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ABSTRACT 

In their recent paper in Building Simulation (Trabelsi et al. 2012), “Assessment of temperatu-
re gradient effects on moisture transfer through thermogradient coefficient”, Trabelsi et al. in-
troduce their assertions on ‘the occurrence of significant thermal diffusion’.  In this comment, 
the premises and outcomes of their analysis are challenged, based on my own recent paper 
on that same topic (Janssen 2011). 
Firstly Trabelsi et al.’s physical model and measurement methodology are critiqued, partially 
based on their own measured results.  Reinterpretation of their data indicates that no consis-
tent nor significant thermal diffusion can be found, confirming vapour pressure as sole signi-
ficant transport potential for diffusion.  This suggests that their physical model, built upon va-
pour density and temperature, is physically confusing and needlessly complicated.  The mo-
del additionally requires a thermogradient coefficient, the measurement of which is complex 
and unreliable. A physical model for vapour diffusion based on vapour pressure, making use 
of the easy to measure vapour permeability, is thus pragmatically and fundamentally prefera-
ble.  The comment finally ends by disputing Trabelsi et al.’s findings on the impact of thermal 
diffusion on moisture buffering: it is argued that they are practically and fundamentally faulty. 
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1.  INTRODUCTION 

Moisture transfer plays a substantial role in the durability and sustainability of built structures 
and in the health and comfort of building occupants, and a dependable evaluation of moisture 
transfer in porous materials is thus crucial in building engineering.  Key issues therein are the 
suitable inclusion of physical transport phenomena, the proper choice of significant transport 
potentials and the reliable measurement of the related transport coefficients.  In that respect, 
thermal diffusion – diffusion of water vapour driven by temperature gradients – remains a hot 
topic.  Based on a critical evaluation of earlier experiments and a theoretical analysis via irre-
versible thermodynamics, occurrence of significant thermal diffusion was recently invalidated 
by Janssen (2011), confirming vapour pressure as sole significant transport potential for diffu-
sion.  Nonetheless, Trabelsi et al. (2012) again put a claim for thermal diffusion forward, built 
on their vapour diffusion model governed by vapour density and temperature gradients.  This 
comment aims at challenging their key messages on significant thermal diffusion by reasses-
sing their premises and outcomes based on my recent paper on that same topic.  
In a first section of their paper, a physical model for moisture transport in porous materials is 
presented: isothermal vapour and liquid transport are expressed with vapour density and ca-
pillary pressure as transport potentials, while these two are complemented with temperature 
for non-isothermal conditions.  Trabelsi et al. therefore support the occurrence of significant 
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thermal diffusion.  The thermogradient coefficient χ is introduced as the new transport coeffi-
cient for this thermal diffusion.  The second section presents the measurement method for χ: 
both an isothermal and a non-isothermal test are required, in which moisture flows, tempera-
ture profiles, and vapour density profiles are to be measured.  Such temperature and vapour 
density profiles are obtained via thermocouples and relative humidity sensors inserted at dif-
ferent locations in the sample.  In the final section the influence of thermal diffusion on mois-
ture buffering by ceramic brick is appraised, by confronting an isothermal and a non-isother-
mal simulation of the moisture buffer value (Rode et al. 2007).  Trabelsi et al. detect that the 
non-isothermal value is 14 % lower than its isothermal counterpart, and they therefore advo-
cate reviewing the currently isothermal measurement protocol. 
As prelude to and backdrop for the concrete comment, the key findings from (Janssen 2011) 
are concisely summarised first: invalidation of the occurrence of significant thermal diffusion, 
and confirmation of the vapour pressure as sole significant transport potential. They are then 
verified once more by reassessing Trabelsi et al.’s measurements in function of vapour pres-
sure and vapour permeability. Having eliminated the foundation of their claims, the comment 
then continues by contesting Trabelsi et al.’s physical model and experimental methodology, 
to finally come to a re-evaluation of their findings on the potential impact of thermal diffusion 
on moisture buffering. 

