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Introduction
The Quinn Fluid Flow Model (QFFM) is a totally new and novel theory of fluid dynamics in closed conduits. The underlying intellectual property is owned by The Wrangler Group LLC (TWG). It has been developed from first principles and applies to fluid flow in both packed and empty conduits across the entire fluid flow regime including laminar, transitional and turbulent. The model has been validated by applying it to classic studies in both categories of flow embodiments and, in each case, to studies in all fluid flow regimes.
The QFFM can be expressed in two formats. The first format is a dimensional manifestation in which the measured differential pressure across the ends of a conduit is compared to the measured resultant flow rate of the fluid according to the relationships dictated by the model among the many independent and dependent variables pertaining to the physical fluid flow embodiment and pertaining to the fluid itself. The second format is a dimensionless manifestation, which we call Quinn’s Law, where all the individual respective contributions to the pressure drop/fluid flow relationship have been normalized between the model’s two entities, which we call the “Quinn reduced pressure” and the “fluid current” and which we denote with the symbols PQ and Qc, respectively. 
Any given combination of the underlying variables prescribed by the QFFM will have a unique pressure drop at any given flow rate. Accordingly, the QFFM is capable of distinguishing between valid and invalid data.  In particular, the QFFM can identify a mismatch between a practitioner’s statement of the values he/she claims to have measured or calculated for the QFFM variables and the practitioner’s measured flow rate and pressure drop. We consider any mismatch to be an invalid empirical result. It follows that for every invalid empirical result there is but one valid corrected result.
Before one can apply Quinn’s Law to any given empirical result that result has to be validated using the dimensional manifestation of the QFFM. This, in turn, is because one cannot normalize properly for all the individual respective contributions unless all the variables are correctly identified and their values are commensurate with the measured pressure drops and fluid flow rates.  In general, we can state that since most of the underlying variables pertaining to a fluid flow embodiment are relatively easy to measure, the correction usually pertains to the more difficult-to-measure variables. In the case of a packed conduit, the problematical measurements include particle sphericity, average particle diameter and conduit external porosity, In the case of an empty conduit, the weak link in terms of measurability is the conduit’s inner wall roughness. 
QFFM is a unique and powerful new tool in the arsenal of the fluid flow practitioner. In particular, when experiments are conducted in the transitional and/or turbulent regimes, the conventional methodology does not provide any reliable way to verify the accuracy of the results across a broad spectrum of Reynolds numbers. Thus, it is in these regions of the fluid flow regime that the QFFM will be shown to be most useful. In fact, it is a direct consequence from the statements contained herein that one needs only to measure pressure drop and fluid flow rate to evaluate the quality of one’s experimental technique. This new development in fluid dynamics means that those of us who have spent our entire lives doing fluid flow measurements can now enjoy the same benefits as our counterparts within the field of electricity and magnetism.

Paper Summary
We review here a published article in Experimental Thermal and Fluid Science 57 (2014) 425-433, entitled “Experimental flow in various porous media and reconciliation of Forchheimer and Ergun relations”, by Dukhan et al. For easy reference to the reader, we print here in its entirety the abstract in the paper.

Paper Abstract
Flow characteristics and pressure drop in traditional porous media, e.g., packed beds of spheres, and in modern man-made fibrous media, e.g., metal foam, are critical in many naturally-occurring and engineered applications. Pressure drop parameters such as permeability and form/inertial drag coefficients reported in the literature are very divergent for both classes of porous media. The choice of an approximated characteristic length; and the selection of a way for correlating pressure drop data have also varied among researchers.  In the current study a large set of experimental data for pressure drop of water flow in three different porous media was collected. The porous media were packed spheres of 1 mm, packed spheres of 3 mm and aluminum foam having 20 pores per inch. The porosity of both sets of packed spheres was practically the same at about 35%, while the porosity of the foam was 87.6%. The internal structure of the two classes (packed spheres and foam) of porous media investigated here are markedly different. The range of flow velocity covered Darcy, Forchheimer and turbulent flow regimes. It is shown that the same porous medium exhibited different values of permeability in different flow regimes. The widely-used equations of Ergun and Forchheimer for the post-Darcy regimes were revisited. An apparent difference between the two famous equations was presented and explained. The two equations were reconciled using the hydraulic radius theory, and the fact that the same porous medium exhibits different values of its permeability in different flow regimes. The multipliers of the viscous term and the inertial/form drag term in the post-Darcy regimes were shown to be connected. The square root of the permeability determined in the Darcy regime is shown to be appropriate length scale for defining and correlating the friction factor and the Reynolds number.

Data Analysis
TWG has performed an extensive evaluation of the above referenced published article utilizing the QFFM.  We commence our evaluation of the paper with an in-depth analysis of the reported data.

