
Journal of Visualized Experiments
 

Wicking tests for unidirectional fabrics: measurements of capillary parameters to
evaluate capillary pressure in Liquid Composite Molding processes.

--Manuscript Draft--
 

Manuscript Number: JoVE55059R3

Full Title: Wicking tests for unidirectional fabrics: measurements of capillary parameters to
evaluate capillary pressure in Liquid Composite Molding processes.

Article Type: Invited Methods Article - JoVE Produced Video

Keywords: Liquid Composite Molding;  wicking;  reinforcements;  tensiometer

Manuscript Classifications: 92.24: Composite Materials; 93.34: Fluid Mechanics and Thermodynamics

Corresponding Author: Pierre-Jacques Liotier
Ecole des Mines de Saint-Etienne
Saint-Etienne, FRANCE

Corresponding Author Secondary
Information:

Corresponding Author E-Mail: liotier@emse.fr

Corresponding Author's Institution: Ecole des Mines de Saint-Etienne

Corresponding Author's Secondary
Institution:

First Author: Monica Francesca Pucci

First Author Secondary Information:

Other Authors: Monica Francesca Pucci

Sylvain Drapier

Order of Authors Secondary Information:

Abstract: During impregnation of a fibrous reinforcement in Liquid Composite Molding (LCM)
processes, capillary effects have to be understood, to identify their influence on voids
formation in composite parts. Wicking in a fibrous medium described by Washburn
equation was considered as equivalent to a flow under the effect of a capillary-
pressure according to Darcy law. Experimental tests for characterization of wicking
were set with both carbon and flax fibers reinforcement. Quasi-unidirectional fabrics
were then tested by means of a tensiometer to determine morphological and wetting
parameters along fibers direction. Procedure was proved to be promising when the
morphology of the fabric does not change during capillary wicking. In the case of
carbon fabrics a capillary pressure can be calculated. Flax fibers are sensitive to
moisture sorption and swell in water. This phenomenon has to be taken into account to
assess wetting parameters. In order to make fibers less sensitive to water sorption, a
thermal
treatment was carried out on flax reinforcements. This treatment enhances fibers
morphological stability and prevents swelling in water. It was proved that treated fabrics
have a linear wicking trend, similar to those found for carbon fabrics, allowing
determination of capillary pressure.

Author Comments:

Additional Information:

Question Response

If this article needs to be "in-press" by a
certain date to satisfy grant requirements,
please indicate the date below and
explain in your cover letter.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



TITLE:  
Wicking tests for unidirectional fabrics: measurements of capillary parameters to evaluate 
capillary pressure in liquid composite molding processes. 
 
AUTHORS:  
Pucci, Monica Francesca  
Department of Mechanics and Materials Processing 
George Friedel Laboratory 
Mines Saint-Étienne 
Saint-Étienne, France 
monica.pucci@emse.fr 
 
Liotier, Pierre-Jacques  
Department of Mechanics and Materials Processing 
George Friedel Laboratory 
Mines Saint-Étienne 
Saint-Étienne, France 
liotier@emse.fr 
 
Drapier, Sylvain  
Department of Mechanics and Materials Processing 
George Friedel Laboratory 
Mines Saint-Étienne 
Saint-Étienne, France 
drapier@emse.fr 
 
CORRESPONDING AUTHOR:  
Pierre-Jacques Liotier  
liotier@emse.fr 
 
KEYWORDS:  
liquid composite molding, wicking, reinforcements, tensiometer. 
 
SHORT ABSTRACT:  
An experimental method to measure geometrical parameters and the apparent advancing 
contact angles describing capillary wicking in unidirectional synthetic and natural fabrics is 
proposed. These parameters are mandatory for the determination of the capillary pressures 
that must be taken into account for liquid composite molding (LCM) applications. 
 
