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Technological Scope of Hybrid Channeling

Hybrid Friction 

Stir Channeling
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Technological Scope: What is FSChanneling?

FSC is a solid-phase manufacturing technique able to produce, in a single 
operation, continuous internal (closed) channels in massive domain

Channels…

…can have any path
…can have constant or variable shape along the path
…can be produced at different depths
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Advanced FSChanneling
Case Study 1: Plates for Thermal Management of Batteries (1/3)

Experimental conditions:

AA5083-H111

 Thickness = 10 mm

 Channel size:
 5  mm (depth) x 10 mm (width)
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Dashed line is harmonic mean of the 

measurement sets with 2SD (95%) error bars

𝑄 =
𝑚 ∙ 𝑐𝑝 ∙ ∆𝑇

∆𝑡
 

Advanced FSChanneling
Case Study 1: Evaluation of Thermal Efficiency with Air Flow (3/3)
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 Thermal analysis of curing process (3 heating/cooling configurations):

– 2 configurations had channels with circular cross sections and parallel 

paths, modeling channels produced with conventional drilling techniques 

– Third configuration had conformal channels, modeling FS channels 

– The 3 channel configurations were the following:

Case Study a) Case Study b) Case Study c)

Advanced FSChanneling
Case Study 2: Mold for curing composites (CFRP)
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 Stationary state of the thermal field (Longitudinal Mid-Section):

Advanced FSChanneling
Case Study 2: Mold for curing composites (CFRP)
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2005 2010 2016

First FSC concept

Balasubramanian N., et al. (2009) Friction Stir 

Channelling: Characterization of the Channels. 

Journal of Mat Proc Techn (209), 3696-3704

Vidal C., et al. (2013) Effect of 

Microstructure on the Fatigue Behavior of 

a Friction Stirred Aluminium Alloy. 

Procedia Engineering (66), 264-273

Hybrid Channeling (HFSC)Advanced FSC

Channeling of a monolithic plate Welding + channeling

Karvinen H., et al. (2016) New Development and 
Testing of FSChanneling Technique: HybridFSC. 10th 
Trends in Welding Research, Tokyo, Japan. 376-379.

Historical Scope of HFSC
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 Small electronic device (dummy):

 170 mm x 140 mm x 60 mm

 AA5083-H111; tPLATE = 5 mm + tRIB = 8 mm

 Heat source: 6 pcs. ARCOL HS 25 resistors

 Coolant: 80 % water + 20 % ethylene glycol

Hybrid Friction Stir Channeling
Case Study 3: Evaluation of Thermal Efficiency with Liquid Flow (1/7)

Conformal cooling path designed 

to assess the multiple local hot zones
 Radio network base stations are smaller and 

increasing data processing  power density

10
Engineering Materials Group

Department of Mechanical Engineering

Hybrid Friction Stir Channeling
Case Study 3: Evaluation of Thermal Efficiency with Liquid Flow (2/7)



05-Nov-18

6

11
Engineering Materials Group

Department of Mechanical Engineering

0.399 kg

 HFSC

Sealing: 2 mm aluminum plate + 47 screws

0.512 kg

Milled Channels

Hybrid Friction Stir Channeling
Case Study 3: Evaluation of Thermal Efficiency with Liquid Flow (3/7)

12
Engineering Materials Group

Department of Mechanical Engineering

0

0.5

1

1.5

2

2.5

0 50 100 150 200 250

C
o
o
li
n
g
 r

a
te

 (
°C

/s
)

Time (s)

HFSC channel Milled channel

2.20  

1.83  

Fast cooling response reducing the peak temperatures 

 Key factor to extend life of electronic components

Thermal Analysis Results: Transient Condition

Hybrid Friction Stir Channeling
Case Study 3: Evaluation of Thermal Efficiency with Liquid Flow (5/7)
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Hybrid Channeling presents in overall, better 

cooling performance when compared with 

similar channels produced by milling

Thermal Analysis: Steady-state

Hybrid Friction Stir Channeling
Case Study 3: Evaluation of Thermal Efficiency with Liquid Flow (7/7)
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Average burst pressure: 420 bar

Max 460 bar (Max without leak: 440 bar)

Critical zones:

Weld at the start and end of the 

channel and Couplings

High pressure resistance  superior for 

any heat transfer application!

Hybrid Friction Stir Channeling
Tests in Al-Al components: Internal Pressure / Helium Leak

Overpressure method (1 bar) 

with helium sniffing

Average leak rate: 1 x 10-5 mbar*l/s 

(9 samples)

smaller than that of standard hose 

couplings!

For comparison: 

1.8 bar  1.6 bar pressure loss in car 

wheel in 6 months = 4 x 10-5 mbar*l/s
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Hybrid Friction Stir Channeling
Implemented in High-Performance Cu-Al Components
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Final Remarks

Hybrid friction Stir Channeling is a feasible technique to produce, in one 

action, closed internal channels of large dimensions, with complex path, 

while joining multimaterial components, such as Cu and Al, delivering 

sound high performance components with continuity of thermophysical

properties and structural resistance