In our Fig. A herein, we show an elaboration of Fig. 2 in the paper for the experimental data reported for the 1 mm and 3mm glass spheres as well as the metal foam with the following plotted legends;

(a) Measured –this data represents the measured pressure drops reported in the paper.

(b) QFFM Reported-this data represents the calculated pressure drop values generated by the pressure/ flow relationship embedded in the QFFM (as expressed in its dimensional format), based upon the values reported in the paper for the variables identified in the QFFM as being the determinants of pressure drop for the flow conduit in the experiment.

(c) QFFM Corrected-this data represents the measured pressure drop values reported in the paper based upon corrected values generated by the pressure/ flow relationship embedded in the QFFM (as expressed in its dimensional format) for the variables identified in the QFFM as being the determinants of pressure drop for the flow conduit in the experiment. 


As shown in our Fig. A, the reported values for the flow conduit experimental variables do not compute when evaluated in the dimensional format of the QFFM. We can see that, in the case of the conduits packed with the 1mm and 3 mm glass beads, the measured pressure drops are too low for the corresponding input variables specified in the paper, whereas, in the case of the metal foam, they are too high.  Furthermore, we can also see from our Fig. A that the QFFM corrected variables provide a perfect fit for the measured pressure drops in both categories of fluid flow apparatus.
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In Fig. B herein, we have provided our validation of the paper’s corrected data by a comparison of the data to Quinn’s Law. This normalized relationship is presented herein in the form of a plot of PQ versus QC, which is the frame of reference of Quinn’s Law. This frame of reference is a transformation derived from the dimensional fluid flow relationship embedded in the QFFM. The relationship between these two unique reduced Quinn parameters is linear. However, we chose to present it as a log-log plot herein to provide emphasis at both extremes of the fluid flow regime. This plot is based upon both our own experimental data and independent accepted classical reference data which cover flow in both packed and empty conduits, over the entire fluid flow regime.  (Note that the three distinct flow regimes of laminar, transitional and turbulent are clearly marked in the log-log plot.)  As can be seen, the data reported in this paper, as corrected and as displayed in the form of a plot of PQ versus QC , lines up perfectly with Quinn’s Law

Fig. B
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[Note: we do not herein provide the back-up for the validation of the plot of Quinn’s Law depicted in our Fig. B. For a description of the sources, both personal to TWG and from independent accepted classical references, on the basis of which the Quinn’s Law plot was validated, see the general introduction to this Universal Published Paper Review tab.

                                                                           Conclusion.
We conclude that the results in this paper suffer from deficiencies in the experimental protocols used in the experiments. As a result, there is a mismatch between the measured variables and the measured pressure drop. This mismatch is only apparent and quantifiable in the context of the QFFM and, therefore, can only be corrected using this model. Accordingly, since the authors did not have access to Quinn’s Law when they wrote the paper, they could not have corrected the data before attempting to rationalize it by applying the models of Ergun and Forchheimer. This inherent tendency to modify existing equations to correlate unsubstantiated empirical measurements has long since contributed to the confusion that exists in this field of study  and has had a tendency to create the false illusion that these so-called conventional equations are of some value when, in reality, they are nothing more than invalid relationships.

Moreover, even if the authors applied the classical unmodified equations of Ergun or Forchheimer, for instance, or their own newly-minted modified Ergun/Forchheimer equation, they could not have generated the match inherent in the Laws of Nature between the calculated pressure drops of their chosen equation and their own measured pressure drops – unless, of course, they had serendipitously, or otherwise, identified the same unique equation as that embedded in the QFFM. 


Finally, although a detailed evaluation of the experiments reported in the paper under review, including an identification and quantification of the specific variables in each fluid flow embodiment which we claim the QFFM prescribes need to be corrected, is clearly within the capability of TWG, concerns about maintaining the confidentiality of the QFFM and Quinn’s Law – which, at this time, are still proprietary - dictate that such a development is premature. 