2.  THERMAL DIFFUSION: FACT OR FICTION ? 

My recent publication ‘Thermal diffusion of water vapour in porous materials: Fact or fiction ?’ 
(Janssen 2011) was inspired by the contradiction between the different investigations on the 
topic.  The thermal diffusion proponents (Kumaran 1987, Dahl et al. 1996, Stephenson 2003, 
Peuhkuri et al. 2008, Galbraith et al. 1998) claim that temperature gradients, complementary 
to vapour pressure gradients, equally yield significant diffusion.  Thermal diffusion opponents 
(Galbraith et al. 1998, Thomas 1999, Glass 2007, Baker et al. 2009), on the other hand, state 
that such thermal transports are negligibly small.  Thermal diffusion proponents hence allege 
that vapour pressure and temperature are both significant transport potentials for diffusion: 

v p T p v Tj j j p T         (1) 

in which jv, jp and jT [kg/m2·s] are global, standard and thermal vapour flows, pv [Pa] and T [K] 
vapour pressure and temperature, and δp [kg/m·s·Pa] and δT [kg/m·s· K] are vapour permea-
bilities for gradients in pv and T.  The thermal diffusion opponents, in contrast, uphold that va-
pour pressure is the sole significant transport potential for diffusion.  Two constraints are vital 
in (Janssen 2011): solely the binary diffusion of vapour and air in porous materials is studied, 
and thermal diffusion refers to diffusion driven by a temperature gradient in addition to diffus-
ion driven by a vapour pressure gradient.  The impact of these limitations with respect to Tra-
belsi et al.’s (2012) article is discussed further below.  As prelude to and backdrop for the ac-
tual comment, the primary findings from (Janssen 2011) are shortly recapped first. 

2.1  Experimental research on thermal diffusion 

Most research on thermal diffusion in porous materials is experimental, and all investigations 
apply the same measurement approach (Kumaran 1987, Dahl et al. 1996, Stephenson 2003, 
Peuhkuri et al. 2008, Galbraith et al. 1998, Thomas 1999, Glass 2007, Baker et al. 2009): the 
vapour diffusion flow through a slab of material under combined gradients of vapour pressure 
and temperature is measured, and compared to the respective isothermal diffusion flow.  The 
first five of the mentioned studies support significant thermal diffusion. They all observe posi-
tive thermal diffusion – from high to low temperatures – with thermal permeabilities δT one or 
two orders of magnitude larger than the respective standard permeabilities δp.  Even while in 
most building science applications vapour pressure gradients are usually far larger than tem-
perature gradients, such thermal permeabilities would have a crucial impact.  The last four of 
the mentioned studies, on the other hand, find no consistent nor significant evidence for ther-
mal diffusion, even while using similar principles and conditions. As the first step in (Janssen 
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2011), the opponent studies were reassessed, but no flaws or errors were found: their obser-
vations and conclusions were deemed to be valid. 
Secondly thus, the proponent studies were re-examined, and all were shown to be flawed, in 
measurement and/or in interpretation.  Kumaran (1987) found significant positive thermal dif-
fusion based on a fairly limited set of heat flow measurements in glass fibre insulation.  How-
ever, when other measurements on similar materials were likewise evaluated, all support for 
consistent and significant thermal diffusion disappeared.  As Stephenson (2003) founded his 
study on those same results, his conclusion was simultaneously invalidated.  Galbraith et al. 
(1996) found significant positive thermal diffusion based on three non-isothermal permeabili-
ty measurements with constant vapour pressure gradient. When the isothermal permeability 
was added to the set however, all support for consistent and significant thermal diffusion dis-
appeared.  Peuhkuri et al. (2008) found significant positive thermal diffusion based on fitting 
non-isothermal diffusion measurements with a transport model comprising vapour pressure, 
capillary pressure and temperature as transport potentials. The determined liquid transports 
were however incompatible with the relative humidity levels.  It was found that the measure-
ments of relative humidity were incorrect, and once corrected, all support for consistent and 
significant thermal diffusion disappeared.  Dahl (1996) found significant positive thermal dif-
fusion based on a comparison of simulations and measurements, but after revealing vital in-
consistencies in his data interpretation, all support for consistent and significant thermal dif-
fusion disappeared.  More details for each study can be found in (Janssen 2011). 

