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ABSTRACT

This study investigates wall heat transfer, including the optimization of wall layers in
Tehran’s buildings. This paper represents that poor wall structure has a positive effect
on energy costs and thermal comfort, as well as negative environmental degradation
because of using fossil fuels. The paper addresses the great relevance of thermal
transmittance to building energy performance and underlines the necessity for a
theoretical and practical analysis and experimental measurement of thermal behavior
of building components. In aspect of methodology of the current research, five common
wall details in Tehran local buildings are investigated, and their insulating options are
evaluated on the basis of Iranian building regulations. The thermal physique formulas
are the main tools used to calculate each wall’s thermal transmittance qualities, and
the results are presented under specific temperatures. This article presents the findings
of the heat transfer calculation for each wall type and discusses the variables and
equations used in the calculation procedure. The new formula relations are established
on the U-value, which is counted as the basis thermal property. This study plays a critical
role in the optimization of thermal transmittance of wall layers in energy-efficient
buildings. It has reviewed a wide range of studies related to wall heat transfer in various
environmental conditions in Tehran. As the main potential of this research, it will
help architects and designers select appropriate wall details that are energy-efficient,
especially in insulation materials. Further research work might also be extended to other
Iranian cities with different climates, considering eco-friendly insulation materials.
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INTRODUCTION

The existence of multiple building elements and
the amount of heat transfer from each one is a
key factor in determining the amount of thermal
transmittance of buildings at a certain time. Iden-
tifying the actual thermal performance of a build-
ing envelope—as one of the building elements—is
crucial for energy audits when decisions are made
concerning energy refurbishment and the imple-
mentation of energy-saving measures regarding
appropriate and cost-effective building technol-
ogy selection (Teni, Krsti¢, & Kosinski, 2019). Fur-
thermore, the thermal transmittance of the wall
is among those aspects that most affect energy
consumption (Bienvenido-Huertas, Moyano, Ro-
driguez-Jiménez, & Marin, 2019). In addition, heat
transfers through the building envelope (walls,
windows, and roofs) is a key factor that affect
the thermal comfort criterion(Alfarawi, Omar,
El-Sawi, & Al Jubori, 2022). Based on this fact and
insufficient attention to the building wall struc-
ture leads to higher expenditures from excessive
energy usage and of those within the interior area,
especially in Tehran. The analysis of building walls
is conducted in both quantitative and qualitative
aspects. Also, the different types of insulation and
their influence have been extensively studied in
several research studies. However, the inadequate
study conducted on the development of building
wall insulation materials in Tehran, the capital of
Iran, is being highlighted as a concern. The lack
of enough quantitative knowledge to this issue
has resulted in a detrimental effect on insulation
levels and the transmission of thermal energy.
Consequently, this is expressed as a research gap
on this subject. Therefore, the major objective of
this research is to conduct a quantitative study
on the heat transfer values of building walls (spe-
cifically external walls) in Tehran. In regarding
to the mentioned aim, the current study is being
assessed whole wall components and elements,
and then, they would be categorized to determine
the identified gap.