Dukhan Paper
3 mm Spherical Steel Particles
QFFM Corrected	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	174.94832	182.46458240000001	192.38604876799999	205.48238437376003	222.76954737336322	245.58860253283945	275.70975534334804	315.46967705321947	367.95277371024963	437.23046129752959	528.6770089127391	649.38645176481555	808.72291632955648	1019.0470495550146	1296.6749054126194	1663.1436751446579	Measured	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	174.94832	182.46458240000001	192.38604876799999	205.48238437376003	222.76954737336322	245.58860253283945	275.70975534334804	315.46967705321947	367.95277371024963	437.23046129752959	528.6770089127391	649.38645176481555	808.72291632955648	1019.0470495550146	1296.6749054126194	1663.1436751446579	QFFM Reported	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	352.85416721421507	378.84293831853046	413.1481081893694	458.43092064470227	518.2042162494181	597.10494311491539	701.25387121746815	838.73041534606887	1020.199401396591	1259.7383978239404	1575.9297930493435	1993.3023374942086	2544.2339789069711	3271.4636048341977	4231.4065425204872	5498.5310186056277	ms (m/sec)

DP/(Lms)
(KPa.S/m2)


Dukhan Paper
Metal foam
QFFM Corrected	4.9140554281108554E-3	6.4865531651063287E-3	8.5622501779403556E-3	1.1302170234881267E-2	1.4918864710043276E-2	1.9692901417257123E-2	2.5994629870779402E-2	3.431291142942882E-2	4.5293043086846035E-2	5.9786816874636779E-2	7.8918598274520538E-2	0.10417254972236713	0.13750776563352457	0.18151025063625248	0.23959353083985327	0.31626346070860634	20.552536155769591	21.125519823651	21.881857827005163	22.880223279797796	24.198064542904302	25.93761324023496	28.233814828048725	31.264796941182421	35.265687615331082	40.546855356697741	47.517986056038836	56.71986453318263	68.866326179026203	84.899633105545163	106.06357062698534	133.99993456528	Measured	4.9140554281108554E-3	6.4865531651063287E-3	8.5622501779403556E-3	1.1302170234881267E-2	1.4918864710043276E-2	1.9692901417257123E-2	2.5994629870779402E-2	3.431291142942882E-2	4.5293043086846035E-2	5.9786816874636779E-2	7.8918598274520538E-2	0.10417254972236713	0.13750776563352457	0.18151025063625248	0.23959353083985327	0.31626346070860634	20.714050249364497	21.283986329161138	22.036301954492703	23.029358579930367	24.340193325508086	26.070495189670673	28.354493650365285	31.369371618482184	35.349010536396477	40.602133908043356	47.536256758617228	56.689298921374743	68.77131457621465	84.719575240603348	105.77127931759642	133.55952869922729	QFFM Reported	4.9140554281108554E-3	6.4865531651063287E-3	8.5622501779403556E-3	1.1302170234881267E-2	1.4918864710043276E-2	1.9692901417257123E-2	2.5994629870779402E-2	3.431291142942882E-2	4.5293043086846035E-2	5.9786816874636779E-2	7.8918598274520538E-2	0.10417254972236713	0.13750776563352457	0.18151025063625248	0.23959353083985327	0.31626346070860634	0.34332136507072281	0.35840968239638404	0.37832608928533679	0.40461547710048423	0.43931705764698942	0.48512253269234862	0.54558487829436175	0.62539394250799174	0.73074023790319387	0.86979515084729286	1.0533448187556296	1.2956268457701021	1.6154347618978531	2.0375759012159098	2.5947957921516487	3.3303183434424444	ms (m/sec)

DP/(Lms)
(KPa.S/m2)


Dukhan Paper
1 mm Spherical Steel Particles
QFFM Corrected	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	1052.07	1084.2492	1126.7257439999998	1182.79478208	1256.8059123456001	1354.500604296192	1483.4575976709734	1653.6808289256851	1878.3754941819043	2174.9724523201139	2566.4804370625502	3083.2709769225667	3765.4344895377872	4665.8903261898795	5854.4920305706419	7423.4462803532488	Measured	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	1052.07	1084.2492	1126.7257439999998	1182.79478208	1256.8059123456001	1354.500604296192	1483.4575976709734	1653.6808289256851	1878.3754941819043	2174.9724523201139	2566.4804370625502	3083.2709769225667	3765.4344895377872	4665.8903261898795	5854.4920305706419	7423.4462803532488	QFFM Reported	4.7999999999999996E-3	6.3359999999999996E-3	8.3635199999999993E-3	1.1039846400000003E-2	1.4572597248000004E-2	1.923582836736E-2	2.5391293444915201E-2	3.3516507347288074E-2	4.4241789698420256E-2	5.8399162401914742E-2	7.7086894370527459E-2	0.10175470056909625	0.13431620475120704	0.1772973902715933	0.23403255515850319	0.30892297280922426	2270.4138400577935	2346.2082092980045	2446.2567760220331	2578.3208830187555	2752.6455025602063	2982.7539977582919	3286.4972075473929	3687.4382388636141	4216.6803923358993	4915.2800242213625	5837.4315241819095	7054.6714859583417	8661.4282126478101	10782.347063635589	13581.959912494249	17277.448831351609	ms (m/sec)

DP/(Lms)
(KPa.S/m2)
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