinding processes [1] and 
cooling of photovoltaic cells [2]. Over the past 15 years, 
jet impingement has been explored as a cooling option 
in microelectronics [3]. There are also new applications 
emerging where the thermal load is in the range of 300 – 
1000 W/cm2, such as high power lasers and X-band radar 
modules [4]. This article will discuss the use of single- phase 
jet impingement using multiple micro jets.

1.	Single	Phase	Jet	Impingement	Fundamentals

Single-phase jet impingement is where the jet impinging 
on the surface does not undergo any change in phase. 
The high velocity of the impinging jet on the impingement 
surface causes very high local heat transfer coefficients. The 
impingement effect is localised to the area under the jet. The 
jets can be characterized by the manner in which it impinges 
on the surface. A fluid jet issuing into a region containing the 
same fluid is characterised as a submerged jet while a fluid 
jet issuing into a different, less dense, fluid is characterised 
as a free-surface jet. An impinging jet is said to be confined 
or semi-confined, if the radial spread is confined in a narrow 
channel, usually between the impingement surface and the 
orifice plate.

2.	Single	Phase	Jet	Impingement	Using	Multiple	Jets

In single phase jet impingement, the relationship between the 
Nusselt number and the heat transfer coefficients and their 
major parameters are shown in equations (1) and (2). The 
equations show that for an increasing Reynolds number and 
velocity, the Nussuelt number and heat transfer coefficient 
increases, respectively. Also shown is that for a decreasing 
jet diameter, the heat transfer coefficient increases. It is 
therefore implied that when the jet diameter decreases, 
more heat can be extracted at a decreased temperature 
difference between the impinging fluid and the impingement 
surface than before. Standard micro- fabrication techniques 
can be used to produce orifices and slots in the range of 
100’s of microns, which can result in very high heat transfer 
coefficients [4].

Figure 1. Different Jet Impingement Configurations: (A) Free- 
Surface Jet, (B) Submerged Jet, (C) Confined Submerged Jet. [4]
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Not shown in equation (2), is that the high heat transfer 
coefficients have a very localised effect. This can be seen 
in Figure 2. For a jet Reynolds number of 105, the Nusselt 
number at dimensionless radius, r/Di, of ~1 is around 650. 
In this equation r is the distance from centre and D is the 
nozzle diameter. For a r/Di value of ~7.5, the Nusselt number 
has decreased to 200.

As an example of decreasing the jet diameter on the effective 
radius, consider the following data point in Figure 2: r/Di = 5, 
Re = 105 and Nusselt number is around 250. If the jet has a 
diameter of 1 mm, then the effective radius, r, will be 5 mm. 
If the diameter is decreased to 0.5 mm, then the radius is 2.5 
mm. If it is decreased further to 0.3 mm, then the effective 
radius is 1.5 mm.

The major challenge in using micro-impingement is 
replicating the performance of an isolated jet/slot over a 
large array of jets/slots [4]. Two issues must be addressed 
here. First, fluid management at the inlet of the jet/slot 
array, to ensure that the incoming flow is distributed evenly 
between the jets/slots. Second, fluid management, to ensure 
that the impinging streams do not interfere with each other 
as they are directed to the outlet of the cooling device. The 
aforementioned is illustrated in Figure 3. Of these, the latter 
is a more formidable challenge that requires innovative 
approaches. Failure to address these issues can easily 
eliminate advantages of impingement cooling. An example 
of a microjet impingement array is shown in Figure 4.

Figure 2. Local Nusselt Number Decays Rapidly Outside The 
Stagnation Zone Of A Jet [5]

FEBRUARY 2011 |Qpedia

(1)

(2)

Figure 4. Side Cut View Of A Micro Jet Array (A). With Flow 
Illustrated In (B). Top View Of A Micro Jet Array. (C) Showing The 

Main Jet Holes And The Smaller Return Flow Holes [4].

