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Abstract

This experimental work shows that the natural cotive heat transfer in the active
enclosure of a conventional Trombe wall assemblyenbanced by the interposition of
transparent and vertical partitions. Quantificatimf the average Nusselt number
corresponding to both versions with and withoutipans was carried out by means of a 1/5
scale assembly. The glass cover is maintainedasoth at cold temperature while the active
wall generates a variable heat flux simulating theident solar radiation. The distance
between the two active and parallel walls is vdeiabour ratios between this distance and the
height of the wall are considered, associated wittide range of Rayleigh number reaching
4.1x10. An error calculation is carried out for all theopessed configurations, taking into
account the experimental uncertainties of the nredsphysical parameters. The maximum
error found on the average Nusselt number is |ldwabmut 5%. Measurements made by
means of an interstitial medium without partiti@re consistent with the results of other work
carried out by experimental and numerical approsahapecific ranges of Rayleigh number.
This study reveals the partitions effectiveness¢esithe natural convective heat transfer’s
increase lies betwed®.0% and 14.4%ccording to the considered configuration. Corirehest
are proposed in the present work in order to cateuthe average natural convective Nusselt
number for the conventional Trombe wall withouttgimms and for its improved version, for
any aspect ratio and in the whole range of theidensd Rayleigh number. They contribute
to the optimization of the thermal design of tmteresting assembly.

Keywords
Natural convection, Trombe wall, Architecture, Peniance enhancement, High Rayleigh
number, Experimental heat transfer, Thermal measemés,

Nomenclature

aspect ratid=L/H (-)

thermal diffusivity (nfs?)

thickness (m)

gravity acceleration (m3

local convective heat transfer coefficient (Viit)
average convective heat transfer coefficient (%)
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H height of the active cavity (m)

| current intensity (A)

L distance between the hot and cold walls of thevadavity (m)
Nu average Nusselt Number for the wall without patis (-)

Num average Nusselt Number for the wall equipped watttipons (-)
P generated powe? =Ul (W)

r improvement factor'=100(Nu - Nu)/ Nu (-)

Ra Rayleigh number (-)

S surface of the central strip of the wall3m

T temperature (K)

T, average surface temperature of the hot active (Kall

U voltage (V)

Greek symbols

B volumetric expansion coefficient (K

Am/m relative uncertainty corresponding to a given meagparametem (-)
¢ generated heat flux (W)

A thermal conductivity (WK ™)

H dynamic viscosity (Pa.s)

P density (kg.nv)

Subscripts

a air

Cc cold

h hot

i thermal insulator

pc passive cavity

v glass

w wall

1. Introduction

The architecture and thermal design of the wellvkmd@rombe wall is a proven energy
saving strategy in the building sector. A Trombdl wgaa massive wall covered by an external
glazing area. It is a passive heating and coolysgesns exploit the solar irradiation and the
ambient temperature fluctuations in order to serergy and to transmit it in the indoor space
the preferable time and with the suitable rate.eDfbrevalent passive systems are the solar
chimney, the unglazed transpired solar facade hadyteen walls [1]. Given the changes in
global warming in recent years, the use of suctplmnd efficient systems, presented in [2]
among others, is more relevant than ever and desdol attention of research in this field.
Several works carried out through theoretical, micak and experimental approaches have
been devoted to this assembly and various versiame been proposed to further improve its
efficiency and thermal comfort. In [3], a CFD apach using the RNG k-E turbulence model
has been applied to some Trombe wall configuratmisined by varying various physical
parameters. Their influence on the global energfopmance has been determined and lead to
recommendations for optimizing the operation of Tnembe system. The work [4] concerns
the renovation of buildings with this system iratgbul (Turkey). Results show that renovation
based on the Trombe wall system is much more istiage from the point of view of saving
energy than changing the materials of the existimgelope. Some configurations are presented
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in the review [5] where other useful informationdadata concerning this assembly are
available. The study [6] shows that indoor tempegtcan be increased by the heating
configuration of the Trombe wall and that the cguafation efficiency is of about 10%. This
interesting assembly has shown its adaptabilitwanous parts of the world. It has been
implemented among others in a subtropical locdffgras well as in Egypt [8] and Tunisia [9]
where the Transient System Simulation Tool (TRNS%& been used to confirm the effects
of the wall area on the energy performance. Thethermal phenomena occuring in the
Trombe type assembly have recently been analyieathmined in [10] in order to determine
the optimal conditions for thermal comfort. Thedstishows that these conditions can improve
thermal comfort by about 38% during a typical winteeek. Dimensional analysis based on
the TeBuckingham theorem is used in [11], applied toeatitated double facade. The many
physical parameters considered in this work leagkteral dimensionless numbers, allowing to
determine heat transfer throughout the wall by rmeainsome measurements, without using
complex and expensive simulations.

