SSP - JOURNAL OF CIVIL ENGINEBYRG Vol. 11, Issue 2, 2016

DE GRUYTER DOI: 10.1515/sspjce-2016-0017
OPEN

Improved Thermal Transmittance Measurement with HFM
Technique on Building Envelopes in the Mediterranea Area

Patrizia Aversa®, Antonio Donatelli®, Giuseppe Piccoli, Vincenza Anna Maria Luprano®

®ENEA — Italian National Agency for New Technologi&nergy and Sustainable Economic Development, SS
Appia 7, km 706.00, 72100 Brindisi, Italy.
®Innovasystem Srl., Corso Racconigi, 180/6, 10144rbo Italy.
e-mail: patrizia.aversa@enea.it, antonio.donatah@a.it, direzione@innovasystem.it,
vincenza.luprano@enea.it

Abstract

Although the designed theoretical value of U canl&eved from the thermal parameters of layers ausimg an
opaque element, according to 1SO 6946:2007, measns are necessary to confirm the expected balvavio
Currently, the measurements of thermal transmiédased on Heat Flow Meter method (HFM) and acogrdi
to standard 1SO 9869-1:2014 are widely acceptegwaly, some issues related to difficulties in measents
are present: the roughness of wall surfaces, tbpeprcontact between the heat flow plate and timpéeature
probes with wall surfaces, undesired changes irtheeaonditions. This work presents the resultsaioled in
thermal transmittance measurements with a modHiEM method, widely described in this paper. Differes
between U-values obtained with the modified HFM moelt and theoretical ones were in the range 0.6-9%6.
Moreover, the modified HFM method provided a resittser to the theoretical one, when compared & th
obtained with standard HFM method (discrepancy Witoretical value were 0.6% and 16.4%, respeglivel
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1 Introduction

Since several years, problems related to climasgh and the causes that generate it are
treated with special attention, because of the thagaonsequences it entails on nature and
people. The problem has spread worldwide and thiexé$ dutifully treated by many nations.
In particular, The United Nations Framework Coni@amton Climate Change (UNFCCC)
composed by 19 Countries (December 2015), was fmingith the aim to stabilize
greenhouse gas concentrations in the atmospheaeleatel that would prevent dangerous
anthropogenic interference with the climate systéhe last conference held by the UNFCCC
was the “2015 United Nations Climate Change Comieze (COP 21), held in Paris, France,
from November 30th to December 12th 2015, wherenBaes agreed, by consensus, to the
final global pact (the Paris Agreement) to reduteéssions as part of the method for reducing
GreenHouse Gases (GHG). Moreover, the membersdapaeduce their carbon "as soon as
possible” and to do their best to keep global wagnito well below 2 degrees C".
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In this framework, a great positive impact can btamed by acting properly on buildings. As
a matter of fact, buildings use about 40% of globaérgy, 25% of global water, 40% of
global resources, and they emit approximately 1#3G6lG emissions. Residential and
commercial buildings consume approximately 60%hefworld’s electricity and the building
sector is the largest contributor to global GHG s=ions. Yet, buildings also offer the
greatest potential for achieving significant GHG ission reductions, at least cost, in
developed and developing countries.

One important aspect on which one can adopt solsiiio order to reduce energy in buildings
is the thermal behaviour of wall, expressed bythermal transmittance U, which describes
the ability of wall of opposing to heat-flux: thewer the thermal transmittance, the greater
this opposition. Thermal transmittance of wall da estimated if its stratigraphy and the
thermal parameters of layers which compose it ¢adlgi thicknesses and thermal
conductivities) are known, according to standard® 18946:2007 [1] which assumes
conditions that often diverge from reality: unifatyn of layers, proper installation, no
irregularities within the cross-section. To theaetdrs, the natural obsolescence of the walls
must be added, which inevitably leads to reducg#reormance over time. For these reasons,
experimental measurements of thermal transmittaaesnandatory for a proper evaluation
of thermal behaviour of walls.