LONG ABSTRACT:  
During impregnation of a fibrous reinforcement in liquid composite molding (LCM) processes, 
capillary effects have to be understood in order to identify their influence on void formation in 
composite parts. Wicking in a fibrous medium described by the Washburn equation was 
considered equivalent to a flow under the effect of capillary pressure according to the Darcy 
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law. Experimental tests for the characterization of wicking were conducted with both carbon 
and flax fiber reinforcement. Quasi-unidirectional fabrics were then tested by means of a 
tensiometer to determine the morphological and wetting parameters along the fiber direction. 
The procedure was shown to be promising when the morphology of the fabric is unchanged 
during capillary wicking. In the case of carbon fabrics, the capillary pressure can be calculated. 
Flax fibers are sensitive to moisture sorption and swell in water. This phenomenon has to be 
taken into account to assess the wetting parameters. In order to make fibers less sensitive to 
water sorption, a thermal treatment was carried out on flax reinforcements. This treatment 
enhances fiber morphological stability and prevents swelling in water. It was shown that 
treated fabrics have a linear wicking trend similar to those found in carbon fabrics, allowing for 
the determination of capillary pressure.  
 
INTRODUCTION:  
During impregnation of fibrous reinforcements in liquid composite molding (LSM) processes, 
the resin flow is driven by a pressure gradient. Capillary effects have an additional effect that 
can compete with the pressure gradient, depending on the process parameters. Their influence 
on the process thus has to be evaluated1,2. This can be done by defining an apparent capillary 
pressure, Pcap, modifying the initial pressure gradient3. This parameter may subsequently be 
inserted into numerical models in order to simulate flows during processes and to accurately 
predict void formation4. 
 
The spontaneous impregnation of a fabric by a liquid (wicking) can be described by the 
Washburn equation5. Originally, the Washburn equation described the capillary rise of a liquid 
in a tube. This equation was then extended for porous structures, such as fibrous 
reinforcements, that can be approximated to a capillary tube network. Considering a cylindrical 
sample holder with a radius, R, filled with a porous medium, the Washburn equation was 
modified in the form of squared mass gain (m²(t)) over time, as follows6: 
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where c is a parameter that accounts for tortuosity, ṝ is the mean pore radius, and  = 1-Vf is the 
porosity (Vf being the fiber volume ratio). All parameters in the square brackets concern the 
morphology and configuration of the porous medium, and they can be consolidated into a 
constant, C, referred to as the “geometric porous medium factor.” The other parameters 
express the dependence of wicking on the interactions between the medium and the liquid 

(through , , and L, which are, respectively, the density, viscosity, and surface tension of the 

liquid, and through a, an apparent advancing contact angle). 
 
In parallel, the flow through a porous medium is usually modelled with the well-known Darcy 
law7, which relates an equivalent fluid velocity, vD, to the pressure drop through the 

permeability of the medium, K, and the liquid viscosity, . This equation also allows for the 
expression of the mass gain over a square root of time and thus for the consideration of the 



   

equivalence between the two equations. From this equivalence between the Washburn 
equation and the Darcy law, the capillary pressure was then defined as follows8: 
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Here, the main focus is to describe the experimental procedure to measure the geometric 
factors and the apparent advancing contact angles for unidirectional fabrics, with the aim of 
determining the capillary pressure. This method relies on using a tensiometer to perform 
wicking tests (Figure 1). A tensiometer is a microbalance with a resolution of 10 µg that 
measures the liquid mass either forming a meniscus around a solid or ascending a fibrous 
medium. Wicking tests were carried out considering a one-dimensional characterization 
(direction along the fibers)8,9. Quasi-unidirectional fabrics used to validate the procedure were 
carbon uni-directional (UD) fabrics at a Vf = 40%. Once the method was validated, flax fabrics 
were submitted to a thermal treatment that modifies the wetting behavior of fibers6, and 
wicking tests were performed with different fiber volume ratios (from 30% to 40%) for both 
untreated and treated flax fabrics. To determine morphological and wetting parameters, at 
least two wicking tests are mandatory: the first one with a totally-wetting liquid, like n-hexane, 
to determine C (Equation 1), and the second one with the liquid of interest, to determine the 
apparent advancing contact angle once C is known. In the first approach, water was used to 
evaluate the procedure.  
 