2.2  Thermodynamic analysis of thermal diffusion 

After correction, all studies originally backing ‘the thermal diffusion of water vapour in porous 
materials’ were brought in line with the studies finding ‘no consistent nor significant evidence 
for thermal diffusion’.  In most of the underlying measurements though, the imposed gradient 
in temperature was one to two orders of magnitude smaller than the gradient in vapour pres-
sure, possibly masking the actual occurrence of thermal diffusion.  In the particular measure-
ments with small vapour pressure gradient on the other hand, the restricted experimental ac-
curacy of the experiments was the limiting factor.  To complement the experimental analysis 
on thermal diffusion hence, further assessment, based on a thermodynamic elaboration and 
an application example, was undertaken. 
Irreversible thermodynamics revealed vapour pressure and temperature as governing trans-
port potentials for vapour diffusion in porous materials, thus confirming the existence of ther-
mal diffusion as well as the validity of Equation (1).  The relative importance of standard and 
thermal diffusion was estimated from the ratio of their transport coefficients: 

T p a v v a vC C R      (2) 

where ρ [kg/m3] is density, α [-] a thermal diffusion factor, C [kg/kg] mass fraction, R [J/kg∙K] 
gas constant, and subscript a and v indicate air and vapour.  For vapour pressures from 500 
to 3000 Pa – typical for many building science applications – Equation (2) yields ratio’s from 
-0.25 to -1.5.   The thermal permeability δT is thus of the same order of magnitude as δp and 
negative, indicating that thermal diffusion transpires from low to high temperatures. Note the 
contradiction with the proponent studies reviewed earlier, who all reported positive δT one or 
two orders of magnitude larger than δp. 
To quantitatively exemplify the potential influence of thermal diffusion, the vapour diffusion in 
a plain multi-layer construction was gauged: a concrete wall, with exterior insulation and ren-
dering, was subjected to 1000 Pa and 30 K differences in vapour pressure and temperature. 
Confrontation of a calculation applying both standard and thermal diffusion (with δp and δT of 
equal magnitude but opposite sign) and a calculation using only standard diffusion permitted 
such assessment.  The interesting outcome of the example was the limited impact of thermal 
diffusion on the global diffusion flow: inclusion of ‘equal magnitude but opposite sign’ thermal 
permeabilities reduced the diffusion flow with just 3 %.  This reduction equals the ratio of the 
30 K temperature and the 1000 Pa vapour pressure difference, multiplied with the presumed 
ratio of the thermal permeability to the standard permeability, Equation (2), here taken equal 
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to -1. It can furthermore easily be shown that this outcome remains valid for other conditions 
and other constructions.  Again, more details can be found in (Janssen 2011). 

2.3  Conclusion 

After correction, all proponent studies were brought to agree with the opponent studies.  The 
earlier contradiction in their experimental findings was thus reconciled to attain a convergent 
conclusion: no consistent nor significant thermal diffusion can be distinguished in the measu-
red results.  That outcome was confirmed by thermodynamic analysis: while vapour pressure 
and temperature were revealed as transport potentials, the ratio of their transport coefficients 
implied that the resulting negative thermal diffusion is negligible in magnitude.  
As in many building science applications the vapour pressure differences over a construction 
are often far larger than the temperature differences, it can be concluded that the thermal dif-
fusion of water vapour in porous materials is not important.  That finally suggests that vapour 
pressure is the sole significant transport potential for vapour diffusion for isothermal and non-
isothermal applications:   

v p p vj j p     (3) 

and that only one single transport parameter is hence to be determined, by simple measure-
ment of vapour flow and vapour pressure difference in cup tests.  Funk and Wazili (2008), al-
beit on completely different grounds, come to a similar conclusion. 

