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The pres ent work is part of re search pro ject ti tled “Mod el ing, Sim u la tion, The o ret i cal and
Ex per i men tal Ther mal Studies of Ghardaia Lo cal Cli mate. Ef fect of Ther mal In su la tion”.
The main ob jec tive of the cur rent work was to de ter mine the tem per a tures of the build ing in
ques tion with or with out ther mal in su la tion. This pa per pres ents ex per i men tal and the o ret i -
cal stud ies of two rooms ther mal be hav iour. These rooms are two parts of an apart ment
build ing lo cated in semi arid area (Ghardaïa). A math e mat i cal model de scrib ing the ther mal
be hav iour of these rooms in ques tion was de vel oped and elab o rated. These stud ies al lowed
also room in ter nal tem per a ture evo lu tion pro file to be de ter mined. Through nu mer i cal sim u -
la tion it has been found that the ap plied in su la tion layer re duced the losses of win ter and
main tained an ap pro pri ate tem per a ture. It was found that the the o ret i cally found re sults
were con sis tent to an ac cept able level with those found ex per i men tally.
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In tro duc tion

The heat is spon ta ne ously trans mit ted from the hot ter me dium to the colder one. The eco log i -
cal ther mal com fort re quires a rig or ous con trol of this heat trans fer. Ther mal in su la tion is among of
sought har mo nies. In win ter, it keeps heat losses through walls cav i ties min i mum. The eval u a tion of
apart ment ther mal loads is a com plex pro cess that takes a con sid er able amount of time and rep re sents
the most im por tant steps in bioclimatic de sign. There fore, the tem per a tures cal cu lus and also dy namic
as pect per cep tion of heat trans fers con sti tute the ma jor un der tak ing of the pro cess. This im plies ne ces -
sity to em ploy a more ad e quate, ac cu rate, and fast nu mer i cal meth ods and to be equipped with a so phis -
ti cated tools in or der to com pute tem per a tures val ues. Con ceived to sat isfy such need Runge-Kutta
fourth or der nu mer i cal method en ables better de scrip tion of walls ther mal be hav iour sub jected to vary -
ing load. In deed an in ter ac tive pro gram en abling better de scrip tion of heat trans fers through wall cav i -
ties in dy namic re gime was elab o rated. The re sults and rec om men da tions of the pres ent work are based
on pre vi ous val i dated mod els [1-6].

Ghardaïa Sa ha ran oasis is sit u ated at the south of cap i tal (600 km); these ar eas known by their 
semi arid cli mate char ac ter ized by the short age of wa ter fall (160 mm per year).Very high di ur nal tem -
per a tures in sum mer and low tem per a tures in win ter (frosts from De cem ber to mid-Feb ru ary).

De scrip tion of typ i cal house plan

In or der to de ter mine room tem per a ture changes, it is ap pro pri ate to use the en er getic bal ance 
while keep ing in ter est es sen tially into in ter nal tem per a tures. The lat ter are com pared to those ac quired
in the case where the walls would be shaded and coated with an in su lat ing air lame and an ex tra layer of
poly sty rene. In this con text it is judged nec es sary to use the house plan for dimensioning and char ac teri -
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sa tion of the room. This
ma neu ver al lows form fac -
tor to be de ter mined which
is a purely geo met ric fac tor 
in flu enc ing the heat trans -
fers through ra di a tion be -
tween dif fer ent sur faces. 

A typ i cal most com -
monly used con struc tion
in the re gion had been cho -
sen. The fig. 1 is a sche -
matic out line of real apart ment build ing sit u ated whether at the ground or at the first floor of two
storey build ing. This hab i tat in cludes the fol low ing el e ments.
– Building envelops or outer wall consisting of a heavy structure generally constituted 40 cm of

stones jointed and surrounded by two layers having thickness of 1.5 cm of mortar cement. The
most inner face is coated with 1 cm thick plaster layer.

– The inner walls (or splitting walls) whose sides are in contact only to the internal ambient are
considered to be of heavy structure constructed of stones of 15 cm width jointed and surrounded
by two mortar cement layer of 1.5 cm thick and two layer of 1cm thick of plaster.

– The flooring is placed on plan ground to lodge the ground floor. The concrete of the flooring is
directly poured on the ground thus minimizing losses. Floor tiles are inter-imposed, it is an end
coating resisting to corrosion and chemical agents.