Wall thermal transmittance
The impact of thermal transmittance on the en-
ergy performance of a building indicates the im-
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portance of the materials used in construction
(Schiavoni, D'Alessandro, Bianchi, & Asdrubali,
2016). The theoretical and practical wall perfor-
mance canvary, particularly in high-performance
constructions (Long & Ye, 2016). A considerable
amount of building energy usage is directly re-
lated to the transmittance of wall layers (Soares
etal., 2019). As the topic is being investigated, an
intersection between engineering prowess and
environmental stewardship is found. Funda-
mentally, the thermal transmittance of the wall,
which is represented by the U-value, determines
the rate at which heat is conducted through
a structure. In the context of building energy
performance, experimental measurements are
crucial to better understand thermal behavior
and gain more information about building com-
ponents by using measurement systems, heat
flows, and air speed in both internal and exter-
nal environments (Evangelisti, Scorza, De Lieto
Vollaro, & Sciuto, 2022). The ability of a material
to reduce the thermal transformation quantity is
directly correlated with its low U-value. In other
words, a lower U-value indicates a material with
stronger thermal resistance, which means that
the material plays an effective role in preventing
heat from passing through the wall (Alkhalidi,
Kiwan, & Hamasha, 2021). Buildings, as one
type of common energy consumers, represent
both challenges and solutions. The thermal
performance of the wall enhancement can sig-
nificantly contribute to a reduction in energy
consumption in the built environment (Marush-
chak & Pozniak, 2022). It is noteworthy that the
that wall thermal transmittance is counted as a
multi-aspect procedure that must be recognized.
This involves the use of non-destructive labora-
tory and on-site methodologies to recognize the
thermal transmittance and behavior of walls,
windows, and other construction elements
using novel materials and methods (Soares et
al,, 2019), which requires a careful relationship
between material science, architectural design,
and engineering skills (Kishore, Bianchi, Booten,
Vidal, & Jackson, 2021). In the next section, more
effective substitutes for conventional choices are
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introduced, including foam boards and fiber-
glass batts that are being used as new insulation
materials (Mikulica & Labaj, 2016); however, the
landscape is evolving, and phase-change mate-
rials (PCMs) and novel composite insulation are
examples of these developments. For instance,
by storing thermal energy and releasing it
when needed, PCMs have been demonstrated
to improve building energy performance in an
impactful manner, which leads to more suitable
thermal management and lower energy usage
(Aghakhani, Ghaffarkhah, Arjmand, Karimi,
& Afrand, 2022). These materials enhance
insulation in the first place and provide oppor-
tunities for thinner and more space-efficient
construction. In accordance with the building
wall surface, it becomes obvious that achieving
a thermal resistance wall is beyond the techni-
cal challenge and is a collective responsibility
(Suvalov, Lomp, & Kalamees, 2023). Defining a
solution for wall heat transmittance is necessary
for a multidisciplinary strategy that includes
players from several industries. To manage wall
heat transmittance, a multidisciplinary strategy
comprising architects, engineers, and other in-
dustry actors is essential (Alfarawi et al., 2022).
Establishing a practical framework that archi-
tects can use to make appropriate insulation
choices is essential. In accordance with a study
conducted in 2020, with the goal of testing and
developing an appropriate procedure to evaluate
one of the envelope’s characteristic properties,
this study focuses on thermal transmittance of
the opaque component. Using this method, the
wall thermal transmittance of a few buildings in
Reggio Calabria, Italy was measured. A shorter
analysis time is needed to create new products;
however, environmental tests are costly and
time-consuming (Jamal, Boukendil, Abdelbaki,
& Zrikem, 2020).

Wall layer optimization

This study investigated three commonly used
types of insulation materials and a homogenous
multilayer building exterior wall structure,
and examined the impact of insulation type
and thickness on the dynamic thermal char-