Figure 3: An Illustration Of The Flow Interference Of 
Multiple Jets[4].

(b)

(c)
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A method to decreasing the interference on the impinging 
jet by the return flow is to place the return port next to 
the impinging jet. The return flow then flows in a separate 
duct, as shown in Figure 4 (b). Figure 5 shows the results 
of computational fluid dynamics (CFD) simulation, which 
illustrated that there is intensive mixing of the impinging 
and return jet. Figure 6 shows that there is a high heat flux 
removal under both the impinging jet and the return hole.

For high heat flux applications, jet impingement is one of the 
best methods of heat removal. New innovative techniques, 
combined with jet impingement, enable one to remove 
heat fluxes in excess of those that could be removed by 
conventional techniques.
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Effect of Enhanced Structures   
on Water Boiling at sub-Atmospheric Pressure

Heat pipes and vapor chambers are devices with very high 
thermal conductance. The idea of heat pipe was first proposed 
by Gaugler [1]. However, the remarkable properties of heat 
pipe were realized by scientists and engineers only after its 
invention by Grover [2, 3] in the early 1960s. At the beginning, 
heat pipes were applied exclusively on aerospace projects. 
Now, heat pipes and vapor chambers are widely used in 
thermal management applications for electronic devices, 
leading to advancements in manufacturing technology and 
reductions in price.
Heat pipes are liquid cooling devices which utilize both 
boiling and condensation to maximize their heat transfer 
ability. They have vacuum vessels with a wick structure 
lining the inside walls. The inside of the vessels is saturated 
with working fluid. As heat is applied at one side, the fluid at 
that location reaches its boiling temperature and vaporizes. 
The vapor then travels to the cold side of the vessel and 
condenses to liquid. In the process of condensation, it 
releases its latent heat. The condensed fluid returns to 
the heat source via gravity or capillary action, ready to 
vaporize again and repeat the cycle. By using boiling and 
condensation, the heat pipe can transfer heat from one side 
to another side with minimum temperature gradient. Vapor 
chambers are flat heat pipes working on mechanics, which 
is similar to heat pipes. They are mainly used to spread the 
heat and even the device temperature.
Due to water’s large liquid-vapor, latent heat and good 
physical properties, it is an ideal working fluid for heat pipes 
and vapor chambers working on temperatures between 30-
200 oC. However, most electronic devices require their heat 
sinks to maintain their junction temperature at less than 125 
oC. To achieve that, the device’s case temperature must be 
much lower than 100 oC. If the heat pipes or vapor chambers 
are used to cool the devices, their hot side temperature has 
to be much less than 100 oC. That means the boiling inside 
them has to happen at atemperature below 100 oC.

Figure 1 shows the relationship between boiling temperature 
and water pressure. To design heat pipes that can work on 
temperatures below 100 oC, the charging pressure for water 
in a heat pipe must be sub-atmospheric. For example, if the 
boiling process inside a heat pipe is designed to initialize at 
temperature of 35 oC, the pressure inside the heat pipe has 
to be 0.056 Bar at room temperature.

The water boiling on a plain surface at atmospheric 
pressure and sub-atmospheric pressure had been studied 
thoroughly for the bubble nucleation process, critical heat 
flux, incipient superheat, wall surface temperature and 
the effects of reduced pressures. This paper will focus on 
the recent research studies of enhanced boiling of water 
under sub-atmospheric pressure. Because heat pipes 
and vapor chambers have a wick structure on their inside 
wall, their structure is more suitable for enhanced boiling. 
Pal and Joshi [4] used a thermosyphon loop to investigate 
the effects of sub- atmospheric pressure and enhanced 
structure on boiling of water inside a vessel. A schematic 
of their experimental setup is shown in Figure 2. A detailed 

Figure 1. Water Boiling Temperature vs. Pressure
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schematic of the evaporator assembly is illustrated in 
Figure 3. The evaporator assembly and the condenser were 
connected to each other through flexible copper tubing. 
De-ionized water was used as a working fluid in their test. 
The temperature and pressure of the vapor and liquid were 
monitored at various locations, as shown in Figures 2 and 3.

