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Computational and Experimental Investigation of Walls’
Thermal Transmittance in Existing Buildings

Arash Rasooli

T U D e I f t Faculty of Mechanical, Maritime, and Materials Engineering
Delft University of Technology, Netherlands

Introduction Part 2: Experiments Results of Experiments

Buildings, accounting for nearly 40% of total energy The most well-known in-situ method for determination of the Validation of EPM (2 hours) by ISO 9869 (2 weeks)
consumption in Europe, play a key role in energy savings [1] Rc-value is the one introduced by the international standard

e . N ) : ; _value: _value:
As a consequence, the definition of building energy labels IS0 986_9 [9] and the American standard.ASTM [10]3 S(i?lfley &S"gt 3‘;;?;33) Rcsrznlazrhso RCE‘?N? ¢
has become mandatory as a part of EPBD (Energy demanding a very long measurement period. Accordingly, . e e W S o
Performance of Building Directive). In the Netherlands, there is a need for an in-situ measurement method to aid in ! s Sy SO/ gz
ISSO publication [2, 3,4], as a part of EPBD, prescribes determination of the thermal resistance Re-value of existing 2 16 Days 0.77 M*KW* 078 m*KW= +1.2%
calculation methods leading to an estimation of the energy walls in a quick, feasible, and cost-efficient, and accurate way. 3 14 Days 1.57 m*KW* ~ 1.60m*KW*  +2.0%
consumption in buildings. However, these values have From this part of the thesis, a scientific article is published [7]
shown to be strongly deviating from the actual consumption at the journal of Energy and Buildings. The results obtained by EPM show a good agreement with

[1, 5]. The deviation is higher in buildings with poor energy the ones obtained by the standard method ISO 9869 [9].
labels, leading to an overestimation of the energy use for

1 . Accordingly, EPM has been compared to the Rc-values
heating by a factor two. This is suspected to relate either to EXClt atlon Puls e M ethOd

suggested based on construction period (Dutch energy

the calculation method, or to inaccurate inputs being fed to labeling method) to illustrate the possible overestimations.

it. Majcen et al. [6], performing a sensitivity analysis,
showed that the energy models are very sensitive to some of

Rc-value: EPM vs Construction Period

the input data such as U-value of the walls. In the Based on the theory of response factors, a rapid, in-situ, fully
Netherlands, in case of lack of information regarding this transient measurement method is developed at Delft Scalee Conzﬂ'““m“ ic'valufzi ;}C'Val“e& Difference
variable, which is mostly the case in older buildings, the U- University of Technology, Netherlands, to aid in rapid ey bl Ssume easure

o e o . . . . 2 -1 2 -1 (o)
value is not being measured, but suggested based on determination of the Rc-values in existing walls. 1 1933 0.19 m2KW*  0.172 m2KW +5.6%

) ) . . ey o 2 -1 2 -1 _ 0O,
construcftlon.perlod3 conveying a strong possibility of a very 8| 2 1964 0.19 m*KW™  0.78 m*KW 76%
poor estimation taking place in such cases. 2 ! ! 3 1680 0.19 m2KW- 1.6 m2KW-! -88%

.E B . .
1 U-value: EPM vs Construction Period
Input , 7 X,
Assumptions Methods Output =1 Case Energy Label U-value: U-value: Difference
Dccupant ‘ ‘ 2 X, Study Assumed Measured
[ paidmgs ] : Conmney tion o Time Step 1 F 2.76 Wm2K! 2.92 Wm2K -10%
i edictions ~1r
| ermo-blysieal » Energy Models Predicti N: : . 2 E 276 W K" 105 Wm?K®  +163%
" " Physical Energy Labels E ip ” o - 3 F 2.76Wm=2K!' 0.56 Wm=2K~! +393%
Parameters f Energy Saving 7 E E \a YD Y1 Y2 Y,.
______ i Time St S SR SNt S N — c c c c
| Calculations | Potentials e =3 Determination of Re-values based on construction period
______ N N TN — can result in up to about 400% overestimation of Thermal
G, = Z X, T — z Y,Ti G, = ) YTEi - z X, Tt Transmittance U-value and therefore the energy demand.
i=0 i=0

Part 1 : Slmul atlons Theory of Response Factors: heat flux responses to a triangular COnChlSiOn

surface temperature excitation pulse

In the first part of this thesis, simulations are investigated
in order to study the possible overestimations caused by the EPM Simulations:
calculation method. Two main aspects are studied:

1. The test area of the wall is allocated by an IR camera The dynamic simulation of the walls does not change the
Dvn amic vs Static Simulation 2. Two thermocouples and two heat flux meters are results of energy demanfl prediction, as long as they are
"~ mounted on two sides of the wall opposite to each other. summed over a long period. However, for the hourly
Dtk T G 3. Meanwhile, the data from these sensors are gathered, calculations, there is a clear discrepancy between the
" % A - converted, and stored in a data logger unit. dynamic and static simulation. The stability of heat flow
A et (@ sotwan 4. An insulating box is mounted on the exterior surface of and temperature fluctuations in dynamic simulations can
ol the wall to avoid the fluctuations explain a part of thermal comfort (e.g. wall’s radiant
. 5. Linear heating by an IR heater to a pre-defined temperature) and therefore occupant behavior. Moreover,
— A triangle’s amplitude. certain §implifications within the energy labeling
e R 6. Linear cooling by dimming the heater followed by forced calculations are shown to be responsible for a part of the
- . convection by fan. After a few time intervals, the test overestimations.
Dynamic Simulation . Dynarpic Simulation may stop
Response factors Method [8] Finite Difference Method EXp erim ents:

Excitation Pulse

(Surface Temperature)

EPM is fully transient, quick, cost-efficient, and reliable.
It helps measurement of the Rc-value of a wall within a

Heat Flux
Sensor

Detailed vs Simplified Simulation

Wim2

Q, - = Thermal Response Y couple of hours (in contrast with the conventional
== . => M@ methods requiring weeks of monitoring). EPM has an
. S => : t accuracy comparable to the existing standard ISO 9869
Qvenﬁlation T —— l .
4; t Thermo |‘| [9] and therefore, has the potential to be further
Thermal Response X e 'l developed and applied to energy labeling inspections. In

f

(Heat Flux inside)

case of unknown constructions, it is highly recommended
to use EPM as an alternative to the Rc-value suggestions
Qeonvection based on construction periods.
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EPM experimental setup: linear heating followed by linear cooling
Detailed Simulation Simplified Simulation R f
Thermal Network Single Control Volume The data being processed, it is shown in the thesis that the RFs e erences

derived, lead to the equivalent Rc-value of the wall using the

o o following equation: 1. Majcen, D., L. Itard, and H. Visscher, Theoretical vs. actual energy
Re S u1t S O f th e S 1 mul atl O n S _1 consumption of labelled dwellings in the Netherlands: Discrepancies
and policy implications. Energy policy, 2013. 54: p. 125-136.

n
Rc = 2 X E(Xi + Yl) 2. ISSO, 82.3, Energieprestatie Advies Woningen Formulerstructuur. 2011,
1. The results obtained by the two dynamic methods are , ISSO publicatie. . .
identical. It has been shown how different can the effect =0 3. ISSO, 60, U en R-waarden van bouwkundige constructies. 2005, ISSO
’ publicatie
of heat storage due to the thermal mass be when : : : : :
4. ISSO, 82.1, Energieprestatie Advies Woningen Energielabel + algemeen
aggregating from hourly to monthly/yearly calculations. ISO 9869 Standard Method deel. 2011, ISSO publicatie.
> P o 5. Ioannou, A. and L.C.M. Itard, Energy performance and comfort in

Bt :
*

residential buildings: Sensitivity for building parameters and occupancy.
Energy and Buildings, 2015. 92(0): p. 216-233.

6. Majcen, D., L. Itard, and H. Visscher, Actual and theoretical gas
consumption in Dutch dwellings: What causes the differences? Energy
Policy, 2013. 61(0): p. 460-471.

7. Rasooli, A., Itard, L., & Ferreira, C. I. (2016). A response factor-based

2. The most obvious simplifications suspected to be
causing overestimation of energy consumption include:

«Determination of heat transfer between adjacent rooms
with similar air temperatures
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w W -
=3 - . o :
~ ~ i = s l
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«Definition of the combined radiative-convective heat . P method for the rapid in-situ determination of wall’s thermal resistance
e EPM test lidated in th tudies in the Netherl in existing buildings. Energy and Buildings, 119, 51-61.

transfer coefficients ssttodl gl el eifedl e ifi0ise L TEhes i dus Ntk 8. Mitalas, G. and D.G. Stephenson, Room thermal response factors.

Different definitions of solar gains (by the surfaces or by In three case studies, EPM has been validated using the ASHRAE transactions, 1967. 73(1): p. 1- o

the air) Average M ethod of the standard ISO 9869 [11]: 9. ISO, E., 9869-1: 2014(E). Thermal insulation - Building elements - In-

situ measurement of thermal resistance and thermal transmittance, Part
1: Heat flow meter method, 2014.

«Including/excluding the solar gains by exterior surfaces n n
R, = z AT / Z q 10.ASTM, C 1046-95 (Reapproved 2001): Standard practice for in-situ
i=1 i=1

measurement of heat flux and temperature on building envelope
components. Annual Book of ASTM Standards, 2001. 04.06.
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