3.  A COMMENT TO (TRABELSI ET AL. 2012) 

The conclusion from (Janssen 2011) has considerable implications for (Trabelsi et al. 2012), 
which were actually already hinted at in (Janssen 2011), based on the former papers on the 
topic from their group (Qin et al. 2008a, Qin et al. 2008b ). And even though (Janssen 2011) 
is indeed referenced by Trabelsi et al., its key messages appear not to have been recognis-
ed, thus the particular elaboration in the comment at hand. 
Firstly, Trabelsi et al.’s measurements are reinterpreted, in function of vapour pressures and 
vapour permeabilities.  Upon dissolution of their support for occurrence of significant thermal 
diffusion, Trabelsi et al.’s physical model and experimental methodology are contested.  The 
said impact of thermal diffusion on moisture buffering is then disputed in the final paragraph. 

3.1  Reinterpretation of (non-)isothermal measurements 

Determination of Trabelsi et al.’s thermogradient coefficient χ requires both an isothermal and  
a non-isothermal measurement of vapour diffusion flow through a slab of material.  In the pa-
per, measurements are performed on Joens brick and on calcium silicate, twice, respectively 
with a low and high difference in relative humidity over the sample (case 1 & case 2).  Exem-
plarily I focus on the case 2 measurement on Joens brick here, but the other measurements 
result in similar conclusions.  The vapour diffusion flows are found in their Figure 7b, and are 
translated to 6.2∙10-7 and 5.7∙10-7 kg/m²∙s, for the isothermal and non-isothermal test respec-
tively. Temperature and vapour density profiles are depicted in their Figure 8 for the non-iso-
thermal test; for the isothermal measurement, such profiles are calculated from the visual re-
presentation in their Figure 6.  The temperature and vapour density profiles are first transfor-
med into vapour pressure profiles, which are subsequently used to quantify standard vapour 
permeabilities. 
The resulting vapour pressure profiles are depicted in Figure 1, together with linear regressi-
on results and their coefficient of determination R².   For both the isothermal and the non-iso-
thermal test, linear vapour pressure profiles are found.  Division of the vapour diffusion flows 
by the vapour pressure gradients results in 1.50∙10-11 and 1.52∙10-11 kg/m∙s∙Pa as isothermal 
and non-isothermal standard vapour permeability respectively.  Both observations corrobora-
te that thermal diffusion plays no significant role, and that vapour pressure is the sole signifi-
cant transport potential.  In further support of thermal diffusion, Trabelsi et al. note that “a dif-
ference is consistently found between the mass fluxes under isothermal and non-isothermal 
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regimes”.  These differences are indeed due to the temperature gradients but not in the form 
of the alleged thermal diffusion. The lower temperatures maintained at side 1 during the non-
isothermal tests simply yield lower vapour pressures at side 1 relative to the isothermal tests, 
thus increasing the net vapour pressure differences and the resulting vapour diffusion flows. 