The evaporator was an annular cylindrical chamber, 65 mm 
in height and 38 mm in inner diameter, made of translucent 
polycarbonate. The plain evaporator is a 12.7 × 12.7 mm 
test section on top of a copper rod. The enhanced copper 
structures have single and multiple layers. Each layer was 
fabricated using the wire EDM (electro discharge machining) 
method and has a footprint of 12.7 × 12.7 mm. The individual 
copper layers were stacked on the square surface of the 
plain evaporator with a layer of 63Pb-37Sn ribbon-solder 
in between them, see Figure 4. The stacked structure was 
bonded to the copper block by soldering at temperature 
greater than 200oC. In their study, four different geometries 
of the structure, 1-layer, 2-layers, 4-layers and 6-layers, 
were studied.

Figure 2. Schematic of Experimental Setup [4]

Figure 3. Schematic of Evaporator Assembly [4]

Figure 4. Schematic of Multilayer Enhanced Structure [4]

Figure 5. Water Boiling Curve of Plain Surface [4]
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The boiling of a plain surface at sub-atmospheric pressures 
served as baseline for other cases. The measured boiling 
curve at sub-atmospheric pressure for a plain surface is 
shown in Figure 5. Boiling under low pressure generates a 
low saturation temperature inside the evaporator chamber. 
The maximum wall temperature recorded for the pressures 
of 9.7, 15 and 21 kPa were 68oC, 76oC and 83oC. This is 
useful for electronics cooling applications, as very low 
surface temperature can be obtained in these conditions. 
At the same time, for the same wall superheat (Tw-Tsat), the 
boiling process at lower pressure tended to transfer less 
heat flux. This means that the heat transfer ability of water 
decreases with the reduction of pressure for the same wall 
superheat.
Figure 6 shows the comparison of the boiling curve of 
a 1-layer enhancement structure and a plain surface at 
different pressures. It clearly shows that 1-layer enhanced 
structure has a much higher heat flux than the plain surface 
at the same wall superheat.

Figure 6. Comparison of Boiling Curve of 1-Layer Enhancement 
Structure and Plain Surface [4]

Figure 7. Comparison of Boiling Curve of 2-Layer Enhancement 
Structure and Plain Surface [4]

Figure 8. Comparison of Boiling Curve of 4-Layer Enhancement 
Structure and Plain Surface [4]
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Figures 7 and 8 show the boiling curves for 2-layer and 
4-layer enhanced structure, respectively. The multilayer 
structures clearly have advantages over plain surface in 
removing heat flux. The increase in wall heat flux is most 
obvious at lower pressure and the difference is reduced 
when pressure increases.
Table 1 shows the maximum heat flux measured and their 
corresponding wall temperature for different structure and 
pressure for plain surface and enhanced structures. The 
heat transfer ability of enhancement structures is much 
larger than plain surface as shown in Table 1.

Sloan et al. [5] conducted boiling tests at reduced pressures 
by using different enhancement structures. Figure 9 shows 
the test section Sloan et al. used to conduct the study. The 
test section includes 4 parts: (1) 4 cm2 test surface and 0.125 
μm thick copper foil lamination sub-layer; (2) a copper heat 
flux gage with thermocouples; (3) a copper heater block with 
cartridge heaters; (4) a stainless steel mounting ring.

Table 1. Maximum Heat Flux and the Corresponding Wall 
Temperatures

Figure 9. Schematic of Test Section [5]

The boiling enhancement structure Sloan et al. used 
are screen laminates which consist of stacks of bonded, 
multilayer copper filament, plain weave screens as shown in 
Figures 10 and 11. The three different plain weave screens 
that they used are listed in Table 2. All screens were cold 
rolled to achieve a constant porosity. Multilayer structures 
were created by the diffusion bonding of several screens 
together at elevated temperature.