This method can be applied to different fabrics and liquids, allowing for the evaluation of the 
influence of material geometry (morphology of fabrics), porosity (different fiber volume ratios), 
and viscosity and surface tension of liquid on the capillary impregnation phenomena. It is 
obvious that the procedure according to the Washburn theory (Equation 1) can be adopted 
only if wicking curves (m²(t)) recorded by the tensiometer have a linear trend. This means that 
the parameters in Equation 1 must remain constant during the entire wicking process. If this is 
not the case, as for flax reinforcements in water, because fibers undergo swelling10,11, the 
Washburn equation should be modified to include the effect of swelling in order to describe the 
tests properly9. Treated fabrics were found to be less sensitive to water sorption9. Geometric 
factors and wetting parameters can be measured from linear fits, allowing for the calculation of 
the capillary pressure, Pcap. 
 
PROTOCOL:  
 
Caution: Consult all relevant material safety data sheets. Chemicals used for the tests are toxic 
and carcinogenic. Use personal protective equipment (safety glasses, gloves, lab coat, full-
length pants, and closed-toe shoes). 
 
1) Setup for tests 
1.1) Preparation of samples 
1.1.1) Cut strips of fabric along the direction perpendicular to the fibers (in order to test wicking 
in the fiber direction).  



   

 
Note: The lengths of the strips are calculated in order to obtain a defined fiber volume ratio. For 
carbon fabrics, to obtain Vf = 40%, the length of the strips was 150 mm. For untreated and 
treated flax, to achieve the same Vf, the length was 365 mm. The width of each strip will be 
equal to the height of sample holder, which is 20 mm (Figure 1). 
 
1.1.2) Roll the strips tightly to allow their insertion into the cylindrical sample holder of R = 6 
mm. 
 
1.1.3) Add a thin paper filter between the sample holder and the sample reinforcements (in 
order to suppress the effect of the sample holder on the wicking). The maximum thickness of 
the paper filter should be 0.1 mm.  
 
1.1.4) Insert the sample into the cylinder and screw the drilled cap at the bottom and the piston 
at the top in order to ensure compaction. 
 
1.1.5) Clamp the sample holder with the fabric to the tensiometer. 
 
1.2) Preparation of liquids 
1.2.1) Fill a vessel with the liquid test and place it into the specific receptacle of the 
tensiometer. Use vessels made of borosilicate glass and with a diameter of 70 mm.  
 
1.2.2) For the first test (step 2.1), use n-hexane. For the second test (step 2.3), use water. 
Ensure that the liquid in the vessel reaches a height of at least 12 mm. 
 
1.3) Experimental parameters  
1.3.1) Set the surface detection threshold to 8 mg and the translation speed of the liquid vessel 
at 0.5 mm/s for detection of the liquid. 
 
2) Wicking tests  
Note: After the preparation of samples and the setup of the tensiometer parameters, the 
wicking tests can start. The liquid vessel moves up until the liquid is in contact with the sample 
holder. Then, liquid rises into the sample holder, and the tensiometer measures the squared 
liquid mass gain over time. Data are recorded by the software provided with the tensiometer. 
One curve of mass against time is then visualized for each wicking test. 
 
2.1) Initial test for determining the geometric factor: 
2.1.1) Use a totally-wetting liquid (for which the contact angle is 0°), such as n-hexane.  
 
2.1.2) Stop the wicking test when the visualized curve achieves a constant value. This indicates 
that the liquid has reached the top of the sample holder and thus that the wicking is complete.  
 
2.1.3) Fit the linear trend of the wicking curve (m2(t)) with the Washburn equation: 
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Since the advancing contact angle is supposed 0° with n-hexane, from the slope of linear fit, 
determine the geometric constant, C (mm5). 
 