3.2  Physical model and experimental methodology 

As a starter, Trabelsi et al. motivate inclusion of thermal diffusion in their physical model with 
a conceptual exemplar: “if a system at an equilibrium state is subjected to a temperature gra-
dient, a mass motion takes place and the system reaches a new equilibrium”. While that mo-
tion indeed results from the thermal gradient, it is not driven by the alleged thermal diffusion.  
When in equilibrium, the vapour pressures and temperatures in the sample are constant, im-
plying similar constancy for relative humidities and moisture masses. The temperature gradi-
ent then leads to lower temperatures at some points and higher temperatures at other points.  
At a warmer point, the relative humidity declines, disturbing the local equilibrium between re-
lative humidity and moisture mass.  Some moisture mass is evaporated in response, leading 
to an increased vapour pressure.  A decrease of the vapour pressure is obtained similarly at 
a colder point.  That vapour pressure difference between the warm and the cold side is final-
ly driving the mass motion from warm to cold, until equilibrium of vapour pressure is re-esta-
blished. 
While Trabelsi et al. introduce a moisture transfer model for both vapour and liquid moisture 
transport, in this comment only the vapour transport is considered just to shorten the discus-
sion here.  The relative humidity levels applied in the measurements, and the linearity of the 
vapour pressure plus the constancy of the vapour permeability resulting from said measure-
ments all support this reduction.  Now, given that all the considerations in sections 2 and 3.1 
point out that thermal diffusion is (virtually) non-existent for building science applications, the 
temperature-gradient term in Trabelsi et al.’s moisture transport model cannot actually repre-
sent thermal diffusion.  Instead, their term is a mere parasitic term, originating from choosing 
a transport potential deviating from the true potential.  The thermodynamic analysis (Janssen 
2011) corroborated that chemical potential, mass fraction and vapour pressure are all equiva-
lent for both isothermal and non-isothermal conditions, whereas the further conversion to va-
pour concentration is only valid for isothermal conditions: 

v p v p v v p v v v v vj p R T R T D D T                (4) 

where Dv [m²/s] is the diffusivity for vapour.  And while it can be inferred that the latter part of 
Equation (4) is nevertheless a correct expression, the formulation yields crucial physical con-
fusion, and moreover requires an needlessly complicated measurement. 
Trabelsi et al.’s measurement method for the thermogradient coefficent χ is fairly demanding: 
an isothermal and a non-isothermal measurement are required, wherein moisture flows, tem-
perature profiles and vapour density profiles are to be monitored.  It has already been shown 
above in sections 2.2 and 3.1 that this approach is an unnecessary complication, once again 
a result of choosing a transport potential different from the true potential: use of vapour pres-
sure requires only the vapour permeability δp, relatively effortlessly obtainable with cup tests.  
The data from Trabelsi et al. furthermore suggest that accurate χ values are difficult to attain.  
In theory, χ should be equal to ρv/T, based on Equation (4): for the temperatures and vapour 

densities given in their Figure 8, this comes to about 3∙10-5 and 5∙10-5 kg/m³∙K for Joens brick 
and calcium silicate respectively.  Their Figure 9 reveals χ values that are roughly two orders 
of magnitude higher though.  For the Gotland sandstone used for (Qin et al. 2008a, Qin et al. 
2008b), the resulting χ values are equally above the theory level, but in this case just one or-
der of magnitude.  Determination of χ with their Equation (8) requires subtracting numbers of 
similar magnitude though: it is assumed that the propagation of errors on both is detrimental 
for the final accuracy of the resulting χ. 
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3.3  Moisture buffer value 