Table 2. Plain Weave Screen Laminate Properties [5]

Figure 10. Magnified Photo of 80M0055d Mesh after Rolling [5]

Figure 11. Cross Section of Diffusion Bonded 80M0055d 2-layer
Lamination [5]
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Figures 12 and 13 show the boiling curve comparison of the 
145M0022d-8 8-layer screen laminate and the plain surface 
at 1 atm and 0.2 atm, respectively. The 8- layer screen 
laminate shows a huge advantage over the plain surface. 
Its critical heat flux is much higher and its wall superheat 
and onset of nucleation is much lower compared to the 
plain surface at 1 atm. At 0.2 atm, the difference of wall 
superheat at the onset of nucleation between the 8-layer 
screen laminate and the plain surface is reduced. However, 
the 8-layer screen laminate still can transfer multiple times 
more heat than the plain surface. Sloan et al. concluded that 
the screen laminate structure creates an order of magnitude 
more nucleation sites and bubbles during the boiling process 
than the plain surface at the same wall temperature and 
pressure.

Figure 12. Boiling Curve Comparison of 145M0022d-8 8-Layer 
Screen and Unenhanced Surface at 1 atm [5]

Figure 13. Boiling Curve Comparison of 145M0022d-8 8-Layer 
Screen and Unenhanced Surface at 0.2 atm [5]

Figure 14 shows the boiling curve of the 145M0022d-4 4-layer 
screen laminate at different pressures. When comparing all 
of the boiling processes at the same wall superheat, the 
heat flux decreases as the pressure decreases, which is 
consistent with Pal and Joshi’s findings [4].

Figure 15 shows the effects of the number of layers of 
80M0055d screen laminate on boiling at reduced pressure. 
When the wall superheat is less than 10 oC, the 8-layer 
screen laminate has the best performance. When the wall 
superheat is larger than 10 oC, the 4-layer screen laminate 
has the best performance.
Figure 16 shows the boiling comparison of 4-layer and 
8-layer 145M0022d screen laminates at 0.2 atm. The 8-layer 
screen laminate shows a better performance than the 4-layer 
one at all conditions.

Figure 14. Boiling Curve of 145M0022d-4 4-Layer Screen at
Different Pressure [5]

Figure 15. Boiling Curve of 80M0055d 1, 4, and 8-Layer Screen at 
0.2 atm [5]
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superGRIPTM

89-27 Access Road, Norwood, MA 02620 USA | T: 781.769.2800
F: 781.769.9979 | www.qats.com

ATS’ High Performance BGA Cooling 
Solutions with superGRIP™ attachment 
helps achieve maximum performance from 
phase-changing TIM and does not require 
holes in the PCB

Figure 16. Boiling Curve of 145M0022d 4, and 8-Layer Screen
at 0.2 atm [5]

Through the research work of Pal and Joshi [4] and 
Sloan et al. [5], it is determined that the boiling process at 
reduced pressure is very complicated and is affected by 
a lot of parameters. Some general conclusions from their 
researches are summarized below:

1) The boiling at sub-atmospheric pressure will lead to a 
low saturation temperature and correspondingly low wall 
temperature, which is very attractive for heat pipe and vapor 
chamber design for electronic cooling applications.
2) Thelowersub-atmosphericpressureleadtoareductionofwal
lheatflux.The lowering of wall temperature, with a decrease 
in pressure, is partly offset by the deterioration of the heat 
flux with the lowering of pressure. So choosing correct 
parameters is important for optimized design.
3) Enhancement of the boiling surface can greatly improve 
the boiling process, when compared with a plain surface. 
Good enhancement technology can increase nucleation 
sites, reduce the temperature of the onset of nucleation, and 
increase the heat flux, especially at low pressure.
4) Multilayer enhancement generally has a better 
performance than 1-layer enhancement.
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One of the topics that has attracted the least attention in 
thermal management is the diffusion of heat. Thermal 
diffusivity is how fast the temperature changes in time in 
response to a change in heat source input. In contrast, heat 
conduction is how much heat flows due to a temperature 
gradient. The diffusion equation is a parabolic, partial 
differential equation (PDE) [1], which may be used to 
determine the evolution of any particle, mass, or energy 
which is diffused into a surrounding medium. An ideal visual 
example of mass diffusion would be a drop of ink getting 
diffused into a beaker of water, as shown in Figure 1.