Note: All tests were carried out under standard conditions at 20 °C. A change in temperature 
will modify the liquid surface tension and the results. 
 
2.2) Cleaning of sample holder for the following tests 
Note: After removing the wet fabric, the sample holder has to be cleaned perfectly to prevent 
errors in the following measurements. 
 
2.2.1) Immerse the sample holder in a vessel with sulfochromic acid (50% of a saturated 
solution of potassium dichromate and 50% of concentrated sulfuric acid) for 30 s. 
 
2.2.2) Rinse it with distilled water and then dry it. 
 
2.3) Second test for determining the apparent advancing contact angle 
2.3.1) Use the liquid for which the advancing contact angle has to be measured with a new, 
identical, and dry fabric sample. 
 
Note: Water was used in order to validate the method. 
 
2.3.2) Stop the wicking test when the visualized curve achieves a constant value. This indicates 
that the liquid has reached the top of the sample holder and that the capillary rise is complete.  
 
2.3.3) Fit the linear part of the wicking curve (m2(t)) with the Washburn equation (Equation 3), 
since the constant, C, is already known due to the first test (step 2.1), with the slope of linear fit 

determining the advancing contact angle, a (°). 
 
Note: All tests were carried out under standard conditions at 20 °C. A change in temperature 
will modify the liquid surface tension and the results. 
 
2.4) Evaluation of the liquid weight contribution due to the sample holder 
Note: The tensiometer, as a microbalance, measures the total mass of liquid, including both the 
liquid ascending in the fabric and the contribution of the external meniscus on the sample 
holder and the wicking in the filter. Those contributions must be isolated. 
 
2.4.1) Put the same amount of filter paper as used in step 1.1.3 into the sample holder and 
repeat steps 2.1.1-2.1.2. 
 
2.4.2) Subtract the constant value obtained (m2) from the data recorded in step 2.1.3 and shift 



   

the curve to assess the correct evaluation of the geometric constant, C.  
 
2.4.3) Fill the sample holder with only the filter paper and repeat steps 2.3.1-2.3.2. 
 
2.4.4) Subtract the constant value obtained (m2) from the data recorded in step 2.3.3 and shift 

the curve to assess the correct evaluation of the advancing contact angle, a.  
 
REPRESENTATIVE RESULTS:  
Curves of mass gain during wicking obtained with the tensiometer for carbon and untreated 
and treated flax fabrics are shown in Figures 2 and 3. All curves are shown after the subtraction 
of both weights of the external meniscus due to the sample holder and filter paper and are 
shifted to zero. 
 
It is possible to observe from the plots in Figure 2 that, with both n-hexane and water, a linear 
fit of Equation 1 with experimental wicking is well-achieved if the fabrics are inserted properly 
in the sample holder. The use of a filter paper is mandatory to ensure the repeatability of 
measurements. This makes it possible to set the constant, C, and then to calculate an apparent 

advancing contact angle, a. Curves reach an asymptotic equilibrium that is given by the height 
of the sample itself, which is limited to 20 mm to ensure the capillary-driven flow. The 
equilibrium weight is due to the saturation of the porous medium by the test liquid. It is thus 

related to the fiber volume ratio and the sample holder inner volume (i.e., porosity, ). With the 

derived constant, C, and the apparent advancing contact angle, a (Table 1), it is possible to 
determine the capillary pressure, Pcap, along the fiber direction for unidirectional carbon fabrics. 
 