Natural convection occurring in the active cavity the Trombe type installation
strongly depends on the incident solar radiatiopedéeing on several factors, including wall
location and orientation, and time. Sun’s heighbwabthe horizon, shadows worn by the
objects and architecture of the building itselieafiead, in the current installations, to a non-
uniform distribution of solar heat flux on the raattive wall of the cavity which needs to be
taken into account for a correct thermal sizingtioé assembly. This aspect has been
examined in previous work applied to electronicslicg. Particular configurations have been
treated in [12], dealing with straight cavities vgbovertical hot wall is equipped with heat
sources distributed with different arrangementse $tudy shows the importance to consider
the heat flux distribution in order to optimize tlkeaclosure global thermal conductance.
Similar work was numerically performed in [13], deg with natural convection in a
rectangular enclosure containing a liquid coolifigne flow is generated by a hot plate
equipped with a 3x3 heater array. The study shbafssheat transfer from the discrete heaters
is not uniform while it is not influenced by theaRAdtl number varying from 5 to 130. The
experimental work [14] deals with the same cavitgd ghe 3x3 heater array. The convective
heat transfer is quantified for each array by mesdrtee Nusselt number in a wide Rayleigh
number range. The work [15] dealing with naturaiection applied to electronic cooling by
means of water-Copper nanofluid in a rectangulaitgavhose hot plate generating heat flux
is equipped with an array of heaters also showsiesheat transfer is different on the rows.

The energy efficiency of the Trombe wall mainly deds on the natural convective
flow occurring in the upstream cavity called «wegticavity » in the present work. Natural
convection occurring between the glass cover aedcHpacitive wall depends on several
physical factors. Among the most important aredant solar flux, wall orientation, thermo-
optical characteristics and thickness of glass cowall absorption factors, internal walls
emissivity, wall height, distance between hot aaldl @ctive walls, and characteristics of the
materials potentially arranged in the intersticpasating these active walls. Finally, it is
necessary to know the natural convective transtefficient corresponding to the active
cavity in order to correctly size the assembly frhra thermal point of view. Some Nusselt-
Rayleigh type correlations are available in thecsized literature dealing with natural
convection, such as [16]. However, these corraiatiare only applicable for particular
boundary conditions and it is difficult to find celations specific to the Trombe wall and
valid for all real conditions. This is what motiedtthe present work in which a correlation is
proposed, resulting from thermal and electrical snmeaments on a 1/5 scale prototype with
two configurations. The first one deals with a sthowall and the second with a wall
equipped with transparent and parallel partiticarsanged vertically. The distance between
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active walls is variable, leading to three valutthe aspect ratio of 0.1, 0.2 and 0.3, while the
Rayleigh number based on the incident solar fluiegawithin a wide range from 2.818®
4.14x16. Measurement uncertainties taken into accounhé drror calculation lead to a
Nusselt number determined with a relative uncetyaoh about 5%. Correlation obtained with
the least squares optimization method is associaitda high coefficient of determination.
The results of this work are consistent with thoé®ther previous studies numerically and
experimentally performed in particular Rayleigh menranges. The correlation proposed in
the present work allows determination of the avenagmber for any aspect ratio value and in
whole Rayleigh number range. It contributes todp&mization of the thermal design of the
Trombe wall system.