Other examples include osmosis, traffic patterns, population 
sprawl and, of course, heat transfer. A thermal image 
showing heat diffused through the components of a circuit 
board is shown in Figure 2.

The diffusion equation, as applied to heat transfer, is also 
known as the “Heat” or “Thermal” diffusion equation,and is 
commonly expressed:

Where: 

T temperature (K) 
t time (s)
x location (m)
 thermal diffusivity(m2/s)
K thermal conductivity (W/mK)
ρ density (kg/m3)
Cp specific heat capacity (J/kgK)
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Heat Diffusion   
 

Figure 1. Ink Diffusion In Water [1].

Figure 2. Thermal Image Of Heat Diffusion On A Circuit Board [2]
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A graphical representation of one solution for this equation 
is shown in Figure 3. It is important to realize that there are 
time and space components to the equation, so a still image 
only captures one instance of the complete solution and the 
graph only illustrates one dimension.

Various boundary conditions such as insulation, interface 
material, external heat loss or gain, forced air flow, and so 
on, will require additional variables in order to solve the heat 
diffusion equation. For cases where energy is being diffused 
through a body with infinite boundaries, temperature will 
be equal in all directions. Therefore, the one-dimensional 
equation may be applied to a three-dimensional object. 
However, where boundary conditions differ among each 
dimension, the three-dimensional heat diffusion equation is:

x,y,z location (m)

Table 1 shows the thermal diffusivities of some common 
materials.

Figure 4 shows the difference of thermal diffusivity between 
solids and gases. For example, heat is diffused in aluminum 
faster than air and the heat is diffused in copper faster than 
in plastic.

Figure 3. Temperature Distribution As A Function Of Time And 
Location For A Pulse Of Heat Diffused[3]

Figure 4. Thermal Conductivities And Diffusivity
For Gases And Condensed Matter[4]

Table 1. Thermal Diffusivity For Some Common Materials[4]
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But, simply looking at diffusivity between two materials is not 
enough to conclude which one has a faster response. As an 
example, let’s assume that when a heat sink is heated, how 
does the time-dependent temperature look like for a copper 
and aluminum material. Let’s assume that we expose two 
geometrically similar heat sinks with initial temperature 
Ti and place them in an environment with temperature T∞. 
The transient temperature evolution can be calculated from 
the following equation, which is derived from 1-D diffusion 
equation by using the lumped capacitance method.

Where 
T Instantaneous temperature 
T∞ Ambient temperature
Bi Biot number = hLc/K
h heat transfer coefficient
Lc characteristic length
K thermal conductivity
Fo Fourier number = α t/Lc

2

Assuming a heat sink 45x45x17 mm, it is easy to show 
that Biot number is very small, so the lumped capacitance 
method can be used. Assuming a heat transfer coefficient of 
50 W/m2.K and a value of Lc=0.002 m, the K and Fo values 
for aluminum and copper are as follows:

For copper 
K=400, α=1.15,Fo=297.6 

For aluminum alloy 6061 
K=200, α =0.64,Fo=251.02

By substituting for values of thermal conductivity and 
diffusivity, we can plot the response of temperature as a 
function of time. It can be seen that even though copper has 
a higher thermal conductivity and diffusivity, the aluminum 
heat sink responds faster and reaches a steady state faster 
than a copper heat sink. It does not mean the aluminum heat 
sink is better than the copper heat sink. It only shows that 
the transient response of the aluminum heat sink is faster 
than the copper heat sink.