As a final rebuff, Trabelsi et al.’s findings on the potential impact of thermal diffusion are dis-
puted here.  Given that the actual existence of thermal diffusion has now been clearly invali-
dated, the influence of temperature on the moisture buffer value is to be reassessed. Before 
doing so though, two errors should be corrected first in Trabelsi et al.’s paper.  A minor mis-
take is comprised in their Equation (9), defining the moisture buffer value ‘MBV8h’: the given 
factor ‘10’ has not been mentioned in older definitions (Rode et al 2007, Janssen and Roels 
2009), and should be eliminated to maintain the original physical definition (kg per m² per % 
RH).  A more important error is present in their Figure 11, where a 24-hour simulation of the 
moisture uptake and release is depicted.  Most protocols for moisture buffer value (Rode et 
al. 2007, Roels and Janssen 2006) stipulate that the value should preferably be determined 
from steady-periodic results.  It is evident that the simulations shown in their Figure 11 have 
not reached that state yet. And that makes Trabelsi et al.’s conclusion fairly arbitrary: based 
on the moisture release branch they deduce that the non-isothermal moisture buffer value is 
smaller than its isothermal value; had they however instead considered the moisture uptake 
branch, the opposite conclusion would have been reached. 
Trabelsi et al. then attribute the deviations between the isothermal and non-isothermal MBV 
to thermal diffusion.  Given the thorough falsification of thermal diffusion earlier in this paper, 
that reasoning can of course not be valid. As above, the differences between the isothermal 
and non-isothermal simulations are indeed due to the temperature gradient, but again not to 
the suggested thermal diffusion process.  In the non-isothermal simulation, Trabelsi et al. im-
pose a 10 °C temperature at the back of the 3.75 cm brick sample, leading to an overall low 
temperature level in the whole brick sample.  In the environment above the brick though, 23 
°C is maintained and a variation between 33 and 75 %RH is applied.  With an assumed sur-
face temperature of 15 °C, these conditions transform to a variation from 55 to (+) 100 %RH.  
That explains the differences noted in their Figures 10 and 11: the non-isothermal simulation 
imposes more elevated relative humidities then the isothermal case, thus the quicker uptake 
and the slower release.  This suggests that in the final steady-periodic state, the non-isother-
mal MBV is probably higher than the isothermal MBV: higher levels of relative humidity yield 
higher effusivities and hence higher moisture buffering (Roels and Janssen 2006). 
Based on their positive conclusions on the significant impact of thermal diffusion on moisture 
buffering, Trabelsi et al. finally advise a review of the measurement protocol for the moisture 
buffer value to consider that temperature gradient effect.  They suggest however to consider 
“several isothermal temperature levels”: this appears contradictory as such isothermal levels 
will not produce any temperature gradient and thus neither any thermal diffusion.  But in light 
of the previous invalidation of thermal diffusion, Trabelsi et al.’s advice has lost its foundation 
already anyway. At the end of this comment though, I would like to shortly run with their sug-
gestion. The moisture buffer value was originally intended as an qualitative value to allow re-
lative comparison of different finishing materials and interior objects (Rode et al. 2007, Roels 
and Janssen 2006, Janssen and Roels 2009).  From calculations executed for but not repor-
ted in (Roels and Janssen 2006, Janssen and Roels 2009), it can be derived that evaluation 
of the moisture buffer values at different temperature levels does not significantly change the 
relative performance of different materials. A single evaluation of the moisture buffer value at 
a single temperature can therefore in general be considered sufficient. 

3.4  Conclusion 

The reinterpretation of Trabelsi et al.’s measurement results has shown once more that tem-
perature is not a driving force for vapour diffusion and hence that vapour pressure is the sole 
significant transport potential for vapour diffusion.  This deduction invalidates Trabelsi et al.’s 
(2012) recent claims – as well as the former claims from the same group in (Qin et al. 2008a, 
Qin et al. 2008b) – on the occurrence of significant thermal diffusion.  Such implies that their 
physical model, based on vapour density and temperature, is physically confusing and need-
lessly complicated, as the vapour-pressure-based formulation is far simpler.  Their model ad-
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ditionally requires a quite complicated non-isothermal measurement to obtain the thermogra-
dient factor χ, in which vapour flows, temperature profiles, and vapour density profiles are to 
be determined.  Accurate values for χ are furthermore difficult to attain, most probably due to 
the detrimental propagation of errors in the applied χ expression.  The measurement of stan-
dard vapour permeabilities δp, in contrast, is more reliable and more undemanding.  Trabelsi 
et al.’s physical model of vapour diffusion and their experimental methodology for the thermo-
gradient coefficient can thus not be advocated, nor can their claims about significant thermal 
diffusion of water vapour be supported.  Considering the impact of thermal diffusion on mois-
ture buffering at last, Trabelsi et al.’s findings are practically flawed and their physical reason-
ing is fundamentally invalid. And while temperature certainly does affect moisture buffering, it 
can be argued that its effect probably is not critically important.  Conclusively, most premises 
and outcomes of (Trabelsi et al. 2012) can be considered deconstructed. 
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FIGURES 

1. Vapour pressure profiles for the isothermal and non-isothermal measurements for case 2 
on Joens brick, together with the resulting linear regressions and their coefficient of de-
termination. 
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