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Effect of Surface Texturing on Friction and Film Thickness under Starved Lubrication 

Conditions 

 

 

There is a sustained effort current days, from both the industry and the academic world to tackle 

problems related to increased efficiency of machine components, increase operating life, reduce 

lubricant usage, all with the wider goal to reduce the amount of CO2 and other harmful emissions 

released by various equipment and machinery, to protect resources and the environment. One of 

the way of reducing friction in lubricated contacts is to reduce the viscosity of the lubricant, which 

inevitably leads to reduced fluid film thickness and thus starvation; in this context the thesis 

presented by Mr Fadi Ali which approaches a topic in the field of lubrication in starved conditions 

is well timed and of deserved interest.  

 

Following the state of the art review the author states the objectives for his thesis which are: 

- Experimental study of the effect of artificial micro-dents on friction coefficient in starved 

lubrication conditions 

- Compare starved and fully flooded results 

- Experimental study of micro-dents lubricant film thickness in starved conditions 

- Experimental study of film thickness of fully flooded EHL contacts with transverse micro-

grooves 

- Experimental measurement of friction of fully flooded EHL contacts with transverse 

micro-grooves 

- Effect of transverse micro-grooves under starved lubrication conditions 

- Numerical simulation of the behaviour of transverse micro-grooves and comparison with 

experimental results 

 

Judging by the written dissertation and by the publication portfolio of the author, it can be said that 

the thesis has met in full all the above-stated objectives. The publications of the author during the 

work to his PhD deserve a special comment; five journal paper and two conferences, relevant to 

the topic of the thesis, published in high-quality scientific journals or presented at high-calibre 

international conferences are proof of the originality and quality of the work undertaken by the 

PhD candidate under the supervision of his professor.   

 

The research in Tribology at the Brno University of Technology is highly regarded by the 

researchers in the field of tribology for its original optical interferometry technique and the 

intricate experimental work carried out. Mr Fadi Ali takes full advantage of these unique 

experimental facilities and environment to carry out new research in the delicate and challenging 

area of lubricant starvation. From the results presented in the dissertation and published in research 



 

publications the candidate proves that he has mastered the experimental technique and was able to 

apply it successfully to the study the behaviour of artificially created features in lubricated 

conditions. Few people outside the tribology research field realise the difficulty of the task of 

evaluating fluid films of few tens of nanometres thickness. On the other hand the importance of 

research in starved conditions can be simply put in some figures for one example only: there are 

about 50 billion rolling element bearings in operation in the world at any time, of which 80-90 

percent are lubricated with grease. These machine elements, vital for the operation of almost every 

man-made object moving on Earth normally work in starved conditions so it is vital for their 

functioning to understand this lubrication condition and to find ways to reduce friction and 

increase film thickness. The candidate successfully applies optical interferometry to study the 

lubricant film thickness formation and friction in starved condition. He introduces artificial micro-

features on the contacting surfaces as a means to enhance film thickness and reduce friction in 

starved conditions. From this point of view the research carried out by Mr Ali is important for 

practice as it can offer a potential method of enhancing film thickness and reducing friction in 

starved lubrication conditions. The numerical simulation carried out in this research and presented 

in the thesis shows good correlation of film thickness with experimental measurements. This 

proves the validity of the numerical model employed but also the fact that, once the numerical 

models are validated, they can, to some extent replace costly experimental investigations in order 

to evaluate the behaviour of lubricated systems.  

 

The dissertation thesis is organised in seven chapter, including: introduction, state of the art, 

conclusions of the state of the art, aims of the thesis, experimental method, results and discussion 

and conclusions. This structure is logical with the literature review feeding into the following 

chapters, however thesis does flow smoothly. This is because the experimental chapters are 

basically derived from the published papers. This is the right thing to do, but the author should 

have avoided repeating more or less the outline of the experimental procedure at the beginning of 

each chapter describing a certain type of experiment.  

 

There are also some aspects of the work which needs better explained or detailed.  

- Page 43, under “primary aims”: for the 6
th

 aim: the effect of transverse micro-groove upon 

what? 

- Page 45, under “friction measurements”: the text writes: “The sensor was well calibrated” 

well calibrated is not a good scientific expression. The author should give a short 

explanation of how the calibration was carried out and how was the system compensated 

for the friction in bearings. 

- Pages 47, 48 under “micro-texturing”: the author should give here an image of the cross 

section profile of a micro-dent obtained by the optical profile. Also the spatial distribution 

of the micro-dents should be given; was the diameter/depth of the dents and /or their 

distribution varied? If yes, it should be explained how. If not it should be explained why 

this was considered. 

- Page 49, under “results and discussion”: an oil with a rather high viscosity and pressure 

viscosity coefficient was chosen. The author should explain the reason for choosing this 

oil. It is rather difficult to get starved conditions with such a lubricant. 

- Page 49, equation 6.3: the limiting shear stress also depends of temperature. Why has the 

author ignored this dependence?  

- Page 49, equation 6.4: “a” and “rc” are both defined as radius of the contact.  

- Page 49, equation 6.5: shear rate is defined as Du/h, but in the thesis the sliding speed is 

denoted by us.  



 

- Page 50, line 5: the author states: combination between equations (6.2) and (6.6) gives 

equation (6.8); details should be given, as it is difficult for a reader to see how equation 6.8 

can be derived from 6.2 and 6.6 only. Details of this derivation should be given. 

- Page 50: Equation 6.8 is written in terms of the shear rate but the author then given a 

relationship of the slide/roll ratio. It would be appropriate to write an equation of shear rate 

as a function of the slide/roll ratio so the reader can easily see that the friction coefficient 

depends of this parameter.  

- Page 54: the author suggests that the approach presented in the thesis can be extended to 

practical applications, such as rolling element bearings. - Rolling element bearings work 

with very little (almost negligible) sliding between the raceways and the rolling elements It 

would be useful to have a graph of the friction coefficient for values of the slide/roll ratios 

encountered in rolling bearings. 

- Page 55: a simple and elegant system for replenishing the rolling track in grease lubrication 

is shown; the question is why was not this attached to the disc, instead of the ball? 

- Page 63, figure 6.15: the profile of a micro-dent is shown; relatively high shoulders can be 

seen, produced during the indentation process; surely these would influence the formation 

of the EHD film around the dent; has the author made any attempt to polish away these 

shoulders? 

- Page 66, penultimate line: the author states: “..the large SRR=-1.58 increases the non-

Newtonian behaviour of the fluid (the shear stress becomes close to the limiting shear 

stress) …”.  This is an understatement; in EHD contacts subjected to sliding, the lubricant 

reaches the limiting shear stress at very small slide/roll ratios, that is at about SRR=0.05. 

At SRR = - 1.58 the shear stress has already reached the limiting shear stress long before. 

- Page 67, figure 6.21: experiments at large SRR =-5.6 were carries out. This implies that the 

surfaces move in opposite directions; the author should give an explanation of why such 

large SRR has been tested and what would be a practical application of such value of SRR. 

- Page 73, the author should state which is direction x and which is y; the reader has to guess 

that x is in the sliding/rolling direction. It should also be shown on one of the graphs. 

 

The English is in general correct, with some mistakes listed in an accompanying list. 

 

Given the overall high standard of the dissertation thesis, the quality and number of original papers 

published by the candidate I recommend that Mr Fadi Ali is awarded the degree of Doctor of 

Philosophy (PhD).   
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