Thermal diffusivity is an important parameter in situations 
where the transient response of a die is due to a sudden 
change in heat dissipation. In these situations, the engineer 
should analyze and determine if an aluminum heat sink 
might be more useful than a copper heat sink.
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First Volume of 
Qpedia Thermal 
eMagazine 
Articles Now 
Available in 
Hardcover Book!

ATS has published Qpedia Thermal eMagazine, Volume 1, Issues 
1-12, a hardbound, full-color book that compiles 46 technically 
comprehensive articles  offering expert-level coverage on a wide 
range of heat management issues that impact virtually all of today’s 
electronic devices. 

Qpedia Thermal eMagazine, Volume 1, Issues 1-12, ISBN-978-
0-615-23660-5, the hardbound, full color book can be ordered for 
$94.95 (USD) by calling 781-769-2800 or by email Qpedia@qats.
com.  Contact ATS or visit www.qats.com/qpedia.asp for details. 

Figure 5- Transient Response Of Temperature For Copper And 
Aluminum Heat Sinks

http://www.qats.com/Qpedia/Books/47.aspx
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Advanced Thermal Solutions’ Thermal Mange-
ment Design Kit contains 96 of its best-selling 
maxiFLOW™ heat sinks and maxiGRIP™ sink 
attachment systems, to quickly provide opti-
mum component cooling solutions during the 
prototyping, trouble shooting and final design 
stages. 

There are 288 parts in all, including heat sink, 
frame clip, spring clip and pre-applied thermal 
interface material for 16 of the most common 
component sizes available. This allows engi-
neers to have the best cooling solution avail-
able for nearly every application. 

ATS maxiFLOW heat sinks feature a low profile, spread 
fin array to maximize surface area for more effective air 
(convective) cooling. The maxiGRIP heat sink attach-
ment system features a plastic frame clip and a stainless 
steel spring clip that runs through the heat sink’s fin field, 
fastens securely to the plastic frame and applies steady, 
even pressure to the component throughout the product 
lifecycle. 

Every heat sink in the Kit comes with a high quality ther-
mal interface material to enhance cooling performance 
and allow immediate qualification testing. An enclosed 
catalog provides each heat sink’s part number, dimen-
sions (base and fin tip to fin tip) and cooling performance 
in both ducted and unducted airflow conditions. 

All parts in the kit are RoHS compliant. 

Individual orders of maxiFLOW heat sinks with maxiGRIP 
frame and spring clip assemblies, including replacements 
for the Kits, are available exclusively from Digi-Key, and 
can be ordered at digikey.com. Tools that aid in the instal-
lation and removal of the assemblies are also available 
and can be ordered from Digi-Key or ATS. 

For further technical information, please contact Advanced Thermal 
Solutions, Inc. at 1-781-769-2800 or www.qats.com

»  96 Heat Sink Assemblies   
Each includes a heat sink, 
with pre-applied phase-
changing thermal interface 
material, plastic frame clip 
and stainless steel spring clip

»  Ideal for Prototyping & Testing  
Allows engineers to have the 
best cooling solution avail-
able for nearly every applica-
tion

»  Parts Available from Digi-Key  
Additional samples and 
replacement parts are 
conveniently available from 
Digi-Key and can be ordered 
at www.digikey.com

»  maxiFLOWTM Heat Sinks  
maxiFLOW heat sinks reduce 
device junction temperatures 
(TJ) by more than 20 percent, 
compared with other heat 
sinks of comparable volume

»  maxiGRIPTM Attachment  
Provides secure heat sink at-
tachment and applies steady, 
even pressure to the compo-
nent throughout the product 
lifecyle 

»  Meets Shock & Vibration 
Standards  
maxiGRIP assemblies are 
certified to meet Telcordia, 
ETSI and MIL-STD vibration 
and shock test standards 

»  Detailed Performance Data   
An enclosed catalog provides 
each heat sink’s part number, 
dimensions (base and fin tip 
to fin tip) and cooling perfor-
mance in both ducted and 
unducted airflow conditions. 