Currently, the experimental measurements of thenthketransmittance based on heat flow
meter (HFM) and according to standard 1ISO 9869-1422] are widely accepted. It is based
on a continuous and protracted for several dayssumement of heat-flux and surface
temperatures of opaque elements [3-7]. Several svalate to effectiveness of HFM method
technique and address the issues raised. Asdrebadl. [6] performed a measurement
campaign of in situ thermal transmittances in UmlRegion (Italy) and highlighted that
measurements and theoretical U-values were nogrifeqt agreement, in particular for walls
without insulating materials. In all the casesdifeerences were not less than 14%. Ahmad et
al [7] also investigated the thermal transmittanogébuildings in according to ISO 9869-
1:2014, highlighting that wall orientation and thetside weather conditions affect the results.
Peng and Wu [8] applied HFM technique on a buildm@lanjing, comparing three different
designed methods to evaluate the thermal insulatidhe test chamber. Differences between
measured and designed U-values were in the rarkgé®-Generally, comparison between U-
values resulting from HFM and designed ones shafferences up to 16% [3, 9-12].

Even if we strictly adhere to the approach desdribg the reference standards, the HFM
method presents some uncertainties. It is evideitthe calculated values could be affected
from temperatures and heat-flux measurement: Mérad. ¢13] studied which factors affect
the in situ measurement of U when the HFM methodapplied. They found that
thermocouples and heat flow meter locations, a$ agepasting angle, size and shape of heat
flow meter affect the measurement at different mixtin particular, the mortar joints must be
avoided as location for the thermocouples. Desegus. [12] highlighted that measurement
via HFM method could be affected by plastering ethflow meter on the surface, because of
changing in temperature fields around it.

In order to reduce the systematic errors in measemng in our work we focused the attention
on some aspects of the HFM method that could beawegl. In particular, first a preliminary
investigation of different opaque envelopes andhwitthermal camera, in accordance with
standard ISO 6781:1983 [14] was performed, in otdéndividuate the most appropriate area
for the measurement of thermal transmittance. Tanshghtly modified HFM method, based
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on a multiple measurement of wall temperatures @m@n improved adhesion between the
temperature probes and the wall surface, was appliee accuracy of the proposed method
and results obtained were evaluated by direct cosgpawith standard HFM method and
with designed values obtained in according to stethtSO 6946:2007.

Another issue related to HFM method is that ISO®8&014 requires a long measurement
time period, in order to remove uncertainties ofaswgements due to fluctuations in
temperatures, mainly for walls exposed to outdobene sunlight exposure or changings in
weather conditions cannot be avoided. A genera sulggests that an acquisition time of at
least 72 hours is sufficient, provided that thdatéons in the transmittance value measured in
the last 24 hours are less than 5% of the inigdlie of this interval (ISO 9869:1-2014).

The experimental campaign was performed in ApulegiBn, in the south-east of Italy
(Mediterranean Area), where high differences ingeratures between indoors and outdoors
are not frequent. Anyway, ISO 9869:1-2014 statas lleat flow meter measurement requires
a difference of fifteen degree, or at least tenrelegbetween temperatures of internal and
external sides of walls, therefore this conditi@s lbeen ensured through forced conditioning
(heating or cooling) of the internal rooms.

Conditioning of at least one side of vertical wallsmportant also related to the following
issue: in terms of energy upgrading of buildings #Apulia Region may provide that a
feasibility study which includes the transmittameasurement of the vertical walls must be
completed within 30 working days from the assigntn&ha contract. If within this period
changings in weather conditions makes difficult theasurement, the feasibility study would
be compromised. It is therefore necessary to gefroim this issue, through the possibility of
performing measurements in a conditioned environmanat least conditioning the inner
side of the vertical wall.