– The roof is composed of cement slabs and concrete slab made so that it handles the load and be
economical. A roof sloping of 5° allowed water evacuation through several openings. Until now
the flat roofs are considered as nest infiltration and as architectural solution.

– Windows and doors contribute significantly to the energetic balance. Their contribution however
depends of several parameters as: local climate, orientation, frame, relative surface (window-
-flooring), and concealment performance during night and sun days. In this case focus is made
particularly on windows and doors dimensions and all are made of woods [7].

In ci dent so lar ir ra di a tion es ti ma tion

The Capderou model uti lizes the at mo spheric trou ble fac tor in or der to com pute beam and
dif fuse com po nents of so lar ir ra di a tion. Ab sorp tion and dif fu sion caused by at mo sphere par ti cles are
ex pressed in terms of the tur bid ity fac tors. From these fac tors beam and dif fuse ir ra di a tion are de ter -
mined in case of clear sky model [8-13].

Fur ther more, in stead of im ple ment ing Capderou model to sim u late the global and dif fuse ir ra di a -
tion fall ing upon an hor i zon tal plan, it was pre ferred in this work to 
use di rectly ex per i men tal re sults pro vided by a sta tion lo cated in
the site where stud ies are car ried out. This has a ben e fit of hav ing
more pre cise and better es ti ma tion of global ir ra di a tion on the hor i -
zon tal.

Sun-Tracker is a sta tion with high pre ci sion com port two parts: 
a fixed part com port ing an EKO type pyranometer for mea sur ing
of global so lar ir ra di a tion re ceived by a hor i zon tal sur face, a mo -
bile part ca pa ble to fol low the tra jec tory of the sun from sun rise to
sun set with a ro botic sys tem (fig. 2). The figs. 3 and 4 rep re sent in -
stan ta neous vari a tions of so lar ir ra di a tion in ci dents upon the roof
and wall of the apart ment for dif fer ent ori en ta tions. These val ues
cor re spond to the days June 2 and Jan u ary 5, re spec tively, un der
clear sky con di tion.
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Figure 1. Associated descriptive plan

Figure 2. Sun-Tracker station
installed at applied research
unit on renewable energies



Math e mat i cal model (cold pe riod)

In Build ing en er getic field, the pre dic tive nu mer i cal model is be com ing in creas ingly used.
Also sim u lat ing mod els have been de vel oped dur ing the eight ies to es sen tially re spond to dimensioning 
need of hous ing. The ac com plished task in the cur rent pa per has as goal from one side to de velop an ap -
pro pri ate model and from an other side to con trib ute to the cre ation of cor re spond ing sim u la tion tools.
These pro grams have as to be. Sub se quently, cou pled to a pro fes sional in ter face that can be op er a ble in
friendly man ner.

How ever, these mod els and even more the lat ter only con cern heat ex changes. As con se -
quence of this air strat i fi ca tion stud ies (wind in fil tra tion in flu ence, and wa ter drop lets dif fu sion in wall
cav i ties …) are not con sid ered in the cur rent study. Vari a tion of hu mid ity fac tor and states changes are
not taken into ac count ei ther. In the cur rent work it is the en velop which is ex clu sively stud ied. 

To carry out this study few spe cific hy poth e ses are made.
– The flow through different walls layers is assumed to be unidirectional, in perpendicular direction 

to the wall faces.
– The per ma nent re gime would be es tab lished when the flow passes from layer to the next one.
– Tem per a ture dis tri bu tion (in ter nal and ex ter nal) on each wall sur faces is con sid ered to be

uni form.
– The convection is natural, the flow is laminar.
– Doors and windows are supposed to be closed and made of woods. Their temperatures are

measured and considered in the over all energetic balance.
Thus, the av er aged tem per a ture evo lu tion of all walls can be de ter mined. In or der, to com -

plete the math e mat i cal model the limit and ini tial con di tions of the room must be known. There fore, on
each step the fol low ing tem per a ture must be mea sured:
– the northern wall external face temperature,
– the ground temperature for a given depth (z), and
– the external temperature of the upper storey i. e. the temperature of the floor above. It is also

necessary to measure the door and window temperatures since they are included in energetic
balance.