2. The considered assembly

The purpose of this work is to quantify through esmmental measures the natural
convective heat transfer concerning the activetgafithe Trombe wall type assembly when it
operates in heating mode as schematized in Fig. 1.

%

AR A AR AR Y

Fig. 1. Scheme of the considered assembly. Trombe wathtipg in heating mode

The assembly tested at scale 0.2 is presentedtietinstrumentation used in Fig. 2a.
The associated passive cavity located at the biitieavall is shown open in Fig. 2b.

Fig. 2. (a) Assembly and instrumentation; (b) detail & tdpen passive cavity; (c) the
Hot Disk TPS 2500 equipment
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It consists of the four parts detailed as follows.

2.1. Outside glass cover

A square glass cover (1) of sidédi=550+1mm and thicknesg,=3.05+0.02mm is
installed at the front of the assembly in ordeptoduce the greenhouse effect necessary for
the operation of the Trombe wall system. The spettof its transmission factor and its
monochromatic extinction coefficient are measursgd nbeans of spectrophotometers. Its
thermal conductivity has been measured by usingHbe Disk TPS 2500 equipment [17]
presented in Fig. 2c based on the Transient Planec® method [18,19]. Many measurements
have been done with samples of thickness varyingden 5 and 40£1mm arranged on one
side or on both sides of probes adapted to theidenesl material. The measured thermal
conductivity remains relatively constant in the sidered temperature range (0-90°C) achieved
thanks to a thermoregulated oven at +0.5°C. Maxindewiation is of about 4.1%. Finally, the
value 4,=0.95+0.02 WimtK* is adopted. The glass cover maintained isotheatn@mperature

T, constitutes the cold active wall of the assemblyriiy the tests, this thermal condition is

imposed to +0.5°C by installing the entire assenbly large climatic chamber (height 2m,
length 2.5m, depth 2m) whose temperature can bdategl between -5 and + 52°C +0.5°C.
This temperature-controlled climate chamber alslowal assembly testing at different
temperatures, and thus thermal behavior understgragicording to the period of year.

2.2. Thewall

The wall (2) in Fig 1 constitutes the active hotllved the Trombe wall. It is made of
concrete with thicknesE,=60+1mm and thermal conductivit§y=1.42 Wm'K measured
with the same TPS method and accuracy as for #ss glover, using probes and a technique
adapted to this material. A hot plate is insertethe median plane of this wall. An electrical
device allows generation of the desired heat flaxesponding to the incident solar flux. Vents
(4) in Fig. 1 located at the bottom and top of tnl allow air entering and exiting in the
active enclosure. The heating plate consists ofefical strips of 3 independent electric
resistances juxtaposed (Fig. 3a) and of the samfi@csu They are manufactured with resistive
tracks of 0.20+0.03 mm width separated by 0.12+0r08 over a conventional single-sided
Printed Circuit Board (PCB) 2mm thick epoxy witlcapper layer of 3um thick. The PCB
equipped with thermocouples and electrical wiriagniegrated in the median plane of a mold
in which concrete is poured. The hot wall (Fig. &}¥quare (sidel=550x1mm;E,=60+2mm
thick)

@ W)

Fig. 3. The hot plate (a) schema (b) photography
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Electrical wiring and thermocouples emerge fromhlmtes of the wall to avoid possible
interference. Electrical resistances have the sahees, within £2%, in the temperature range
considered in this work. The average steady statace temperature of this wall is denoted as

T, .Itis obtained through the arithmetic average eflttal temperatures.

