
John Field Laboratory -  Experimental Mechanics at LTU 

Flow in a porous bed 

Strain localization in Boron steel 

Bending waves propagating on a rotating hard disc (3660 rpm) 
20 µs after excitation 



John Field 

•  Professor emeritus in Applied Physics at 
Cavendish Labs, Cambridge Univ., UK 

•  First invited to Luleå in the mid 70’s by Martin 
Lesser who then was professor in Fluid 
Mechanics at LTU 

•  Influenced the research at LTU in the 
direction of transient events 

•  Has visited annually in March since then 
always bringing a PhD-student to accompany 
him 

•  Has hosted several PhD-students from LTU 
at Cambridge 



The John Field Laboratory 

Non-invasive  
measurements 

Solid mechanics 
Mats Oldenburg 

Experimental  
Mechanics 

Mikael Sjödahl 

Fluid mechanics 
Staffan Lundström 



Tribological testing 
•  WAM Tribometer: 

–  Rolling/sliding friction 
–  Optical interferometry for EHL 

•  Zygo & WYKO optical profilers 
•  Nano-indenter (high temperature) 
•  Rotary tribometer (four ball test) 
•  Bearing test rigs (rolling element, 

thrust and journal bearings) 
•  Reciprocating friction and wear 

tests (also for high temperatures) 
•  Viscometers, rheometers, ball-on-

bar apparatus 
•  Wet clutch rigs (3) 
•  Pin on disc tests 
•  Cylinder liner test rig 
•  Abrasive wear test 
•  High temperature tribometer 



Research areas addressed at JFL  

1: Turbulent flow 
2: In-stationary flows 
3. Porous media flow 
4: Flow of non-spherical particles 
5: Microfluidics 
6: Flow with free surface 

Fluid mechanics 

1: High performing steel at different length 
scales 
2: Temperature dependence 
3: Strain rate dependence 
4: Ductile/brittle failure 

Solid mechanics 

1: Multiplexed digital holographic 
 recordings and reconstructions 
2. Species specific recordings 
3: Robust optical systems 
4: µ-xray tomography 
5: Data processing/information extraction 

Experimental mechanics 

High performing steel 

Mechanical response 
Turbulent flows 

Gasification Friction and wear 

Porous and granular  
materials 

Soft material 
Particles/bubbles 

Composites 

Multiphase flows 



Commercial equipment 
 

Mainly purchased through donations from the 
Kempe foundation 



Laser Doppler Anemometer (TSI Powersight) 



Pulsating flow in pipe 



MicroPIV (Dantec) 



Grease flow in elbow channel with micro-PIV: 
Model and experiments 



High speed PIV & µPIV with YLF 



PIV/PLIF of kiln aerodynamics with photron and 
redlake cameras 



2D2C PIV very raw (blasted) surface (LaVision) 



2D3C in porous flow 



Three velocity components in the 
middle of the bed 



Scanning LDV 

Polytec 
Carrier frequency 80 MHz 
Can be run in transient and  
continuous mode 



Body modes and sound emission from a violin 



Opto-acoustic detection and imaging 



Opto-acoustic detection 

Hologram 5 µs after  
excitation 



Opto-acoustic imaging 



Custom built or semi-commercial 
equipment 

Purchased through donations mainly from 
VR, the Kempe foundation or the 

Wallenberg foundation 



Various image correlation systems 

Microscopic  
stereo-IC 

Macroscopic stereo-IC High-speed IC 
Cameras ranging from 
1 kfps to 200 Mfps 



From quasi-static to high-speed (VHS) (20 m / s). 

Laboratory resources 

§  Materials testing machines and Split-Hopkinson pressure bar 



15 m/s (54 km/h), max. velocity = 20 m/s, max. 
force = 100 kN 

Laboratory resources 

§  High Speed Test (VHS) of car structure component 



§  Hot tensile test at 800 DegC – austenite phase 
Austenitisation at 900 DegC for 3 minutes, fast cooling to 800 DegC, strain 
rates = 1, 10, 50 and 200/sec 

Engineering stress–strain curves 

Laboratory resources 



Fast video camera, 50000 frames/
sec, at 512x512 resolution 

Laboratory resources 

§  High speed, high temperature strain field measurements using Digital 
Speckle Photography, notched specimen 

Boron steel sheet, heated to 900 
DegC, fast cooling to 800 DegC, 
initial strain rate 200 /sec 



•  High temperature compressive testing in Split Hopkinson Pressure Bar 
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Laboratory resources 



Our first micro-tomograph was built 2003 
thanks to a grant from VR. 

µ-xray tomography 



Iron ore pellet 

After reduction at 1050 C 
Green pellet 
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Connection with modeling 



Zeiss Xradia 510 to be installed in February 2016 



Equipment for holography 
 
- Various cameras ranging from high resolution 
and ultra sensitive to high-speed 
- Double pulsed Nd:YAG (355, 512, 1064 nm, 6 
ns, 400 mJ/pulse in green) 
- Pulsed Nd:YAG pumped OPO laser (450 – 
1700 nm, 6 ns, about 200 mJ/pulse) 
- Visible CW-lasers (from 5 mW – 400 mW) 
- Stabilized diode lasers 
- Mechanics, optics, fibers, … 
- In-house developed software for analysis 



Customized holographic set-ups 



A few older results 

Bending waves propagating in a rotating  
hard disc (3660 rpm) 20 µs after excitation 

Quantitative laser ablation, 835 ns after 
interaction 

Coherence gated measurement of bending 
wave (measurement through smoke) 

Shape from three wavelengths recorded simultaneously 



Gasification of black liquor droplet 



Spectroscopic (LIF) holography 

The experimental setup for LIF holography. M1 and M2: mirrors, NL: 
negative lens, L1: collimation lens, L: lens system for imaging, A: 
aperture, D: diffuser, BS1 and BS2: beam splitters. 



15% of the pump 
beam energy was 
transferred to the 
dye solution by  
non-radiative 
process. 

c = 0.32 g/L c = 0.05 g/L 

∆T=(0.26 ± 0.02) K ∆T=(0.1 ± 0.02) K 



Ongoing research projects 

•  Raman holography for species specific mapping and 
characterization (Bio4Energy) 

•  Dynamic strain in brittle material (Centre for high 
performing steel) 

•  3D flow of non-spherical particles (VR) 
•  Dispersion in porous media flow (VR) 
•  Freezing of droplets (Faculty research) 
•  Flow behind a half cylinder with two diameters 

(StandUp) 
•  Field measurements on Porjus U9 (SVC) 