Prior to es tab lish this en er getic bal ance the tem per a ture pro file of each sur face of the two
rooms has to be de ter mined since it gives glance on di rec tions and sense of heat ex changes with other
sur faces. Pre lim i nary re marks on dispositive (with out in su la tion) dic tates to de cide and judge that:

TSouthern wall < TEastern wall < TGround <  TAir < TCeiling < TWestern wall <  TNorthern wall    Room 1

TWestern wall < TSouthern wall < TGround < TAir < TCeiling < TEastern wall < TNorthern wall     Room 2
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Figure 3. Solar irradiation incident on the walls;
June 2

Figure 4. Solar irradiation incident on the walls;
January 5



These con sid er ations, cou pled with the prin ci ple of en ergy con ser va tion pro vide a no au ton -
o mous sys tem hav ing eigh teen non-lin ear or di nary dif fer en tial equa tions. The math e mat i cal equa tions
gov ern ing the dif fer ent bal ances (with out in su la tion) are:
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Ex ter nal south ern wall face (Room 1)
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East ern wall (Room 1)
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Ex ter nal east ern wall (Room 1)
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North ern wall (Room 1)
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West ern wall (Room 1)
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In te rior air (Room 1)
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Ceil ing (Room 1)
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Ground (Room 1) 
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South ern wall (Room 2) 
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Ex ter nal south ern wall face (Room 2)
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West ern wall (Room 2)
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Ex ter nal west ern wall (Room 2)
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North ern wall (Room 2)
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East ern wall (Room 2)
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In te rior air (Room 2)
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Ceil ing (Room 2)
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Ground (Room 2) 
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These rooms in ques tion have two ex posed walls. Then, if a wall needs to be in su lated (add -
ing one or more in su lat ing layer), the mod i fi ca tions that could be in tro duced in the en er getic bal ance
would be those con cerned by con duc tion equa tions and the used ma te rial spe cific heat pa ram e ter. For
ex am ple the in su la tion of the west ern wall (room 1) by a lame of air and a poly sty rene layer lead to an -
other equa tion of the over all bal ance. These mod els de scribe the sys tem ther mal be hav iour in both
cases at the same cli ma tic con di tions.
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The most im por tant step in this cur rent study con sists in us ing a semi-em pir i cal model al low -
ing es ti ma tion of en ergy re ceived by dif fer ent walls to be made. In this sense, Capderou model has been 
cho sen be cause it is the most ad e quate to the site where stud ies are car ried out (according, to the pre vi -
ous stud ies). How ever, in stead of im ple ment ing Capderou model to sim u late the global and dif fuse ir -
ra di a tion fall ing upon an hor i zon tal plan, it was pre ferred in this work to use ex per i men tal re sults pro -
vided by a sta tion lo cated in the site where stud ies are car ried out. This has a ben e fit of hav ing more
pre cise and better es ti ma tion of global ir ra di a tion on the ver ti cal walls. For room 1, the two walls ex -
posed to the Sun are in su lated by a lame of air of 4 cm and an other layer of 6 cm of poly sty rene. The
west ern wall is in su lated by 8 cm poly sty rene layer. The roof is also in su lated by 4 cm of poly sty rene
layer. Then in or der to com plete the in su la tion pro cess, the north ern wall was also in su lated by 4 cm of
poly sty rene [14-16].

Hab i tat ther mal be hav iour (hot pe riod)

In this sec tion it has been proved that the sim u lated tem per a ture val ues are com pa ra ble to
those mea sured ex per i men tally which im plies that the pro posed model fit sat is fac tory to de scribe phys -
i cal state of the stud ied phe nom ena. This fact al lowed the in te gra tion of this model in a gen eral pro gram 
in or der to ap pre hend the prob lem re lated to ther mal com fort and to study the fea si bil ity of in ter nal and
ex ter nal ther mal in su la tion. The sought of iden ti fied so lu tions dic tates the im ple men ta tion of rig or ous
meth od ol ogy whether in terms of de fin ing the in put and out put or in terms of the con duc tion of the ex -
per i men ta tion. To de sign a math e mat i cal model dur ing a hot pe riod, we will fol low the same steps as
those ex plained in a cold pe riod.

The ther mal in su la tion of walls ex posed to the Sun ra di a tion is ful filled by us ing 6 cm thick
layer of poly sty rene and 1 cm thick air layer whereas the roof in ner side of the apart ment was in su lated
by 4 cm thick poly es ter layer. The re sults that will be soon pre sented are all sub jected to un cer tainty
mar gin as is al ways the case of any com par a tive study. This un cer tainty is due in one hand to the in ac cu -
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ra cies in the im ple mented model and on the other hand to the in ac cu ra cies of the mea sur ing in stru ment
be ing in use.