Like the carbon fabrics, wicking tests for untreated and treated flax reinforcements were 
carried out. Figure 3 (left) shows experimental curves obtained on five tests for n-hexane. A 
linear trend was observed for both treated and untreated flax fabrics, allowing for the 
determination of the geometric factors. Only a slight difference was observed between 
untreated and treated fabrics, indicating an eventual decrease of tortuosity with treatment, but 
not demonstrating a significant modification of morphology. A significant effect of treatment on 
flax reinforcement is shown on Figure 3 (right). It is obvious that a linear fit is possible on 
treated fabrics, while untreated ones clearly show a non-linear trend. Average results over five 
tests for the three types of reinforcements are presented in Table 1. It will thus be possible, 
after measurements of fabrics permeabilities, to calculate with Equation 2 an equivalent 
capillary pressure for only treated fabrics. Differences in wicking are due to the sensitivity to 
water that induce the swelling of flax fibers. Swelling of natural fibers during wicking causes an 
increase in the fiber volume ratio, which causes the equilibrium weight to be reached more 
slowly. It also induces a smaller equilibrium weight due to the diminution in porosity. The 
capillary rise was already found to be faster for chopped, treated flax yarns; this result is thus 
coherent6. Treatment makes fibers less sensitive to water sorption9, and this can thus explain 
the differences in wicking for untreated and treated fabrics. A modified Washburn equation 
that includes the effect of swelling is then used to fit the experimental data of wicking in flax 
fabrics, allowing for the determination of the capillary pressure, Pcap

9. 
 



   

Figure 1: Scheme of the tensiometer (left) and the cylindrical sample holder (right)8. 
This scheme represents the tensiometer setup (left) and depicts the moving vessel and the 
weighing apparatus, which records the sample weight over time. The sample holder is shown 
on the right part of the scheme. The piston and the drilled cap ensuring the compaction of the 
fabrics can be seen. 
 
Figure 2: Washburn fit of two experimental tests in the x-direction, with n-Hexane (left) and 
water (right). The tests refer to carbon fabrics with Vf = 40%8.  
The aim of this figure is to show that the first part of the capillary wicking graph is linear, 
plotting the squared mass gain against time. It also shows that this is verified for each test 
liquid. 
 
Figure 3: Wicking curves obtained with n-Hexane (left) and water (right) for untreated and 
treated flax fabrics at Vf = 40%9. 
These graphs clearly show that there is a large difference between untreated and treated flax 
fabrics. While a linear fit can be achieved with n-Hexane for both fabrics, it is impossible for 
untreated flax with water. This is due to the swelling of the flax fibers. 
 
Table 1: Average measured values of the geometric product and the apparent advancing 
contact angle on carbon and on untreated and treated flax fabrics. 
This table presents the average values over five tests for each fabric, derived from the linear fit 
of experimental graphs (m2(t)) with the Washburn equation. 
 
DISCUSSION:  
The critical steps in the protocol relate to the preparation of the samples. Firstly, the rolled 
sampled have to be tight in order to make the assumption of a homogeneous fiber volume 
ratio. If there is a tightness gradient in the sample, the Washburn equation 5,6 cannot be used to 
fit the wicking curves. In addition, the boundary conditions between the fabric and the sample 
holder are difficult to control. Thus, the filter paper (1.1.3) must also be carefully inserted into 
the sample holders 8. 
 
Some modifications of the technique can be made to analyze other directions of wicking in 
order to evaluate orthotropic effects in capillary pressure 8. For instance, one can cut strips 
along the direction of fibers, in order to test the wicking in the direction perpendicular to the 
fibers (in the reinforcement plane); or one can cut discs of reinforcements of the cylindrical 
sample holder radius and stack them in order to test wicking in the transverse direction.  
 
However, the procedure is limited by the Washburn hypothesis5. In addition, the method is 
limited in terms of sample size, as neither longer nor larger samples can be processed currently. 
This must be addressed for certain types of weaving, such as larger tows.  
 
This method is currently the only one that allows the determination of capillary pressure during 
spontaneous impregnation. This parameter is of primary importance for the simulation of 
composite manufacturing and void formation in industrial composite parts manufactured by 



   

liquid composite molding processes.  
 
Critical steps may have to be improved for further applications. Modifications of the sample 
holder will be made in order to move all of the actual boundaries. Another future application is 
to use the procedure to determine the capillary pressure with resin, which is the final purpose 
of the LCM processes. 
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Type of fabrics cṝ (µm) qa (°)

Carbon UD 12.1 ± 1.5 74.8 ± 2.3

Untreated flax UD 12.2 ± 1.4 ?