acteristics of external wall structures in Japan.
According to the results, the type of insulation
used and its thickness have a considerable effect
on thermal transmittance (Yuan, 2018). Based
on another study that evaluated the thermal
insulation performance of metal-framed light-
weight walls, the primary envelope solutions
were identified. The thermal transmittance of a
typical facade module is optimized by analyzing
the thermal bridges at the first point, and then
the quantity of thermal transmittance of light-
weight metal-framed walls is calculated using
a specialized finite element method (FEM) tool
(De Angelis & Serra, 2013). In the research enti-
tled “Comparative analysis of building insulation
material properties and performance,” which
was published in Renewable and Sustainable
Energy Reviews, experimental tests and soft-
ware simulations using a numerical approach
were conducted assess the thermal performance
of some insulation materials. After comparison,
the results presented the strengths and limita-
tions of each insulation type. In accordance with
these findings, 50-60% of the comfort of the
interior space environment can be attributed to
the insulating layer on the envelope wall (Kumar,
Alam, Zou, Sanjayan, & Memon, 2020). In the pa-
per entitled “Thermal Performance Assessment
of External Wall Construction for Energy-Effi-
cient Buildings,” a standard wall structure that is
practical in Libyan residential buildings is found
through the use of a numerical method. This
study began by examining various extended
wall construction techniques and materials that
are frequently used in energy-efficient design.
Finally, polystyrene insulation was extended to
the outer wall, and the considerable achieve-
ment of this research showed a valuable heat
transmittance rate (Alfarawi et al., 2022). In the
article entitled “Optimizing the Evaluation of
Thermal Transmittance with the Thermomet-
ric Method Using Multilayer Perceptron,” the
authors investigated the application of artificial
neural networks, especially multilayer percep-
tions, in enhancing the accuracy and efficiency
of thermal transmittance evaluation using the
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thermometric method (Bienvenido-Huertas, Ru-
bio-Bellido, Pérez-Ordéiiez, & Moyano, 2019) In
the article entitled “Configuring Wall Layers for
Improved Insulation Performance,” the configu-
ration of wall layers is being examined through
a combination of theoretical models, software
simulations, and practical experiments. The
objective is to determine the best material and
layer combination to reduce heat transfer in one
aspect and increase insulation efficiency in the
other (Bond, Clark, & Kimber, 2013). In the article
entitled “Impact of Insulation Type and Thick-
ness on the Dynamic Thermal Characteristics of
an External Wall Structure,” the researcher in-
vestigates how the choice of insulation material
and its thickness influence the dynamic thermal
behavior of an external wall. Using this method,
the contribution of effective strategies for en-
ergy-efficient building design was determined
(Yuan, 2018). According to research entitled
“Thermal Inertia Characterization of Multilayer
Lightweight Walls: Numerical Analysis and Ex-
perimental Validation”, researchers conducted
an investigation about lightweight concrete
wall insulation layers’ to optimize both transient
situations and steady-state temperature condi-
tions. The purpose of this study was to examine
the thermal inertia behavior of walls in relation
to various insulation layer types (del Coz-Diaz,
Alvarez-Rabanal, Alonso-Martinez, & Martinez-
Martinez, 2021). To investigate the air layer
and its thickness in double solid walls, a study
entitled “Numerical simulation of coupled heat
transfer through double solid walls separated by
an air layer” assessed the thermal emissivity of a
double wall with an air layer. As aresult, the study
concluded that an air layer with a thickness of 5
cm could be a useful method for efficiently re-
ducing energy consumption (Evola et al., 2020).
In another research entitled “Investigating the
Impact of Exterior Window Shutters on Indoor
Climate Conditions in Humid and Temperate Cli-
mate” expresses that flexible envelope based on
some variables, having an inlet area of 12.5% to
25% could produce better inner climate (Milad,
Shahin, & Seyed Majid Mofidi, 2023).
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Heat Transfer

The influence of building materials and the ef-
ficient quality of construction are two aspects
related to buildings that are greatly affected by
heat energy transmission. Numerous investiga-
tions have been conducted to examine the quan-
tity of heat transfer via construction materials
and identify strategies for minimizing heat loss
from these materials (Abhishek Bhardwaj 2021).
In an article entitled “Thermal behavior im-
provement of building materials using expanded
polystyrene,” the investigator explored the use
of expanded polystyrene (EPS) as a key element
in improving the thermal behavior of building
materials. The research mentioned that expand-
ed polystyrene can effectively reduce heat trans-
fer through conduction (Ayed, Baddadi, Dellagi,
Bouadila, & Lazaar, 2022). Another important
factor is sustainable development, which is
considered a new platform that emphasizes the
economy, trade, and industry that supports the
environment and nature, and thermal transmis-
sion could significantly affect it. (Hosseini Rost-
ami, Baharestani, Sheikhi, & Malekafzali, 2019).

Theoretical Framework

The thermal performance of building walls
forms a vital component in the general energy
efficiency of buildings. A developed theoretical
framework incorporates aspects on wall thermal
transmittance, optimization of wall layers, and
heat transfer dynamics that provide a more de-
tailed and systematic approach to how material
selections and methods of construction can be
made to count toward energy performance.