2 Materials and Apparatus

Thermographic investigation of the opaque elemeras performed with a thermal camera
Flir T620 with uncooled microbolometer detector dme resolution 640x680 pixels, spectral
range from 7.8 to 14 um, thermal sensitivity |demnt0.04 °C, range of measurements from -
40°C to 150 °C with an accuracy of +2 °C and pietinequency equal to 30 Hz).
Heat flow meter (HFM) investigation was performehwapparatus according standard ISO
8301 1991 [15], provided by an Italian Compa@apetti Elettronica sjland composed by
heat flow meter plate: diameter 50 mm, thicknessnf, sensitivity 50puV/m?,
accuracy = 5% (@T=20°C), temperature range from°G3@o +70°C, thermal
resistance of sensor less than 6.28.m8K/W, range from -2000 to +2000 Whm
= probe for temperature and humidity measurement:0B0class A with aluminum
sensitive parts for better detection of the wathperature, range of measurement from
-40°C to 80°C, resolution 0.01°C, accuracy 0.1dge for relative humidity from 10
to 90 %;
» encapsulated probe for outdoor measurement of teryse and relative humidity:
range of measurement from -10°C to 60 °C, resatudli®@1°C, accuracy 0.2 °C, range
for relative humidity from O to 90%, resolution 8%.
The measurements with the apparatus above descnbesl compared with measurements
performed with a standard HFM method and by a Comwyphat provided the thermal
insulation, which used the following instrumentaso
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heat flow meter plate mod&€hermoZzig Optivelaxrange of power from -300 to +300
Wm?, resolution 0.01 Wi, accuracy + 5% (@T=20°C), range of temperaturenfro
20°C to 60 °C, thermal resistance 0.00% V.

a probe for indoor temperature measurement: rahgeeasurement from -20°C to 60
°C, positioned at 1.5 m above the floor (hang aittlip);

a probe for outdoor temperature measurement: rahgeeasurement from -20°C to
60 °C, positioned at 1.5 m above the floor (hanip aiclip).

The experimental investigation was performed onesdifferent opaque elements hereinafter

listed.

Case A a partition wall of a Building hosting the Depadnt of Engineering of the
Politecnico di Bari (Italy), composed by a hollowdk (30 cm) plastered on both the
sides (1 cm) and which separates two rooms witfergifit climatic condition. The
building is located in Bari, in Apulia Region, ihe south-east of Italy: coordinates are
41°0841" N, 16°5119" E. Bari is in the group Csa of Koppen climate sisation
(Mediterranean climates with Hot Summer) [16]. Ty has a degree day of 1185,
calculated as in the Italian presidential Decre2/93 and subsequent amendments
and additions.

Case B a perimetral wall of a High school separatesrdarnal room from external
side. It is composed by (from internal to externplaster (2 cm), tuff (25 cm), cavity
wall (6 cm), tuff (25 cm), plaster (2 cm). The higbhool is in Mesagne, located in
Apulia Region, in the south-east of Italy: coordesaare 40° 340" N, 17° 480" E.
Mesagne is in the group Csa of Koppen climate iflesson (Mediterranean climates
with Hot Summer) [16]. The city has a degree dag287, calculated as in the Italian
presidential Decree 412/93 and subsequent amensdaedtadditions. The addition of
an outer layer in rock wool (thickness of 10 ctgpe Frontrock max E, provided by
Rockwoof’ which declared a thermal conductivity of 0.036 W/mas applied on the
outer surface of this perimetral wall, in orderittgprove its energy efficiency. Both
the arrangements were studied, and hereinafter iWeefer as Case B1 and Case B2
respectively for the wall without and with the timal insulation layer.

The cross-section of investigated walls are cledelyicted in Fig. 1.
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It is worth to mention that all trroomsinvestigated were exposed on north-west side but
protected from direct solar radiation by means edrrbuilding. Moreover,all the windows
in the investigated rooms were shieldec roller shutters in order texclude¢ the impact of
solar gain®r reduce the thermal dispersion thro them.