In or der to ac com plish the mea sure ment phase, a data ac qui si tion unit of type Fluke Hy dra
Se ries II. Which in spite of its high ac cu racy it ac cu mu lates some er rors at lev els even if they are not re -
ally con sid er able? An other in her ited dif fi culty of this con fron ta tion re sides in pres ence of noise phe -
nom e non that may arise whether from the mea sure ment pro cess or the stud ied sys tem it self. Type K
thermocouples were used to mea sure tem per a tures. Their mea sur ing prin ci ple is based on Seebeck ef -
fect. In or der to mon i tor the tem per a tures of south and north walls, five thermocouples were placed in
dif fer ent lo ca tions of the walls. Also the tem per a tures of the in ter nal am bi ent air were mon i tored by
plac ing five thermocouples in dif fer ent points. The plot ted tem per a tures ex per i men tal val ues are those
cor re spond ing to the av er age of the mon i tored ones.

The fig. 5 de scribes tem per a ture evo lu tion of ex ter nal am bi ent tem per a ture dur ing days June
2 and 3, 2008 in Ghardaïa. The used pro gram al lowed sim u la tion from the be gin ning of the pro ject. It
al lowed also mak ing com par i son be tween the tem per a tures of the apart ment.

To do so the ex am ple given in fig. 6 rep re sent ing tem per a ture curves of each me dium is con -
sid ered. It can be ob served that the room 3 tem per a ture is gen er ally the high est. The re sults can be jus ti -
fied with out doubt by the num ber of walls ex posed to high est so lar ir ra di a tions. Fol low ing this prin ci -

ple, we can pre dict (what is ac tu ally con firmed) that tem per a tures of bath room and toi let are the low est
with out con duct ing study. It can also be ob served that liv ing room (room 2) tem per a ture be came higher
dur ing the eve ning time and lower dur ing over morn ing in terms of com par i son to that of room 1.
Whereas the op po site of that can be ob served, the rea son is that in case of the room 1 that is the south
and east walls which are ex posed to so lar ir ra di a tions, in the other hand, in case of the liv ing room that is 

south and west walls which are ex posed to so lar ir -
ra di a tions. Thus rea son ably the amount of en ergy
ab sorbed dur ing morn ing time by room 1 walls is
higher than that ab sorbed by liv ing room walls and
vice-versa.

Re main ing again in this con text, it is com mon
to find the tem per a tures of the first floor to be
higher than those of the ground floor be cause
their South, East, west walls and roofs are di rectly 
ex posed to so lar ir ra di a tions.  Fig ure 7 for ex am -
ple, may ex plain the im merg ing be hav ior. 

Fig ures 8 and 9 rep re sent, re spec tively, tem -
per a tures curves of in ter nal air and of room 1 and
the liv ing room in dif fer ent cases. The found re -
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Figure 5. Ambient temperature; June 2 and 3,
2008

Figure 6. Internal group floor temperatures;
June 2 and 3, 2008

Figure 7. Room 2 temperatures June 2 and 3,
2008



sults show that the tem per a tures in case of ab sence of ther mal in su la tion were found to be be tween
28.6 °C and 30.8 °C in case of room 1 of the ground floor, and be tween 28.3 °C and 32.7 °C in case of
the first floor. Which are a rel a tively higher tem per a tures com pared to the de sired one i. e. (27 °C).
The ther mal in su la tion tech nique al lows only main tain ing these tem per a tures not to lower them. It is
for this rea son that the tem per a tures of room 1 will be com prised be tween 28.7 °C and 29.5 °C in case
of the ground floor and be tween 28.8 °C and 31.85 °C in case of the first floor. Liv ing room tem per a -
tures are found to be be tween 28.8 °C and 29.5 °C for the ground floor. Whereas in case of the first
floor, the re corded tem per a tures are be tween 28.5 °C and 34 °C. It fol lows that the de liv ered tem per a -
tures by the in su la tion means un der these con di tions will have to be com prised be tween 28.9 °C and
30 °C in case of the ground floor and be tween 28.85 °C and 31.3 °C in case of the first floor.