- Wall Thermal Transmittance: Wall thermal
transmittance (U-value) measures heat flow
through wall layers, influencing energy effi-
ciency. Low U-values indicate strong insula-
tion, essential for high-performance buildings
(Schiavoni et al., 2016; Alkhalidi et al., 2021;
Marushchak and Pozniak, 2022).
Optimization of Wall Layers: Insulation ma-
terials (foam boards, fiberglass, PCMs) and
air layers in double walls can improve energy
efficiency. PCMs excel by storing and releasing
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thermal energy. Numerical analyses like finite
element methods help compare materials un-
der various conditions (De Angelis and Serra,
2013; Kumar et al., 2020; Evola et al., 2020).

- Material Innovation in Thermal Management:
Advanced materials like PCMs and composite
insulations support effective thermal perfor-
mance with thinner walls, while sustainable
options like EPS improve insulation with
minimal environmental impact (Mikulica and
Labaj, 2016; Ayed et al., 2022).

- Heat Transfer in Building Materials: Mini-
mizing heat transfer (conduction, convection,
radiation) in lightweight walls requires good
insulation for optimal thermal inertia in dif-
ferent conditions (del Coz-Diaz et al., 2021).

- Multidisciplinary Wall Optimization: A col-
laborative approach among architects, engi-
neers, and scientists in selecting materials and
methods tailored to local climate and building
needs is crucial for energy-efficient designs
(Alfarawi et al., 2022; Jamal et al., 2020).

MATERIALS AND METHODS

This investigation process is being done in three
main steps: typical wall selection, thermal
transmittance properties analysis, and thermal

transmittance calculation. In the first stage, it is
important to choose the walls to carry out the
calculation process, and it is based on the Teh-
ran building wall typology. After checking the
thermal physics characteristics of each of the
thermal insulation and materials, the thermal
properties of each of them will be calculated
based on the thermal physics formulas. And in
the last step, using the algebraic operations of
the formulas, the relationship between the heat
transfer rate and the wall area is calculated for
each of the wall typologies.

Typical wall selection

In this part, five typical wall details are intro-
duced in a local building in Region 1 of Tehran.
(Fig. 1a) presents the shape of the units selected
based on the Tehran typology plan. There are
numerous walls in the plan, and the northern
wall is the chosen part. The chosen wall length
is 10.40 m, as shown in (Fig. 1b). The typical wall
is implemented on the basis of three main cate-
gories, which include indoor layers, core layers,
and outdoor layers. Table 1 presents the layers,
and (Fig. 1c) shows typical wall layers graph-
ically. Indoor layers contain a gypsum panel (2
cm of thickness) and gypsum and soil (3 cm of
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thickness). The core layer is shaped from a ce-
ment block (10.5 cm of thickness), and the out-
door layer is made from cement plaster (3 cm of
thickness) and facade stone (2 cm of thickness).
First, it is necessary to determine the most useful
insulation materials in typical Tehran building
walls locally. Because of that, five types of insula-

tion layers are chosen on the basis of the Iranian
building code (the National Building Code). (Figs.
2 to 6) present five insulation layers in the cus-
tomized typical wall detail, and Table 2 presents
the properties of these insulations. (Tab. 1)
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o Thermal Insulation

|6Gypsum Iand:SQi[ ‘
e Gypsum Panel .

Indoor

Outdoor Outdoor

[é Facade Stone !é Facade Stone
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Figure 1c: typical building wall layers.

Figure 2: Typical Building wall
with Polystyrene insulation.
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Figure 3: Typical Building wall
with Fiberglass insulation.

Figure 4: Typical Building wall
with Rockwool insulation.
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Figure 5: Typical Building wall Figure 6: Typical Building wall
with Calcium Silicate insulation. with Polyethylene insulation.