All the rooms were kept empty and not frequentedtigents during the testing peri

Fig. 2 shows a map with position of Bari and Mes and Fig. 3 shows the expected tre
in temperature and relative humidity (RH) of airidg a solar year, based on data recorde
Bari in the last 10 years obtained from ENEA arehjé7]. the months are indicated w
numbers from 1 to 12 (1 indica January and 12 indicates December), the mean v&

marked by aontinuous line, while the minimum and maximum estpd values are mark
with dashed lines.
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3 Methods

For both the investigated walls, a preliminary istigation with the thermal camera Flir T6
and in accordance with standard 1ISO 6781:1lallowed the individuation of the mc
appropriate area for the measurement of thermagnnétance by HFM methc

More in details, the wall surfaces was investigatgdneans of IR thermography with t
purpose to verify the absence of thermal bridge«deteriorations of the plaster, or t
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presence of moisture by water infiltration in theaque elements, in order to appropriately
choose the area in which the measurement of tratasroe would be performed. After the

thermal conditioning, the wall presented thermaifarmity and the absence of thermal

bridges: this situation has ensured that the wa#i adequate to measurement.

The HFM method represents the most common and textepethod for measuring the

thermal transmittance of opaque elements, accoitdinte Standard ISO 9869-1:2014. It is
based on monitoring and measuring of time variatiohtemperatures on both sides of an
opaque element and of heat-flux passing throughwhki. The state of art foresees the
installation of the heat flow meter plate in theoskn point of the surface wall, for the

measurement of the heat-flux through the crossicseaf the opaque element. Then a
temperature probe is placed in contact with thé&sar just few centimeters far from the heat
flow meter plate. The contact between the tempezgitobe and the surface wall is generally
not very meticulous: it is locked with the use dhasive tape, or with a wall nail on which is

hung. Our approach is different in some aspectslifired method):

i. the rooms separated by the wall for the case A tlamdnternal room for the cases Bl
and B2, were conditioned (heated or cooled) fohd8rs in order to assure uniform
and constant temperatures and a difference in tetyes between the sides of the
wall not less than 10 °C. Values of temperatureseveifferent for the investigated
cases and they are reported in section “Results”.

ii. the most appropriate portion of the wall surface #oe measurement of thermal
transmittance was individuated by means of thentbgraphic investigation;

ii. In this area, a template in stiff cardboard (ididia called DIMA) having an area of
about 0.5 m (side of 0.7 m) and including holes which allow fiod the correct
location of the temperature probes and the heat iih@ter plate in a quick and precise
way, was positioned. The DIMA was positioned intsw@ way that the heat flow
meter plate was at 1.5 m far from the floor. Théebdad different colors to help
technicians in the proper individuation of the piosi of sensors on the inner and outer
sides of the opaque wall (red and blue, respeglivBlIMA allows the preservation of
the relative positions of the sensors with respedhe heat flow plate, if manifold
measurements are performed in different areaseobplaque wall (Fig. 4a).

iv. the DIMA was applied to the opaque wall with thd af easily removable adhesive
tape at the end of use. Then with a pencil thetep@sitions of the probes on both the
inner and the outer walls were drawn (Fig. 4b)pamticular, the heat flow meter plate
was installed at the center of this square arealewhe temperature probes were
positioned at the vertices of a triangle, as showhig. 4d. The same happens to the
other side, where other three temperature probes wstalled.

v. The contact between the temperature probe and #ileswface was improved in
order to reduce undesired thermal resistance dbadacontact. More in detail, in the
points chosen for the positioning of the tempemfumobes, the wall was coated with a
commercial high thermal silicon grease, in orderéduce the surface roughness.
Then the temperature probe, previously embedde@ninenvelope consisting of
aluminum in the part of contact with the surfaceecguse of its high thermal
conductivity) and plastic in the outer part, wasegl to the silicone. In addition, a
layer of mastic surrounded the entire envelop@rder to reduce any lateral thermal
dispersionsWHU® Patafiy (Fig. 4c).

