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Introduction

The thesis to which this critique is directed, was published in the calendar year 2010. It was,

“Submitted to the Office of Graduate Studies of Texas A&M University in partial

fulfillment of the requirements for the degree of master of Science”

I am a career scientist who has devoted his entire professional career to fluid flow in closed

conduits. I submit this critique as a constructive way to promote my concepts vis a vis the

conventional wisdom.
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The QFFM

The abbreviation, QFFM, stands for the Quinn Fluid Flow Model, which is a comprehensive

novel theory of fluid flow in closed conduits. It was published in the year 2019. It supersedes

all extant fluid flow models on this subject matter, on the basis of experimental verification

applicable to both empty and packed conduits, see Table 1A below.

In this analysis, I will demonstrate that the QFFM is the more appropriate methodology in

which to view the measured data contained in this very thorough study of fluid flow in closed

conduits.

Table 1A
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Methodology

In evaluating any paper, I accept as valid, all measurements of flow rate and pressure drop.

This is a reasonable conclusion since it is broadly accepted that volumetric flowmeters and

pressure transducers are highly accurate. On the other hand, the measurements of particle

diameter and packed column external porosity are universally regarded as fraught with

problems. I then use the teaching of the QFFM to back-calculate the values for the average

spherical particle diameter equivalent, dp, as well as the packed column external porosity, e0 .
The QFFM is the only model capable of doing this because it contains all the variables in the

pressure flow relationship in closed conduits, including a parameter which quantifies the so-

called wall-effect.

Permeability

I typically begin by showing the correlation achieved when using this methodology between

the measured data reported in the paper and the calculated data based upon the QFFM. I

present the QFFM calculated results here in the form of a permeability plot for each dataset,

displayed in Fig 1A-1, Fig 1A-2 and Fig 1B.
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As can be seen from the plots, I have included all datasets, representing the information

reported. I have used the pressure gradient on the y-axis (DP/L) in order to normalize for

conduit length L. Note that there is, virtually, a perfect correlation between the data reported

in the paper for each of the reported datasets and the QFFM calculated data.

This plot, then, represents my bona fides with respect to my analysis of this study which is

totally driven by the accurately measured data of volumetric flow rate and differential

pressure, reported in the many Tables of the thesis.
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Hydraulic Gradient

The QFFM methodology is based upon the Forchheimer model which balances the measured

and calculated data using a quadratic relationship between hydraulic gradient, i = [DP/(rfgL)]

and fluid superficial velocity ms = [4q/(pD2)], where q is the measured fluid volumetric flow

rate, DP is the measured pressure differential, D and L are the measured dimensions of the

empty conduit and g is the acceleration due to gravity. The linear and quadratic coefficients of

the 2nd order polynomial of this relationship, a and b, respectively, also referred to typically as

“Forchheimer Coefficients” are in reality, “fudge factors”, which guarantee a perfect fit

between the measured and modelled data. The hydraulic gradient is calculated based upon

two additional universal variables which are the fluid density, rf, and the acceleration due to

gravity, g. Therefore, the Forchheimer model does not depend on either the value of the

particle diameter dp or the external porosity of the packed column e0 but incorporates two

additional “pegs in the ground” not found in any of the fluid models which pertain to the

linear (laminar) flow regime.
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We point out that, in Hydraulic Gradient plots, both axes are normalized, the y-axis for L and

x-axis for D. Note that the shape of the lines appears to be slightly curved suggesting that

measurements of flow rate and differential pressure are taken in the transitional/turbulent

region of the fluid flow regime. When measurements are taken at higher and higher values of

the modified Reynolds number, however, these lines become increasingly more curved in

shape.