Table 1: Wall model layers’ properties

Material Situation | Thickness (m) K (W/m.K) R-Value (m?.K/W) U-Value (W/m2.K)
1 Gypsum Panel 0.02 0.56 0.03 28.00
2 Gypsum and Soil Indoor 0.03 110 0.02 36.66
3 Thermal Insulation - - -
4 Cement block Core 0.105 0.70 0.15 6.66
5 Cement Plaster 0.03 1.00 0.30 3333
6 Facade Stone (Granite) Outdoor 0.02 173 0.01 86.50
Table 2: thermal transmittance calculation condition
Wall Type U-Value (W/m2.K) Area (m?) AT (°C) T(s)
1 Wall type 01 0.55
2 Wall type 02 0.56
3 Wall type 03 0.91 17.60 10 3600
4 Wall type 04 136
5 Wall type 05 138
Table 3: Insulation layers’ thermal properties
Material Thickness (m) K (W/m.K) R-Value (m2.K/W) U-Value (W/m2.K)
1 Polystyrene 0.04 0.034 117 0.85
2 Fiberglass 0.04 0.36 0.11 9.00
3 Rockwool 0.04 0.035 114 0.87
4 Calcium Silicate 0.04 0.084 0.47 2.10
5 Polyethylene 0.04 0.40 0.10 10.00
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Wall Types Area Calculation

In the first stage, basic part of calculation should
be determined, so based on the selected sample
of building wall which presented in (Fig. 1a - 1¢),
the wall area calculation is needed. As present-
ed in mentioned Figures, the wall dimensions
include length and height which are determine
10.40 meters and 2.70 meters. therefore, the
whole wall area can be calculated (Eq. A). Then,
the area related to the windows and terrace
should be reduced (Eq. B and C), and in this way,
the net wall area is being calculated (Eq. D).
Entire wall area = 10.40 * 270 = 28.08 m’

Equation (A)
Windows area =(1.30%1.20)+(2.00%1.20)+(2.00%1.20)

=156 m*+ 2.4 m*+ 2.4 m* = 636 m*

Equation (B)
Terrace area = 2.40 * 1.70 = 4.08 m*

Equation (C)
Net wall area =28.08 m* —6.39 m* —4.09 m* =17.60 m*

Equation (D)

So the wall area which is effective in the next
parts of the calculations is 17.60 square meters.

Wall Types Thermal Properties

In the next step, calculation of the wall thermal
properties should be conducted which include
Thermal resistance rate and Thermal trans-
mittance rate. The R-value (Thermal resistance
rate) and U-value (Thermal transmittance rate)
determine thermal transfer properties of each
wall, and the quantity of these two factors is
calculated through a calculation process based
on Formulas A-C. insulation layers’ effect is not
considered in this part.

According to the relation between thermal
resistance and thermal transmittance, the first
factor that needs to be calculated is thermal
resistance. Formula (A) shows us the method by
which it is possible to calculate the thermal re-
sistance (R-value rate). in this formula, it would
need to know each wall layer thermal resistance
rate (based on the Iranian building regulation
code), and add them together:

R =R +R +R +R +R +R

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6

Formula (A)

Total
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Or
Ry = X RLayers

According to Table 1 and Table 3, total ther-
mal resistance calculation process is being done

by (Eq. E).
R, =0.03+1.10+0.15+0.30+0.01=1.59 (mz. K/W)

Total
Equation (E)

So the thermal resistance rate of the selected wall
type is calculated based on the sample wall layers
which is presented in (Tab. 1) separately, and it equals
1.59 m?. K/W. After that, thermal transmittance rate of
the mentioned wall is needed. In accordance with the
referenced formula, to calculate the U-value, it would
need to reverse the quantity of the R-value. So (Eq. F)

shows the reverse process:
1

R, =—
Toul 1 Total
1

U, =——
Toal R Total

Equation (F)
Equation (G)

=0.62(W | m*.K)

Total = @

So the thermal transmittance rate of the selected
wall type is calculated based on the sample wall ther-
mal resistance rate, and it equals 0.62 m?. K/W.

There is a considerable factor in the calcula-
tion process of 5.1, and it is the effect of thermal
insulation materials in the wall thermal prop-
erties calculation. In another meaning, in the
mentioned calculation, the sample wall layers’
thermal properties were considered effective,
and there is not the influence of any thermal
insulation materials in them. So in this part, it
would be needed to add the effect of each insu-
lation materials properties to the walls.