This particular configuration was applied on a# thvestigated walls.
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(a)

(c)

Figure 4: DIMA in modified HFM technique: templa&@( marking of sensor positions (
sensor adhesion on the wall (c) and final layouboth the sides (¢

The experimentation cgmaign aspired also to evalu the effectiveness f the approach
on walls placed in rooms strongly thermally coratigd; therefore, after conditioning
rooms, wherdone, the temperatures and |-flux were monitored and recorded for three ¢
and once the acquisition has been completed, agradtaproach in measuring of therrr
conductance was applied. In particular the therpabluctance\ was estimated as the me
value in the interval [0, k

] q(t)dt

A=—20
_[[Ta (t)-T, (O]t

where T, and T are the mean vals of the three instantaneous temperature measure
obtained with the probes, on bthe sides: andp, respectively.

Of course, the greater the interval between 0 i, the lower the uncertainty in tl
thermal conductance value. In all the ca” was at least three days.

Once the thermal conductance has been calculdtedthermal transmittance U of t
opaque element was calculated took in account thernal and external convecti
resistances (14hand 1/Rerespectively

(1)

_ 1 (2)
U= 1 1 1
7+7+7
hsi /\ hse

Since measurements of temperatures anc-flux are performed at regular intervals, -
integral equation (1) is discretized assuming treni

A = Zizl G (3)
Z? =1 (rﬂi B Tﬂ )
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in which n is the number of temperatures and heat-flux measemts performed from t=0 to
t=t.

4 Results

For all the cases, measurements of temperaturdsowaboth the sides and heat-flux
through the wall were continuously performed angdistered. Fig. 5 shows the trends of
temperatures and heat-flux registered. For the Aaseeasurements were performed in July
and the rooms separated by the opaque elementtigatesl were differently conditioned
(heated and cooled respectively at T=37°C and T%26 in order to assure a difference in
temperature above 10°C as requested by the starfdardhe case B1, measurements were
performed in March when external temperatures vadrays less than 13 °C, and internal
room was heated to about 25 °C, so also in this aadifference in temperature above 10 °C
was assured. On the other hand, with regard toB2sat certain times a difference between
internal and external temperature greater tharCl@ds not satisfied, due to large oscillations
in outdoor temperature; apart from the peak at #48&0 (when the difference in temperature
reached 7.1 °C), the difference in temperaturesdst the two sides of the room was not less
than 9.1 °C. In particular this is verified from:80 to the end of the measurement (91:40),
therefore in the last 41 hours of the experimecaatpaign.
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Figure 5: Temperatures and heat flows trends fee@a(a), B1 (b) and B2 (c).

Fig. 6 shows the thermal transmittance trend catedlin accordance with equation (2); it
is evident that, in all the cases investigatecerageveral hours of measurement the thermal
transmittance tends to a constant value. In pdaticihe amplitude of oscillations was
calculated in the last 24 hours, according to eqnat

Umax t Umln t
AU (%) = SmexO=tnin®) @)
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whereUmax Umin andUj, are respectively the maximum, minimum and insialues in the
last 24 hours. They were 2.94%, 2.32% and 4.98%ClaseA, B1 and B2 respectively.
Therefore, in all the cases they were less thanaS%equested by ISO 9869-1:2014. In
particular the thermal transmittance calculatedther case A can be considered acceptable

despite the heat-flux in figure 5a seems to beemging also at time 90:00 toward the steady
state condition.
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Figure 6 Thermal transmittances for Case A (a), B1 (b) Badc).

The experimental results were then compared wihthieoretical thermal transmittances
calculated according to standard ISO 6946:2007¢chvhapplies to components and elements
consisting of thermally homogeneous layers andcaged on thermal conductivities or design
thermal resistances of the materials and prodoctthé application concerned. More in detail
the theoretical thermal transmittance in accordancé&SO 6946:2007 is calculated as the

reciprocal of the sum of the thermal resistancesach layer; Fig. 7 shows this approach for
Case B1.