»  RoHS Compliant

89-27 ACCESS roAd, norWood, mA 02062 USA  |  t: 781.769. 2800  f: 781.769.9979  |  WWW.QAtS.Com

Thermal Management 
Design Kit
AtS-tmdK-96

COMPONENT SIZES: 
17 mm x 17 mm
19 mm x 19 mm
21 mm x 21 mm
23 mm x 23 mm
25 mm x 25 mm
27 mm x 27 mm
29 mm x 29 mm
30 mm x 30 mm
31 mm x 31 mm
32.5 mm x 32.5 mm
33 mm x 33 mm
35 mm x 35 mm
37.5 mm 37.5 mm
40 mm x 40 mm
42.5 mm x 42.5 mm
45 mm x 45 mm

COMPONENT HEIGHTS: 
Standard - 3 mm to 4.5 mm
Low Profile - 1.5 mm to 2.99 mm 

HEAT SINK HEIGHTS:
STD LP Components
7.5 mm 9.5 mm
12.5 mm 14.5 mm
17.5 mm 19.5 mm

http://qats.com/
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Thermally	 Conductive	 Silicone	
Encapsulant
LORD Corporation has introduced a 
new thermally conductive silicone de-
signed for encapsulation applications 
where high heat dissipation is required. 
LORD SC-305 is a two-component 
silicone system ideally suited for LED 
lighting power supply encapsulation. 
The encapsulant can be room tem-
perature or heat cured for maximum 
adhesion. Benefits of the encapsulant 
include low stress, high thermal con-
ductivity and superior environmental 
resistance. Composed of an addition-
curing polymer that will not depolymer-
ize when heated in confined spaces, 
the silicone encapsulant is a durable 
solution. LORD SC-305 also meets the 
requirements of UL 94 V-O, providing 
excellent flame retardancy. Further, the 
three-step application process involv-
ing mixing, applying and curing is user-
friendly, making LORD SC-305 an ideal 
solution for encapsulation.

Thermolectric	Cooler	for	Photon-
ics
Nextreme Thermal Solutions recently 
introduced the OptoCooler HV37 mod-
ule; the next product in its high-voltage 
(HV) line of thin-film thermoelectric 
coolers (TECs) designed to address 
photonics cooling applications with 
larger heat pumping requirements. At 
85°C, the OptoCooler HV37 can pump 
4.5 watts or 107W/cm2 of heat in foot-
print of only 6 mm2. The device is only 
0.6mm high, making it one of the thin-
nest heat-pumping TECs in the photon-
ics market. At 85°C, the OptoCooler™ 
HV37 can create a temperature differ-
ential (ΔT) of up to 60°C between its hot 
and cold sides, and operates at a maxi-
mum voltage of 7.7V, making it compat-
ible with commonly found board-level 
currents and voltages. At 25°C, the de-
vice can create a ΔT of up to 50°C with 
a maximum voltage of 5.9V.

Vapor	 Phase	 Thermal	 Profiling	
Kit
ECD has released its PTP® VP-8 ther-
mal profiling kit for vapor phase solder-
ing. As boards become more complex, 
with a range of high- and low-mass and 
lead-free passive and active compo-
nents, vapor phase soldering is enjoy-
ing a strong comeback as a method of 
choice for hi-rel, complex, and other 
expensive boards. The PTP VP-8 is 
a complete thermal profiling solution, 
using the award winning, M.O.L.E.® 
MAP software, in combination with the 
German-engineered PTP Vapor Phase 
profiler from globalPoint ICS GmbH. 
This match-up provides all the power 
and analytics needed to both charac-
terize and verify the key process pa-
rameters for complex, disparate, or 
high-mass PCB assemblies. Measur-
ing just 90mm (3.54-in.) wide, 100mm 
(3.94-in.) long, and 50mm (1.97-in.) 
high, the profiler provides a minimal 
form factor, important in minimizing the 
drain on the vapor cloud and getting 
into tight spaces.