According to (Fig. 2-6), the third layers are
the insulation materials and they are changed
in five types which are presented in (Tab. 3).
(Tab. 2) expresses the R-value and U-value of
the thermal insulation materials that are used
in the wall models (Fig. 2 - 6). Therefore, in
this step, the thermal properties (U-value and
R-value) should be calculated considering the
insulation materials. Sentences 1-5 show the
process of the U-value calculations in each wall.
It is considerable that the calculation procedure
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is being conducted based on the Formula (A), Eq.
(F)and (G).

Sentence 1. Typical Building wall with Poly-
styrene insulation

=0.62(m" K/ W ), Ry =117

179 (m. K 1W)

Total (Typical wall without insulation)

So R

Total (T}yn'cal wall with po/ys!yrene)

= 0.55 (W/mz.K)

Total (Typical wall with polystyrene) —
Sentence 2. Typical Building wall with Fiber-
glass insulation

U

= 0.62(m2.K/ W),R

Total (Typical wall without insulation) fiberglass

SO RTatal (Typical wall with fiberglass) :0'73 (mz. K/ W)
= 1.36 (W /m’. K)

UTnlal (Typical wall with fiberglass) —

Sentence 3. Typical Building wall with Rock-
wool insulation

=0.11

= 0.62(m2.K/ W),R

rockwool

1.14

Total (Typical wall without insulation)

So R 1.76 (mz.K/W)

Total (Typical wall with mckwm)l) =

= 0.56 (W/mz. K)

UToml (Typical wall with fiberglass) ~—

Sentence 4. Typical Building wall with Calci-
um Silicate insulation
R :O.62(mz.K/ W),R

Total (Typical wall without insulation)

=0.47

calcium silicate

2
So RTmu[ (Typical wall with calcium silicate) :1 09 (m K/ W)

U =091 (W/mz.K)

Total (Typical wall with fiberglass) —
Sentence 5. Typical Building wall with Poly-
ethylene insulation

— 2 —
RTumI (Typical wall without insulation) 0‘62(m 'K/ W)’ Rpo[ye!hy]ene - 0'10
2
So RTom[ (Typim[ wall with pnlye!hylene) :072 (m K / W)
_ 2
UTomI (Typical wall with fiberglass) — 1‘38 (W / m-. K)

Thermal Transfer Energy Calculation

As shown in (Tab. 3), all five wall models were
collected based on the technical details of the
wall layers, thermal resistance, and thermal
transmittance factors. From another perspective,
walls are categorized on the basis of the U-value,
which directly affects thermal transmittance. As
a summary of the wall models, insulation layer,
and U-value, (Tab. 4) is presented, and based
on that, Diagram 1 presents the U-value rating
in relation to the insulation layers. So, based on
the thermal properties and the energy transmit-
tance formula, the calculation of heat transfer in

the wall types is being conducted.
Q = kA (T Hot T Cold).t/d

The position of (d) inside the formula is
changed and the value of (k) is divided into it,
and it is written in Eq. (H):
0 =k/ (d). A (T,-T,).t/1000

Instead of k/(d) the expression (U) is placed
(Eq.(I))
kil (d) =U Equation (I)

and Formula (B) is rewritten in Formula (C)
Q= U.A. (T Inside T Outside).t/ 1000

Formula (C)

In this section, on the basis of the abovemen-
tioned Formulas, the thermal transfer quantity
of each wall is being calculated. Table number
2 expresses the factors for the calculation are
required to be performed by Formula (C).

U-values = mentioned in Table 5

Wall net area is calculated in Equation (D)
Tae = 20
Tousiae = 10

t = 1 hour (3600 s)

In the next step, the thermal transmittance
energy is calculated. Equations (]) to (N) present
the calculation process in 4.2.