Plaster Tuff Cavity wall Tuff Plaster

INDOOR / . T 4. : T \ OUTDOOR

Rsi sp/Ap stiht swefhow  st/Mt sp/Ap Rse

Riot = Rsi + sp/Ap + st/At + swe/Aew + st/ + sp/Ap + Rse

U= 1/Rtot

Figure 7: Calculation of U-value with standard 18@46:2007 for case B1.
Table 1 shows the stratigraphy of the investigabpaque elements with theoretical

thermal transmittance and comparison with experiaileresults: very similar results are
obtained, and in all cases the measured valueslgfgly higher than theoretical ones,
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confirming a general rule that the theoretical ealgenerally overestimate the performance
of a wall. The reasons for this are manifold: frame side, the Companies that provide
components (plaster, hollow brick, etc...) tend teeregtimate the performance of their
products for commercial purposes and, moreoverergdly the material properties are

characterized in laboratory where boundary conastigtemperature and humidity) are

strongly controlled; this situation diverges fronmve#onmental real conditions where

temperature and humidity could not be controlled aan affect the behaviour of opaque
elements.

In addition, installation work can present somedudarities which tend to deviate the real
behaviour from the expected one. Lastly, the agmfigthe investigated walls must be
considered.

For case B1, also the thermal transmittance vabigireed with conventional HFM
method, below described and discussed is reported.

Table 1: Opaque elements stratigraphy and compebistween thermal transmittances.

layers s [em] A [W-m-KY] R [m*-K-W1]

Internal surface - - 0.13

Plaster 1 0.90 0.01
< Hollow brick 30 0.43 0.70
o Plaster 1 0.90 0.01
8 External surface - - 0.04

Theoretical thermal transmittance : 1.124 W-rif-K*

Measured thermal transmittance with modified HFM method: 1.197 W-nit-K*

Internal surface - - 0.13

Plaster 2 0.90 0.02

Tuff 25 0.63 0.40
- Cavity air - - 0.18
o Tuff 25 0.63 0.40
§ Plaster 2 0.90 0.02
O External surface - - 0.04

Theoretical thermal transmittance: 0.842 W-m-K

Measured thermal transmittance with modified HFM method: 0.847 W-nf-K*

Measured thermal transmittance with conventional HR method: 0.952 W-rif-K*

Internal surface - - 0.13

Plaster 2 0.90 0.02

Tuff 25 0.63 0.40

Cavity air - - 0.18
g Tuff 25 0.63 0.40
© Rock wool 10 0.036 2.78
@ Plaster 2 0.90 0.02
© External surface - - 0.04

Theoretical thermal transmittance: 0.252 W-rif-K*
Measured thermal transmittance with modified HFM method: 0.326 W-nf-K*

However, the differences between theoretical andsomed thermal transmittance with
modified HFM method and calculated as equation & very low for Case A and;B
(respectively, 6.5% and 0.6%), therefore lower taagrage values in literature (up to 16% [3,
9-12] or 24% [8]):

£ = Um—Ut

Zt % 100 (5)

t
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with U, andU; were the measured and theoretical U values, ragplc

On the other hand, a consistent difference equadt4% was observed in case B2, which
can be attributed basically to large amplitudeemperature variations during the period of
measurements. Indeed, contrary to the expectecevadhown in Fig. 3 for March, the
temperature fluctuated between 2 °C and 19 °C.etbe, in different moments of the
measuring period, a difference of 10 °C betweentweesides of the investigated wall was
not achieved (Fig. 5¢). Another aspect that cowadehaffected the measurement is the non-
complete drying of the wall after the addition dtinsulating layer and the plastering.
Unfortunately, in this case the measures couldbeoperformed at a later time, due to the
"foreseen and not deferrable” switching off of twelding air conditioning: in such a case the
conditioning of the internal room would not haveebenade. Therefore the above mentioned
two issues could not been avoided.

Nevertheless, we take into account to replicatentbasurement in the next months, when
issues related to drying will be overcome.