The o ret i cal and ex per i men tal re sults, remakrs and dis cus sions (Cold pe riod)

The ex per i men tal mea sure ments are car ried out in the first week of De cem ber 2007 and the
first week of Jan u ary 2008. The fol low ing step of the study con sists in view ing and de ter min ing the im -
pact and in flu ence of ther mal in su la tion on in te rior air and walls which had al ready stocked an im por -
tant amount of cold (see figs. 13, 14, and 15). The in te rior tem per a ture of air and var i ous tem per a ture of
south ern and north ern wall will be con fronted with ex per i men tal val ues in ab sence of in su la tion. The
com par i son proves as a whole ac cept able. These fore casts and ap pre ci a tions will be proven by figs. 10,
11, and 12. It must be noted in this case that the re sults ob tained through nu mer i cal sim u la tion dif fer
from those ob tained in the case where the walls had not yet stored cold. This no tice able de crease in the
am bi ent tem per a ture dur ing the month of Jan u ary, pro vide a dim i nu tion of the tem per a ture in side the
rooms.

The other most im por tant part of the cur rent study deals with de ter min ing a the o ret i cal model
which gives a best method ad e quate to im prove the per for mances of in su la tion task. Math e mat i cal
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Figure 8. Room 1 temperatures June 2 and 3,
2008

Figure 9. Room 2 temperatures June 2 and 3,
2008

Fig ure 10. Tem per a ture of the in te rior air Fig ure 11. Tem per a ture of the south ern wall
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Figure 16. Temperature of the interior air –
Room 1

Figure 17. Temperature of the interior air –
Room 2

Fig ure 14. Tem per a ture of the south ern wall Fig ure 15. Tem per a ture of the north ern wall

Fig ure 12. Tem per a ture of the north ern wall Fig ure 13. Tem per a ture of the in te rior air

Figure 18. Temperature of the interior air –
Room 1

Figure 19. Temperature of the interior air –
Room 2



mod els per mit ting eval u a tion of en er getic per for mances of apart ment rooms are pro posed. It should
also be noted that these mod els de scribe only heat ex changes. In this piece of work zonal air strat i fi ca -
tion and wind in flu ence on air in fil tra tion, wa ter drop lets dif fu sion through wall cav i ties, state changes
are not dealt with. Hu mid ity vary ing fac tor is not taken into ac count ei ther. It is the en velop which is ex -
clu sively stud ied. The o ret i cal re sults are in tro duced by figs. 16, 17, 18, and 19.

Ac cord ing to the found re sults it can be con cluded that the in su la tion of walls and roof re -
duces the im pact of cold tem per a tures dur ing win ter pe riod, thus en abling the ther mal com fort to be
achieved. The cur rent ques tion which im poses it self is to what ex tent the the ory is con sis tent with the
ex per i men tal re sults? The mon i tored and re corded tem per a tures of the so lar house lo cated at our re -
search unite that are plot ted on the pre vi ously men tioned graphs an swer this ques tion clearly. The con -
cor dance be tween the ory and real world is so en cour ag ing. As can be seen from figs. 20 (a) and (b)
which rep re sent the tem per a ture dif fer ences of walls and in te rior air of the two rooms with and with out
in su la tion, the max i mum ab so lute tem per a tures dif fer ences in the worst cases are in the or der of ± 1 °C.
It can also be con cluded from this com par i son that ef fect and im pact of ther mal in su la tion are man i -
fested in the first place on south ern walls then north ern ones and fi nally on in te rior air in par tic u lar in
the case where the in te rior air had not been cooled enough yet. In es sence it is as sumed in this case that
this ef fect man i fests clearly on sur faces and space which are most cold.

The o ret i cally, it has been con firmed that ther mal in su la tion of the two ex posed walls suf fices
only in the case where the cold does not pen e trate and yet does not crossed the walls. In con trast if the
cold had al ready over whelmed the entire apart ment then all in ter nal sur faces should be in su lated. In
some case the ground also needs to be in su lated (see figs. 17, 18, and 19). As con se quence, if the cold
had al ready crossed and pen e trated the whole piece then the dif fer ence in tem per a ture would be the
con tri bu tion of ther mal in su la tion rather than the ef fect of ther mal in er tia. This can be jus ti fied by the
fact that room looses its ther mal in er tia. For ex am ple, if we want to keep the tea or the cof fee with the
heat, we use one cov ers tea or a ther mos flask. 