Two configurations are treated in this work:

« simple wall (conventional Trombe wall, Fig. 4a);

» wall equipped with vertical and transparent piars (Fig. 4b) in glass of length
L,=0.8, with the same thickness and thermo-optical charastics as the exterior glass cover.
The partitions are vertically arranged between heating strips and embedded in the wall.
The purpose of replacing the large convective gawt vertical elongated compartmentalized
cavities is to modify the overall natural aerodymesrof the assembly and consequently to
increase the global natural convective heat trangfiethis configuration, the partitions are
remote from the outer glass cover as detailedardtagram of Fig. 4b.

| |
| L Ll T Tl

Fig. 4. Diagram of the assembly and its profile view
(a) without partitions (b) with vertical partitions

2.3. The active cavity

The natural air flow occurs in the interstitial med between the hot and cold active
walls distant byL=55, 110, 165 and 220+1mm. This distance is adjuste¢he present study
by sliding the glass into one of the slots providedhe assembly (Fig. 2a). The resulting
aspect ratioA=L/H is of 0.1, 0.2, 0.3 and 0.4. This cavity genegatihe natural convective
flow quantified in the present study constitutes dgtive part of the assembly.

2.4. The passive cavity

When the Trombe wall is in heating mode, the aimmic@ from the active cavity is
introduced into a so-called passive cubic cavifyinternal sideEpc=550+1mm. This cavity is
thermally insulated on its internal faces with slaif extruded polyurethane ((3) Fig. 1) of
thickness E=40mm and thermal conductivityp=0.03 Wm'K! measured with the TPS
method. This insulation makes it possible to sthpmgduce or even cancel the conductive
losses towards the outside environment. It is keddhat the present work does not examine
the dynamic operation of the Trombe wall. The esisle objective of the present study is to
qguantify the natural convective heat flux occurrimg steady state in the active cavity.
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Knowledge of this heat flux is essential for thembe wall’'s thermal sizing in a wide range of
the Rayleigh number defined as

_gpLl'p
Lla

Ra

(1)

wheregq, S5, p, 4, A anda are air volumetric expansion coefficient, densitynamic viscosity,
thermal conductivity and thermal diffusivity, whilgis the gravity acceleration amgd the
generated heat flux.

3. Thermal measurements

Thermal field is measured by means of K type thewnples of 0.1mm in diameter.
After conventional manufacturing through weldingey are systematically calibrated in a
thermoregulated bath between 2 and 87°C, by step¥ A second calibration is done later
in situ when all the thermocouples of the assendnly installed in the assembly. This
calibration is carried out by arranging the assgmibl the climatic chamber and using a
calibrating thermometer with an accuracy of £0.1T®ermocouples of the assembly are
connected to a fast data acquisition system ((Ejgn2a) controlled by a computer ((3) in Fig.
2a). Temperature of the glass cover is measurBgaints distributed on its diagonals. During
the measurement, deviations between the 5 tempesadte of about 0.1°C, since the assembly

is installed in the thermoregulated climate chamibie cold temperature of the assembly

is the arithmetic average value of the local terapges. Surface thermal state of the passive
cavity is also measured at several points: 5 oh e&the 6 internal walls and likewise on the

other (external) face. They make it possible toficanthat the conductive losses through the
walls are negligible. However, the present studgsdoot involve these temperatures since it
only concerns the convective exchange in the actwéy.

Wall temperature is measured:

* on each resistance of the heating plate in 3 pdistsbuted on a diagonal, the welds of
the thermocouples being stuck on the back fackeoplate (on the resin);

» at the surface of the wall (convective flow side) each of the 5 vertical strips
corresponding to the heating resistances: 15 orceéhéal strip (5 by resistance) and 10 on
each of the other strips. Thermocouple welds astalled on the surface with great care,
because the surface temperatufgsare decisive for the data processing leading &ntiiy
convective heat transfer. Surface temperature efrtbulating side wall is measured with the
same number of thermocouples as on the convedtifface. They are used to control the
thermal state of the assembly through a thermalnoal and also to evaluate the conductive
losses through the insulating material.

* in three points on each patrtition: at its basegiiid, and its middle.