Treated flax UD 15.3 ± 1.3 72.1 ± 1.8
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Name of Material/ Equipment Company Catalog Number Comments/Description

Carbon UD fabrics Hexcel 48580

Flax UD fabrics Libeco FLAXDRY UD 180

n-Hexane Sigma Aldrich

Sulfochromic acid home made toxic and corrosive

Filter paper Dataphysic FP11

Tensiometer Dataphysic DCAT11
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1. Please include a title and a short description for Figures 1, 2, and 3. 

Short descriptions of figures have been added. 

2. Formatting: 

-Line 70 – 71 – Please use the correct font and size throughout the manuscript. 

-Please include spaces between all paragraphs and bullet points in the manuscript. 

-Figure legends should contain a title and a brief description. Please also remove the “title” 

label. 

-Please include filter paper in the materials table. 

Modifications have been made in the manuscript and in the materials table. 

3. Grammar: 

-Please copyedit the manuscript for numerous grammatical errors. Such editing is required 

prior to acceptance, and some errors are indicated below. This editing should be performed 

by a native English speaker, and should especially pay attention to issues of singular/plural. 

-Line 37 – “to determine a capillary pressure” 

-Line 38 – “application” should be “applications” 

-Line 43 – “Washburn equation” should be “the Washburn equation” – several occurrences 

throughout the manuscript 

-Line 44 – “as equivalent”; “to Darcy law” 

-Line 47 – “fibers direction”; “Procedure was proved” 

-Line 48 – “fabric does not change” 

-Line 52, line 126 – “fibers” should be “fiber” 

-Line 53 – Please use “shown” instead of “proved”. 

-Line 71 – Should be “as follows” 

-Line 119 – “Chemical…are…”; Don’t use “please” in a formal manuscript. 

-1.1.1 – “Cut strips of fabrics” 

-1.1.3 – “wicking kinetic” 
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-1.3 – “at the tensiometer” 

-2.4 - “du to sample holder” 

-Line 239 – “well achieved” 

Corrections have been made through the entire manuscript. 

4. Additional detail is required: 

-1.1.4 – Please clarify these actions. What cap? How is it drilled? Typically the top and 

bottom of cylinders are not referred to as “sides”. 

Step 1.1.4 has been modified: “Insert sample into the cylinder, screw the drilled cap at the bottom 

and the piston at the top, in order to ensure compaction.” 

-Section 2 note – Please clarify “The liquid vessel moves up to the detection of holder.” 

The note has been clarified: “The liquid vessel moves up until the liquid is in contact with the 

sample holder.” 

-2.1.1 – When is the cylinder placed in the vessel containing the liquid? 

This has been specified in the text with this assertion: “The liquid vessel moves up until the 

liquid is in contact with the sample holder. Then liquid rises into the sample holder and 

tensiometer measures the squared liquid mass gain over time. Data are recorded by the 

software provided with the tensiometer.” 

-2.3.1 – Is the same fabric placed back in the holder? Is a different piece of fabric used? If a 

different piece, is it prepped similar to the previous piece? 

Step 2.3.1 has been modified: “Use the liquid for which the advancing contact angle has to 

be measured with a new identical dry fabric sample.” 

5. Results: Please discuss the results in more detail in the results section. What do the data 

show? That is, what is the interpretation? Also, please provide results from the analysis (the 

Washburn equation) in a table. 

The results section has been modified moving paragraphs from discussion section and 

adding more details. A table containing average results has been also provided. 

6. Discussion: The majority of both paragraphs should be moved to the results section. A 

critical step (fabric being inserted into the cylinder) and significance (this is the only method) 

appear to be briefly mentioned but should be expanded upon. Please also explicitly discuss 

any troubleshooting/modifications that can be performed as well as the limitations and 

future applications of the protocol. The discussion should not be a discussion of results, but 

should instead focus on the method. 



