






Friction Stir Welding: Sapa has played an active role in 
the process of transferring theory and laboratory trials into 
full-scale production. 
	 We began serial production back in 1996 and to the 
present day we have produced more than 1000 kilometres 
of friction stir welds, considerably more than anyone else. 
This gives us a unique level of experience. 
	 The method is based on subjecting the metal to extreme 
plastic deformation. As the rotating tool is pressed into the 
metal (see illustration) it generates heat through friction. 
The high pressure exerted by the tool results in extensive 
mechanical deformation, forcing the clean joint surfaces 
together and creating a homogenous structure.

What can Sapa Thermal Management do?

Alloy development: Understanding the properties of 
a material and how it is affected by composition and 
production processes requires a knowledge of the building 
blocks that make up the material. It calls for knowledge 
from the atomic level upwards. The structure of the material 
determines its properties. This is the area where Sapa 
focuses its main research, on properties such as strength, 
ductility, corrosion resistance and, not least, thermal 
conductivity. Among other things, we have developed a 
variant of a standard alloy that conducts heat so well that 
we can guarantee a thermal conductivity of 210 W/mK at 
room temperature.

The Scanning Electron Microscope (SEM) allows us to magnify up to 100,000 times 
and at the same time get large depth of field. Energy Dispersive X-ray Spectroscopy 
(EDS) lets us determine the composition of the metal in very small areas – around 
1µm (0.001 mm) across. The photo shows a cross-section through a fractured anode 
layer. Magnification: 64,000x

RCR makes suppositions about different orientations and bases the calculation 
on these suppositions. The only data you need to input are your heat dissipation 
requirements and operating ambient temperature.

Compared with fusion welding, the benefits of Friction Stir Welding include higher 
strength and fewer leaks. The joints are completely free from pores and leaks, and 
are stronger than fusion-welded joints. This method is particularly suitable for liquid  
cooling devices (see also Case 1 on next spread).

Welds without porosity

Rapid Convection & Radiation (RCR): Natural con-
vection and radiation are used to cool heat generating 
electrical components. Natural convection is a complex 
process to understand. In view of this, we have devel-
oped our own tool for performing the first pre-study of a 
heat sink. 
	 This software has a facilitated design procedure 
based on modified analytical and numerical solutions for 
heat transfer by natural convection and radiation in par-
ticipating fluids. RCR stands for rapid natural convection 
or free convection and radiation from a heat sink. RCR 
has consistently shown very high reliability in experimen-
tal verification tests and simulations using CFD software. 
	 RCR optimizes your heat sink in a few minutes with 
respect to fin thickness, fin height and variation in fin 
spacing with limited iteration of calculations. RCR pro-
poses and implements the optimal solution throughout 
the design procedure.



The unique possibilities of Friction Stir Welding enable 
us to produce liquid coolers with outstanding performance. 
The liquid coolers can be designed with a lower weight, a 
lower total cost and in many cases improved heat transfer 
performance. The joints can be made very flexible, allowing 
dynamic movement due to fatigue-free pressure changes. 
One of our liquid cooling designs has been successfully 
lab tested over 5,000,000 leak-proof cycles.

Sapa has the resources not only to design, but also to simulate and test a new 
liquid cooler concept.

The wind tunnel makes it possible to verify calculations carried out using RapidCool 
and/or CFD analysis, and hence check the actual performance of the cooling device.
The tunnel can accommodate cooling devices measuring up to 500 x 500 mm.

Our technical equipment is often highly specialised, and 
in some cases unique. 
	 The IR photometer helps you determine the emissiv-
ity of different surface treatments so that you can suggest 
a suitable, cost-effective surface treatment. The untreated 
surface has an emissivity of 0.1 – 0.3. Depending on the 
temperature range a heat sink will be operating in, the 
contribution of radiation could play an important role in 
the cooling process.
	 CFD/FEM: We have long experience of using compu-
ter simulation to understand and optimise manufacturing 
processes such as extrusion, rolling, bending and hydro-
forming. The same tools are particularly effective for 
carrying out detailed studies of new products at an early 
stage of the design process, such as simulating the flow 
of air, liquids and heat around cooling devices. 
	 CFD/FEM simulations demand extensive resources 
but generally give very reliable results. This makes it 
possible to reduce both the development time and costs.
	 Our wind tunnel is another example. This is where 
we verify the simulations obtained from RapidCool and 
from CFD/FEM calculations.

Measurement with thermo element and IR photometer (FLIR).

The advantage of RapidCool is apparent from its name. A simulation, including data 
entry, does not even have to take an hour. The programme is easy to use and the 
information it provides is easy to interpret.

RapidCool: In the course of developing coolers for, and 
in collaboration with, our customers, we realised there 
was a need for a quick and easy method for simulating 
the performance of a cooling device. The programme we 
developed, RapidCool, begins with the warmest point on 
a  cooling device and designs the rest of the component 
on the basis of that point. This means that the number 
of calculations required is much smaller than with 
Computational Fluid Dynamics (CFD) and Finite Element 
Methods (FEM). The programme is also used to get an 
idea of the performance of existing  cooling devices. 
	 RapidCool has been shown to produce very good 
results in verification tests in our wind tunnel, for example.



A liquid cooling device that is now welded using the FSW method. This process 
has just a few variables that are easy to control. It gives the same results weld after 
weld. Fusion welding is a more complicated process, which means that results 
often vary.