For each processed configuration, the consideregpdeatures are those obtained in
steady state when the maximum fluctuation of athgeratures is less than 0.5%. This
condition is reached after approximately 2 to 4rkoof testing, depending on the processed
configuration. The slowest correspond to the loviResgleigh number, the highest aspect ratio
and a partitioned active wall.

4. Electrical measur ements
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Hot plate’s electrical resistances are measurealighr a high resolution multimeter-
multiplexer (3x16 points) incorporated in the data logger. Theyideatical within +2% in a
wide temperature range of 0 to 90°C correspondmghe intended tests. Resistors are
independently electrically powered through a mcittannel stabilized power supply ((4)
Fig. 2) whose average precision is of £0.1%. Cunmensity | and voltage) that determine
the power generated in each resis=Ul are measured with a precision of +0.1% and
0.07% respectively. The relative uncertainty cqroegling to the generated power is
determined by means of the derivative method usedexperimental techniques as
(AP/P=4U/U+A4I/l). Its value ranges from 0.2 to 0.4%, accordingthe values of the
considered couplel U ). Measurements are made in real time by meansetand fast data
acquisition system. Electrical measurements corsiden the subsequent calculations
correspond to the thermal steady state.

5. Quantification of natural convective heat transfer

Given the geometry of the processed assembly, ctimeeflow in the active cavity is
considered two-dimensional. Only the temperatufefe central column are then considered
to determine the distribution of the local conveetheat exchange coefficiemand its average

value h . A preliminary calculation has been made in ofdedetermine the contribution of
radiation in the global heat transfer. This workswaerformed through the known radiosity
method detailed in [20] considering as grey all iliternal elements of the enclosure. Their
global IR emissivity varies between 0.06 and 0.Y%), measured by means of the
conventional vacuum technique method. Thanks tocestson of the latter with the thermal
field obtained for the highest value of the trea®ayleigh number, considering the glass cover

as a single isothermal element at temperatliye calculation shows that radiation is
negligible, varying between 1 and 3% of the ovenalt transfer. The lateral conductive losses
are neglected taking into account only the therdad& of the central column. Losses at the
back of the wall were evaluated by using the terpees measured on the inner and outer
faces of the insulating board, corresponding asipusly for the largest value of the Rayleigh
number. The calculation based on the linearizedri€olaw associated with the measured
thermal conductivity of the insulator shows tha¢ flosses by pure conduction through the
insulator are very low, varying between 1 and 2%hefglobal heat flux. Given these results,
the heat flux generated by the heating plate isosintompletely exchanged by natural
convection in the active cavity. The powegenerated in the central column of the wall allows
determination of the corresponding heat flug=P/S whose maximal uncertainty

A¢ | ¢ =APIP+24H/H ranges from 0.6 to 1%.
The average natural convective heat transfer aieffi h is determined by means of
the heat balanca =@ (T, -Tc) and then the average Nusselt number with

Nu=h L/Ja (2)

whose corresponding relative uncertaidtyu/ Nu (¢ /¢ +2 AT/(T, -To)+AL/IL ranges
between 1.4 and 2.3%, obtained by neglecting tleentginty corresponding to air thermal
conductivity Aa. Considering a complementary margin associatedh Wi the relative

uncertainty retained in this work fdvu is rounded to 5%.
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6. Resultsfor the wall without partitions

The convective heat transfer for the aspect rati0.1 is quantified through evolution
of Nu versusRa presented in Fig. 5(a), for all the treated valokethe generated heat flux.

Values of Nu are accompanied by the corresponding uncertairgggim. Evolution is of
power type as confirmed by the logarithmic versadrnFig. 5b. Values processed with the
least squares optimization method lead to the lativa

Nu=0.424Ra0225

3)

associated with a high coefficient of determinatan0.997, valid in the whol&a range

varying between 2.81x2@&nd 4.14x18

n @ (b)
NU 1 : NU | 042440225 gﬁ
60 - gﬁ
50 - ; P
4 é
3 A=0.1 A=0.1
40 1
i Ra § Ra
30 — e —————rrm 30 ——rr——
1E+08 1E+09 1E+10 1E+08 1E+09 1E+10

Fig. 5. Evolution of Nu versusRa for A=0.1. Wall without partitions.