Cooling News 
New Products, services and Events from around the Industry
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AC	Fan	Provides	for	Large	Cabi-
nets,	Racks	and	Enclosures
The AK28089 is a new AC fan from 
ADDA that is ideal for cost-effective 
cooling of large cabinets, racks and 
enclosures. With a frame size of 280 x 
280 x 89mm this new fan is supplied 
in both 115 and 230 VAC versions pro-
ducing 1,200 CFM (548 liters/sec) and 
1,400 CFM (640 liters/sec) respective-
ly. High quality ball bearings produce a 
life of 50,000 hours at 25°C, the oper-
ating noise level is 75 dB and the fan’s 
operating temperature range is -10 to 
+75°C.

Compliant	 2.0	 W/mK	 Thermally	
Conductive	Gap	Filler	
Tflex™ XS400 is a compliant elasto-
meric thermal gap filler designed to pro-
vide moderate thermal performance. 
This soft interface pad conforms well 
under minimal pressure, resulting in 
little or no stress on mating parts. Tflex 
XS400 is naturally tacky, no adhesive 
coating is required. Due to its TG liner 
on the other side, Tflex XS400 is elec-
trically insulating. The gap filler mate-
rial is stable from -40°C to 160°C and is 
certified to UL 94V0 flammability rating. 
Standard thickness is 0.020-inch (0.25 
mm) through 0.200-inch (5.0 mm) and 
available in 0.010-inch (0.25 mm) in-
crements.

EC	 Plug	 Fans	 Match	 Server	
Needs,	Save	Energy	
Emerson Network Power has added 
electrically commutated (EC) plug fans 
to all down-flow models of Liebert CW 
and Liebert DS precision cooling sys-
tems. The new fans allow data centers 
of all sizes to automatically adjust cool-
ing unit capacities to match IT server 
demands and improve energy savings. 
EC plug fans are a backward-curved 
motorized impeller powered by a direct 
drive DC motor with integrated AC-
DC conversion. Adding the EC plug 
fans allows the fan assembly to be 
lowered below the raised floor rather 
than remaining within the unit. This 
lowered condition reduces the energy 
consumption of the fan system an ad-
ditional 10 percent by eliminating many 
internal system losses.
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Upcoming	Webinars	
Heat	Sink	Materials:	Choices	and	Tradeoffs
 
Aluminum and copper are the common choices when designing a heat sink -- 
but are there better choices based on a metal’s ability to transfer heat?  
In this webinar attendees learn about other materials options for heat sinks, 
and the importance of material thermal conductivity in a specific heat sink 
application. They learn how to consider the benefits and trade offs of these 
materials, and how current trends in CPU core density affect thermal conductivity.  

March	24,	2011	at	2:00	p.m.	(EST)
Register

http://qats.com/Training/Webinars/7.aspx
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Getting your company’s message 
out to over 17,000 engineers and 
industry professionals has never 
been easier.

Advertise in Qpedia Today!
Qpedia was launched in 2007 as a technology eMagazine 
focused on the thermal management of electronics. It is 
designed as a resource to help the engineering community 
solve the most challenging thermal problems. 

The newsletter is published monthly and distributed at no 
charge to over 17,000 engineers worldwide. Qpedia is also 
available online or for download at www.qats.com/qpedia.
Qpedia’s editorial team includes ATS’ President & CEO 
Kaveh Azar Ph.D., and Bahman Tavassoli Ph.D., the 
company’s chief technologist. Both Azar and Tavassoli 
are internationally recognized experts in the thermal
management of electronics. 

www.qats.com | 781.769.2800 | 89-27 Access Road Norwood, MA 02062 USA

For more information on how you can generate 
awareness about your company or products, 
contact John O’Day at 781.949.2521.
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