Discussion section has been modified adding limitations of method and critical steps. 

 

Reviewers' comments: 

 

Editor’s Note:  We do not require in depth or novel results for publication in JoVE, only 

representative results that demonstrate the efficacy of the protocol. However, please ensure 

that all claims made throughout the manuscript are supported by either results or 

references to published works. 

 

Reviewer #1: 

Manuscript Summary: 

The authors present an interesting experimental procedure to characterize the wetting 

properties of fiber reinforcements. 

This work may bring important contribution to composites manufacturing engineering. 

Thank you. 

 

Major Concerns: 

There are no major concerns in the manuscript. 

 

Minor Concerns: 

1. There are a few English issues. 

I suppose they can be addressed during the proof-reading procedure. 

2. The readers may misunderstand Equation 1 because the lower case of c (in the bracket for 

Equation 1) and the upper case of C in the text are used at the same time. 

Please add a new equation or (new term) describing that the upper case of C is the terms in 

the bracket, to Equation 1. 

Equation 1 has been modified adding the equivalent one with the constant C. 

 



3. Please specify the supplier and model number of tensiometer (or microbalance) and of 

paper filter. 

Specifications have been added in the materials table. 

 

Reviewer #2: 

Manuscript Summary: 

The submitted paper is interesting and well prepared. The considered topic is relevant for 

many research groups. 

As a referee and a reader, I found it compelling and convincing, therefore its acceptance for 

publication as is recommended. 

Thank you. 

 

Major Concerns: 

N/A 

 

Minor Concerns: 

N/A 

 

Additional Comments to Authors: 

N/A 

 

 

Reviewer #3: 

Manuscript Summary: 

ABSTRACT: 

An experimental method to measure geometrical parameters and apparent advancing 

contact angle is proposed. These parameters are mandatory to determine a capillary 



pressure, which has to be taken into account for Liquid Composite Molding (LCM) 

application. 

COMMENTS: 

This manuscript is more like a student report for a course project or lab. It does not offer 

anything new and has no contribution to the field and so I do not recommend it for 

publication. Other than lack of scientific contribution, it is written poorly and has so many 

language and editing mistakes. 

CODE: In referring to a sentence, P stands for 'page' and L stands for 'line'. For example: P3L7 

means line 7 on page 3. 

 

Major Concerns: 

1. This paper is not offering any new idea or has no contribution to this field. 

Those works and results have already been published by the same authors with comparable 

bibliography.  

Minor Concerns: 

1. Literature survey is lacking many important recently published papers in the area of 

wicking and capillary pressure. 

2. P3L76: An expression is needed for C to improve clarity of this manuscript. 

This was done, according to reviewer 1 comments. 

3. P4L119: "Caution: Please consult all relevant material safety data sheets before use…." I 

have not seen something like this in a research paper. It looks like this manuscript was a 

student lab report, which was submitted for publication. 

4. Graphs are not clear; there are so many curves with 'markers' that are not distinguishable. 

Those graphs have already been published. 

5. There are so many language and editing mistakes. Here are just few of such mistakes: 

* P1L35: "An experimental method…", which is the first sentence of short abstract, is long 

and unclear. Rewrite it to improve readability of your work. 

This comment is evasive and not easy to take into account. 

* P3L59: "Capillary effects have an additional effect that can compete with …" should be 

written as "Capillary have an additional effect that may be comparable with …" 



The sentence proposed by the reviewer is incorrect. Sorry. 

* P3L61: "This can be done by the definition of an apparent…" should be written as "This can 

be done by defining an apparent…" 

Thank you, this is indeed clearer. 

* P3L64: "and predict accurately voids formation" should be changed to "and predict voids 

formation accurately" 

Modifications have been done. 

* P3L74: "ṝ is a mean porous radius" should be changed to "ṝ is the mean pore radius". 

Of course, thank you, this was a typo. 

 