Measurements performed for the other treated aspgos @ =0.2, 0.3 and 0.4) show
that the spacing between cavity’s active walls imwps the average convective transfer in the

whole Ra range, as presented in Fig. 6. Increaséofis of about 11.3% wheA increases

between 0.1 and 0.2, 13.2% whénincreases between 0.1 and 0.3, and 13.8% when
increases between 0.1 and 0.4. Their evolutions @mmmodeled with the power type
adjustments shown in Fig. 6a, whose coefficientdedérmination are respectively of 0.991,

0.992 and 0.996.

80 - 80 -
N_U i (a) m 0.309Ra0-245 (b)
70 £ f

] il d S z}

é _.;:»""“ ﬁ

60 - é %‘ﬁ“{* 0.386Ra0-235

i é R =
50 o é {& 0.1

F i 50.1 .' L A .

1 3 o033 A e 0.3
40 - «04 é \ *0.4

: $ Ra Y 0.424Ra0225 Ra
30 — . T 30 —— T - T

1E+08 1E+09 1E+10 1E+08 1E+09 1E+10

Fig. 6. Influence ofA on Nu. Wall without partitions.
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In order to obtain a simple correlation allowingoegriation of the influence ok on

Nu, taking into account the uncertainty margins aisgsed with the measurements, and
keeping the original slope (0.225), data proceskads to the following result:

Nu=(-1.038%+0.74A+0.36)Ra%2% 4)

Deviation between the values obtained through ¢biselation (4) and measurements
results is low, ranging from -1.7% to 2.5% and dfi@re included in the experimental error
margin. Results of this work have been compardtidse of previous studies concerning this
low aspect ratio rectangular cavity, dealing withevRa ranges. Values presented in Fig. 7a
correspond to those of [14], valid for (#®a<10"; A =1/6) and [13], valid for (1&xRa<10?
A=1/7.5). Adjustments presented in Fig. 7b for [(4f<Ra<10’) and [13] (16<Ra<1(®) are
of the power type. They show a coherence betweernvatues obtained for thea ranges
corresponding to [13, 14] and those concerningoteeent studyRa>2.8x1().

100 7 100 1,

(a) — 0.225 (b)
NU P NU 0.424a02%
2 0.36QRa0212 AW
= &
o 0.38Ra0213 P!
10 4 S 10 ; P
8 o Ref. [13] o Ref. [13]
+ Ref. [14]
L4 « Ref. [14]
L 2 Present work
® A Present work '
° 9 Ra © Ra
1 r r r r ™ 1 T m T n
1E+01 1E+03  1E+05 1E+07 1E+09  1E+11 1E+02 1E+04 1E+06 1E+08 1E+10

Fig. 7. Comparison with results of [13] and [14]

Results of [13] also show that for these low caaspect ratio:

« Nu values are small and close to unity Ra<10® which is indicative of a stagnant
convective flow (pure conductive regime).

» the exponent dRa is low, varying between 0.204 and 0.225. This nmatgeinfluence
of A was also shown in the study [21], performed wittmngated cavitiesA=0.75
and 1.5) filled with air in the range*Ra<10?.