Gen eral con clu sions

In this ar ti cle, the ef fects, im pacts and in flu ences of ther mal in su la tion upon ther mal com fort
are pre sented. In con clu sion these work and re search ac tiv i ties made pos si ble to draw some fun da men -
tal norms and cri te ria that are im por tant to achieve a better in su la tion. In ad di tion to that the fol low ing
con clu sion is made.
– Dur ing cold pe riod, the ther mal losses are slew down by the pro vided in su la tion thus favorising

the achieve ment of ther mal com fort.
– In win ter how ever, de spite the shin ing time the tem per a tures of walls in ter nal sur faces re mains the

cold est ones. This phe nom e non is better known by ther mal in er tia.
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Figures 20. Absolute variations of the temperature: (a) before storage and (b) after storage



 In this sense, re call ing the ex am ple of ball, big, and heavy. Un like small ball, it is dif fi cult
to make it move but once launched it would be dif fi cult to stop it. Stone (walls) un like metal took a
rel a tively long time in or der to be cooled but once cooled it took also a long time in or der to be
heated.

– As is well known the win ter pe ri ods are char ac ter ized by night hours slightly lon ger than day light
hours. This con di tion fa vors cold ab sorp tion over night and has a sig nif i cant im pact on walls since
they are made of stones which are char ac ter ized by high cal o rific ca pac ity. Thus walls have an
enor mous ca pac ity to store cold. This sit u a tion en cour ages in ter nal sur faces to re main cold de spite
sun shine pres ence.

– Ther mal in su la tion ful fills its in tended goal which is achiev ing the ther mal com fort only if it is im -
ple mented be fore the be gin ning of cold pe riod. It fol lows that un der this con di tion in su la tion has
to be ap plied only to the ex posed walls to the Sun.

– To sum up the norms and prin ci ples of bioclimatic con cep tion have to be care fully re spected dur -
ing build ing con struc tion at the spec i fied site. Based upon the anal y sis of found re sults it is
strongly rec om mended to avoid con struc tion us ing stones in area sim i lar to Ghardaia from cli ma -
tic view point. This is be cause the stones pos sesses a high heat ab sorp tion co ef fi cient and huge ca -
pac ity to store ther mal en ergy. There fore the use of hol low bricks is pre ferred and pro posed for
con struc tion.

– The com par i son shows that the found re sults by im ple ment ing such model are to some ex tent sat is -
fac tory. The nu mer i cal re sults ob tained by sim u lat ing and ex e cut ing the elab o rated pro gram put in
ev i dence the power and ef fi ciency of this soft ware pack age (Matlab 6.5). 
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No men cla ture

C –  specific heat, [Jkg–1K–1]
e –  wall thickness, [m]
Fi-j –  form factor between surfaces i and j
G –  total incident irradiation, [Wm–2]
Qcvext –  heat flux exchanged by radiation with the

–  ambient
Qcvij –  heat flux exchanged by convection, [W],

– [Qcv = hcvijSi(Ti – Tj)]
Qrciel –  heat flux exchanged by radiation with the

–  sky
Qriciel –  = hricielSi(Ti – Tciel); 

–  hr2ciel = e2s(Tciel + T2)( )T T2
2 2+ ciel  (T2 –

–  – Tciel)/(T2 – Tam); Tciel = 0.0552 Tam
1 5.

Qrij –  heat flux exchanged by radiation, [W],
–  [= hrijSi(Ti – Tj) = FijSi( )T Ti j

4 4- ]
Qrsol –  heat flux exchanged by irradiation with

–  the external ground
S –  surface, [m2]
T –  temperature, [K]
v –  volume, [m3]

Greek let ters

a –  absorption coefficient
l –  thermal conductivity, [WK–1m–1]
r –  density, [kgm–3]
s –  Stephane-Boltzmann constant

Sub scripts

a –  cement
b –  stones
c –  plaster
d –  tiling
e –  concret
f –  the window
g –  the hollow block
h –  sand
p –  the door,

Some phys i cal char ac ter is tics

ea = 0.015 m; eb = 0.4 m; ec = 0.01 m; ed = 0.025 m; 
ee = 0.02 m; ef = 0.04 m; eg = 0.2 m; eh = 0.045 m;
ei = 0.1 m; eair = 0.04 m
ra = 2000 kg/m3; rc = 825 kg/m3; rd = 2300 kg/m3;
rf = 2300 kg/m3; rair = 1.2 kg/m3; rpoly = 29 kg/m3

la = 1.15 W/Km; lb = 2.8 W/Km; lc = 0.25 W/Km; 
ld = 2.4 W/Km; le = 2 W/Km; lf = 1.4 W/Km; 
lg = 1.1 W/Km; li = 1.1 W/Km; 
lair = 0.026 W/Km; lpoly = 0.04 W/Km
Ca = 871 J/kgK; Cc = 1000 J/kgK; Cf = 875 J/KgK;
Cd = 875 J/kgK; Cair = 1008 J/kgK
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