Viscous type friction factor fv - The Q- Modified Ergun Model
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As shown in these plots, we display the datasets as a viscous type friction factor, fv, versus the

modified Reynolds number Rem. The parameter fv = DPe03dp2/(mshL(1-e0)2 , were h is the

absolute fluid viscosity. The parameter Rem = msdp rf /[(1-e0)h] and the relationship shown in

Fig 3A was originally taught by Ergun circa 1951 and it enables the calculation of the Ergun

coefficients A and B as the intercept and slope of the plotted lines. In the plots herein, of

course, the values of A and B represent the coefficients of the Q-modified Ergun model which

means that the original Ergun model is modified according to the teaching of the QFFM. Note

that in the Q-modified model, the value of A is always a constant = 268.19, but the value of B
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is not constant and, rather, is defined by the relationship B = [l/(2pe03)], where l = the wall

normalization coefficient. These values are in contrast to the original Ergun model values of

150 and 1.75 for the values of A and B, respectively. Note also, that the QFFM teaching is

unique amongst all extant models, in as much as it has a built-in methodology to account for

“wall-effect” via its parameter l, which is independently defined on the physics of the

underlying fluid flow. This is in contrast to other models where the wall-effect is erroneously

based entirely on the Reynolds number.

The Wall-Effect Impact Expressed as the value of l

As taught by the QFFM, the primary wall-effect is due to both the velocity and viscosity of

the fluid in the close proximity to a confining wall and was identified as the viscous boundary

layer by Prandtl circa 1930. In addition, a secondary wall-effect is due to the roughness of the

particle surface. The parameter l in the QFFM quantifies the magnitude of the impact of both

these wall-effects on the permeability of any packed or empty column. To isolate the impact

of the value of l, therefore, the QFFM uniquely defines the Dimensionless Permeability

parameter, Q, in a plot of Q versus QN,where Q = 4QN/fv, and QN =Rem/eo3.

Looking at Fig 4A, I note that a value of l = 1 represents that of a packed column which is

free of all wall-effects. Note that all samples in this thesis fall on this line.
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Quinn’s Law- A Universal relationship

In Fig 5A, I display the measured datasets on a plot of PQ versus CQ, which is now known as

Quinn’s Law. The parameter PQ = (4fv), and the parameter CQ = lQN, the former represents the

normalized pressure gradient also normalized for fluid drag: the latter represents the

normalized fluid flow parameter including wall-effect also normalized for fluid drag. Note

that all measured data fall on a unique straight line whose intercept and slope represent the

values of k1 and k2 which are the universal constants in the pressure flow relationship in

closed conduits.

Data Summary

In Table 1A, we display all relevant calculations based upon the teaching of the QFFM.

Table 1A contains the relevant QFFM calculations the all 12 datasets.
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Commentary

Firstly, note that because the particles are all spherical in this thesis, the particle sphericity, Wp,

is 1.0

Secondly, note that the value of l is approximately 1.0 , hence no significant wall-effect in

these samples. The value of l does, however, increase slightly as a function of the declining

ratio of D/dp. Since external porosity, e0, is a function of both particle shape, Wp, and D/dp
ratio, it is not a wall-effect per se.

Conclusions

Based upon my analysis of the data presented in this thesis, I conclude as follows:

1. The measured data in this thesis validates completely the QFFM.

2. The measurements with air were taken at very low differential pressure (less than 1.0

psi) which results in more spread of the data comparison due to accuracy of the pressure

measurements.

3. The measurements with H2O were taken at higher differential pressure (up to 10 psi)

and, accordingly, are more accurate, yielding smaller spread in the data comparisons.

4. The spread of the data comparisons is greater in both the air and water measurements

at lower flow rates. This is, also, because of the greater experimental error at lower

differential pressures.

5. Table 17 data is an outlier because the measurements were not taken at constant

temperature and, therefore, each data point contained an additional measurement for fluid

viscosity and density. This results in more spread in the data comparisons due to increased

experimental error.

6. The QFFM provides a more comprehensive and accurate basis upon which to evaluate

the data in this thesis than any of the other models, which were many, referenced in the text of

the thesis.

7. The thesis, then, suggests that the QFFM is far more reliable than any other extant

model, as of this writing.