7. Resultsfor the wall equipped with partitions

For this configuration, measurements were maderuh@esame conditions as for the
previous wall without partitions. Likewise, only etmal and electrical measurements
concerning the central band are taken into accobmblution of the Nusselt number

corresponding to the walls without and with pastis, denoted adlu and Nun. respectively
are presented in Fig. 8(a-d) f&=0.1, 0.2, 0.3 and 0.4 with the corresponding uaa#y
bars. These results confirm the effectiveness ef wall equipped with partitions. The
aerodynamic phenomena occurring in these elongadedies systematically increase the
average Nusselt number in the whole consid&adange for the four considered aspect
ratios.
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Fig. 8. Improvement of the average Nusselt number withrpasition of partitions in the
wall for A=0.1, 0.2, 0.3 and 0.4

The improvement factor

r*=100(Num - Nu)/ Nu (5)

presented in Fig. 9 shows an increase of averageective heat transfer between 10.0% and
14.4%, with average values of 11.5%, 11.9%, 11.8% ¥.0% forA= 0.1, 0.2, 0.3 and 0.4
respectively. Improvement is more pronounced ferlthw Ra values. Taking into account the
measurement uncertainty, the average remainsva@atmaintained for the four considered
aspect ratid\.

In summary, interposition of vertical partitiondeto enhance the natural convective
heat transfer | the active cavity of the Trombelwabr the modified version examined in this

work, the corresponding average Nusselt numies could be determined by means of the
correlation

Num=(1+r") Nu (6)

being Nu quantified in Eq. (4) while'=13.5% and 10.9% in the (2.8110.32x1@) and
(2.22x16-4.14x10) Ra ranges respectively
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Fig. 9. Evolution of the improvement factor versusRa for A=0.1, 0.2, 0.3 and 0.4

To make this article easier to read, the valueghef main parameters and the
measurement uncertainties are summarized in Table 1

Table 1 Values of the main considered parameters

Parameter Value/ Uncertainty
A aspect ratio A=L/H=0.1-0.4 step 0.1 (x0.1%)
a air thermal diffusivity 2.03x10-2.85x10° n’s? (+3%)

: Ev=3.05£0.02mmE,=60+1mm;

B thickness Ei=40mm=+1mm:E,c=550+1mm
H height of the active cavity H=550mm (x1mm)
L distance hot-cold walls L=AH (x1mm), L,=0.8L (x1mm)
rr improvement factor r'=10.0%-14.4%
Ra Rayleigh number 2.81x¥@.14x16
B air volumetric expansion coefficient  3.09x%8.47x10° (+1%)

4U/U=0.1%;41/1=0.07%;

Am/m relative uncertaint _
y APIP=0.2-0.4%:ANu/ Nu=5%

2:=0.021 Wm'K L (+1%);
A,=0.95+0.02 Witk 1(+1%);

A thermal conductivity du=1.42 Wit (£196)
1,=0.03 WmK ! (+19%);

U air dynamic viscosity 1.82x102.05x10° Pa.s (+1%);

P air density 1.028-1.204 kg:Ff+1%)

8. Conclusions

This experimental work quantifies the natural caitive heat transfer occurring in the
active enclosure of a Trombe-type assembly, Reshulisvs that its performance is improved
by using a simple device which consists in thintigat and transparent partitions.
Measurements carried out in steady state condiaadscontrolled thermal environment show
that the average natural convective heat transferbe improved between 10.0% and 14.4%

A. Bairi et al., Enhancement of natural convectimnifnprovement of Trombe wall performance.
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depending on the aspect ratio of the cavity defiaedhe ratio between the distance between
the active walls and their height. Improvement|sanore sensitive for the low Rayleigh
number values considered in the tests, which eresting as they correspond to low solar
heat flux values. The study also shows that ineredghe aspect ratio between 0.1 and 0.2
enhances the natural convective heat transferaratiive cavity of about 13%. The Nusselt
number only slightly increases for higher aspetibran the whole range of the Rayleigh
number considered in this work. Measurements ansistent with the results obtained in
previous studies for similar cavities and otheigemof the Rayleigh number.

Lastly, correlations are proposed to calculate &éfverage natural convective heat
transfer for the Trombe wall without partitions aflod its improved version, according to the
cavity's Rayleigh number and aspect ratio. Therebwgtributing an effective strategy for
optimizing the thermal sizing of a Trombe wall'sasbly.
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