In any case, we cannot completely exclude the bpihisgithat the performance of the
thermal insulation has been overestimated; Asdrgiadl. [6] argued the same assumption
when they found a difference between theoreticdl etperimental values of an investigated
perimetral wall equal to 43%, which differed afi@m other 5 cases considered in which the
discrepancy range was between -14 and + 26%.

At last, the investigated wall in case B2 hasiektiess of 70 cm, which is unusual when
compared with the thicknesses commonly adopted.

For case B1, results obtained with our modified HFldthod were compared with results
obtained with conventional HFM method, performed thg Company that provided the
thermal insulation. Measurements were carried mitiovember, with external temperatures
between 14°C and 19°C, while no conditioning wapliad on internal room, where the
temperature was in the range 19-20°C. Therefaseavident that the required difference of
10°C between the two sides of the wall was not esasuThis evidence confirms that the
weather can make difficult the measurement if tbeddioning of at least one side of the
vertical walls is not performed.

Anyway, Fig. 8 shows temperature, heat flow andntia transmittance trends resulting
from conventional HFM measurement, from which artre transmittance of 0.952 Wk
was obtained.
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Figure 8: Temperature, heat flow and U for casaBd with conventional HFM method .

Regardless of issues related on adequate diffesandemperature between the two sides
of the wall, the discrepancy with respect to theotietical value of 0.842 WAK™ obtained
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from ISO 6946:2007, and calculated with equatio)) (#as greater of that obtained with
modified HFM method (16.4% and 0.6%, respectively).

Moreover, the amplitude of oscillations of thernr@ansmittance calculated in the last 24
hours in according to equation (4) was 1.95%, foeeeless than 5% as requested by ISO
9869-1:2014.

5 Conclusions

This paper refers to measuring of thermal tranamatts of walls with a heat flow meter
method slightly modified with respect to that dédsed in standard reference method ISO
9869-1:2014. Main differences are based on a tbidkeheasurement of wall temperatures
and on an improved adhesion between temperatubegrand wall surface, with the aim to
reduce problems related to roughness and bad adhesxfi surfaces. Moreover, the
conditioning of at least one side of walls inveateyl is done, to assure the required difference
in temperature between internal and external aleleast 10°C), which otherwise would not
be ensured in the Mediterranean areas, to which phaiper refers. This last aspect is
particularly important also from a bureaucratic modf view: indeed, in terms of energy
upgrading of buildings, the Apulia Region may pdwevithat a feasibility study that includes
the transmittance measurement of the vertical wallst be completed within 30 working
days from the assignment of a contract. If withiis tperiod changings in weather conditions
makes difficult the measurement, the feasibilitydst would be compromised. Clearly, the
conditioning of walls helps to get rid from thisig.

The modified HFM method was applied on three caaesanternal wall and a perimetral
wall before and after the introduction of an outesulating layer (rock wool). Results
obtained were compared to theoretical U-valuesindtawith 1ISO 6946:2007, and also with
standard HFM method in case of the perimetral wahout insulating layer. Main results are
hereinafter summarized:

» the differences between U-values obtained with rtieelified HFM method and
theoretical ones were in the range 0.6—6.5 % fees@n which no high fluctuations
in temperatures were observed.

» the difference between U-value obtained with thedifired HFM method and
theoretical one was 29.4% for perimetral wall witkulating layer, in which high
fluctuations in external temperature was observed.

» The measurements performed on the perimetral walladter the conditioning of
the internal rooms (heating or cooling) assuredff@rdnce in temperature wall
surface between internal and external sides ofat|10°C. This was not assured
when the conditioning of internal room was not perfed. This aspect confirms
that the conditioning of rooms can resolve the |mwobrelated to variability of
weather conditions that may affect the measurements

» The modified HFM method provided a result closethe theoretical one, when
compared to that obtained with the standard HFMhowt(discrepancy with
theoretical value were 0.6% and 16.4%, respeciively

= In all the measurements performed, the amplitudehefthermal transmittance
oscillations, calculated in the last 24 hours, wess than 5% as requested by the
ISO 9869-1:2014.
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