Liquid cooling devices

Temperature increase in the liquid resulting from fluid travelling through the chan-
nels when heat-generating components are in operation. There is a temperature 
difference of about 12°C between the first and last component. Note that this heat 
sink is equipped with a turbulator and is of a type widely used today.

Liquid cooling device with exactly the same boundary conditions as the picture 
above. A turbulator is used here too. The difference is in the optimization of the 
channels.

What can Sapa Thermal Management show?

From MIG to FSW

The liquid cooling device to the right was previously 
manufactured using a conventional welding method 
(Metal Inert Gas – MIG) in automated robot cells. But 
because fusion welding is a complicated process the 
results often vary. In this case fusion welding led to too 
many leaks, which resulted in a large number of rejected 
cooling devices. 
	 During fusion welding a filler metal is added. This 
gives a weld with a different grain structure to the rest 
of the material. There is also the risk of inclusions and 
porosity in the weld. 
	 Sapa and the customer began a development 
programme that included a trial of the FSW method. 
	 Evaluation of the welds included leak testing with 
helium, which showed no leaks due to welding defects. 

Sapa has developed new generation liquid cooling 
devices that utilize the usable area above and below the 
heat sink far more rationally. These devices can bring you 
substantial savings. 
	 Maintaining a low pressure drop while simultaneously 
dissipating more heat has long been a challenge for heat 
sink developers worldwide. Sapa has now solved this 
problem.   

Smooth temperature distribution

The concept is based on utilising a single liquid cooling 
device for heat dissipation of several heat generating 
components. Everyone in the business knows that even 
temperature distribution over all the components is vital, 
and that a temperature difference of more than 10°C 
shortens the electrically connected components’ lifespan 
by up to 50%. 

Solutions specially designed for your needs

A combination of computational fluid dynamics, manufac-
turing and extrusion technology gives you a reasonable 
price and a thermal solution optimized to your specific 
heat dissipation requirements. 
	 The pictures show how Sapa has optimized a cus-
tomer product to extend the components’ lifespan.



7.4 mm

Welds viewed from the side and from above. MIG (on the left): the weld has a 
different grain structure from the rest of the material. There is also a risk of inclusions 
and porosity. FSW (on the right): a homogenous, pore-free weld without inclusions. 
The appearance of the metal in and around the weld has changed as a result 
of deformation and the influence of heat. However, the composition of the metal has 
not changed.

The consequences of different orientations lead to higher temperatures in the 
heat generating components. This could have been avoided by using new Sapa 
technologies to optimize the flow through the channels.

The FSW joints were also pressure-tested with water. 
The results were clear-cut: the FSW process ensures 
a joint that can be used in components that require 
maximum freedom from leaks. 
	 The robot welding process was replaced by FSW. 
This led to higher product quality and reduced overall 
costs. 
 The FSW weld is formed without filler metal. Joining 
takes place as a result of friction heating and extreme 
plastic deformation. The result is a homogenous weld 
that is free from porosity or inclusions.

Development of smaller liquid cooling devices

The thermal deformation that occurs during fusion 
welding can be a big problem. Because the FSW 
process takes place at a temperature that is lower than 
the melting point of the metal, it results in very small 
changes in shape. This has made it possible for 
customers to manufacture considerably smaller cooling 
devices (photo to the left).

Air cooled heat sinks
Sapa has worked closely with many of its customers to 
optimize their heat sinks. 
	 Using CFD analysis (FEM), Sapa has developed new 
technologies to control the airflow through the channels. 
As seen in the pictures to the left, the orientation of a natural 
convection heat sink has a strong impact on its cooling 
efficiency.
	  By manipulating the airflow between the fins, the loss 
of cooling capacity can be drastically decreased. In many 
cases, the result can actually be better than with a vertical 
orientated heat sink, which is considered to have 100% 
efficiency with regard to cooling capacity in relation to 
gravity.

Dimensions of cooling device: 180 mm long, 95 mm wide and 30 mm high. The 
starting material is a solid section that has been CNC machined. The machined 
area is concealed with a cover.
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 Sapa is the leading company in its fi eld of operation and develops, 
manufactures and markets value-added profi les, profi le-based building 
systems and heat exchanger strip in the light-weight material aluminium.
 Sapa, with operations in Europe, North America and Asia, is divided in 
the core areas Sapa Profi les, Sapa Building System and Sapa Heat Transfer.
 The business concept is built on close cooperation with customers in 
the building and construction, transport, engineering, telecom and home 
& offi ce industries. This is demonstrated, for example, by the business 
segments Automotive, Mass Transportation and Thermal Management.
 Sales (2008): 33 billion SEK (3.4 billion EUR / 4.9 billion USD).
 Number of employees: 14,000.

Sapa’s contribution to the customers’ product development 
of liquid cooling devices and air cooled heat sinks

Sapa Thermal Management offers:
– Optimisation: design solutions that solve the customer’s cooling 
 problems cost-effectively.
– Effective tools for simulation.
– Fast production of prototypes at very reasonable cost.

And when production is underway

– Low tool costs.
– Short lead times.
– The ability to extrude complicated profi les to tight tolerances.
– Capacity: with presence in 25 countries Sapa is well equipped 
 to establish close cooperation with local as well as international 
 customers.