Formula (B)

Equation (H)

Thermal Transfer Energy Equations

Based on the calculation was conducted and the
current research topic, the determination of the
relationship between the surface of each wall
(based on type of thermal insulation) and the
quantity of energy transferred is being conduct-
ed. The calculation process of this part is based
on the Formula (C), and the algebra process of
this formulation.

Wall Type 1
Q = U.A. (T Inside T Ouiside).t | 1000

Formula (C)
(Eq. ]) is changed and the area (A) quantity
is considered empty as it is shown in (Eq. O-1):
34848 KW = 0.55 * 4 = (10) * 3600 / 1000
Equation (O-1)
The sides of the tie are calculated, and it is
presented in (Eq. P-1):
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34848 KW = 19.8 * 4 Equation (P-1)

348.48 KW is replaced with Q and the rela-
tionship between Q and A is being showed. (Eq.
Q-1) shows:
Q=198 =4

Wall Type 2
O = U.A. (T Inside T Outside).t | 1000

Formula (C)
(Eqg. K) is changed and the area (A) quantity
is considered empty as it is shown in (Eq. O-2):
35481 KW = 0.56 * A * (10) * 3600 / 1000
Equation (0-2)
The sides of the tie are calculated, and it is
presented in (Eq. P-2):
354.81 KW = 20.16 * 4 Equation (P-2)
354.81 KW is replaced with Q and the rela-
tionship between Q and A is being showed. (Eq.
Q-2) shows:
Q = 2016 * 4

Wall Type 3
Q = U.A. (T Inside T Outside).t/ 1000

Formula (C)
(Eq. L) is changed and the area (A) quantity
is considered empty as it is shown in (Eq. O-3):
576.57 KW = 091 * 4 * (10) * 3600 / 1000
Equation (0-3)
The sides of the tie are calculated, and it is
presented in (Eq. P-3):
576.57 KW = 32.76 * 4 Equation (P-3)
576.57 KW is replaced with Q and the rela-
tionship between Q and A is being showed. (Eq.
Q-3) shows:
Q = 3276 % 4

Wall Type 4
Q = U.A. (T Inside T Outside).t / 1000

Formula (C)

(Eq. M) is changed and the area (A) quantity
is considered empty as it is shown in (Eq. 0-4):

861.69 KW = 136 * 4 = (10) * 3600 / 1000
Equation (0-4)

The sides of the tie are calculated, and it is
presented in (Eq. P-4):

861.69 KW = 48.96 * A

Equation (Q-1)

Equation (Q-2)

Equation (Q-3)

Equation (P-4)
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861.69 KW is replaced with Q and the rela-
tionship between Q and A is being showed. (Eq.
Q-4) shows:

QO = 4896 * 4

Equation (Q-4)
Wall Type 5
O = U.A. (T Inside T Outside).t | 1000

Formula (C)
(Eq. N) is changed and the area (A) quantity
is considered empty as it is shown in (Eq. O-5):
874.36 KW = 1.38 * A * (10) * 3600 / 1000
Equation (0-5)
The sides of the tie are calculated, and it is
presented in (Eq. P-5):
87436 KW = 49.68 = A Equation (P-5)
874.36 KW is replaced with Q and the rela-
tionship between Q and A is being showed. (Eq.
Q-5) shows:
O = 49.68+ A4 Equation (Q-5)

DISCUSSION AND FINDINGS

Wall types thermal properties calculation
According to what (Tab. 1 and 3) have men-
tioned regarding the thermal characteristics of
the materials (wall layering and also thermal
insulation) and also according to the formulas
A-C, the calculation of the thermal resistance co-
efficient (R-value) and the coefficient of thermal
conductivity (U-value) of the wall types are cal-
culated based on the mentioned process in the
discussion section. (Tab. 4) shows the mentioned
results. (Tab. 5) summarizes the wall types and
U-values based on the thermal insulation layers.

In accordance with the presented results of
Table 4, and its categorization in (Tab. 5), (Fig. 7)
presents the Thermal transmittance rate (U-val-
ue) of each wall types. It is obvious that the
U-value of Polyethylene is 1.38 W/m2. K, and it
is the highest one in comparison with the other
thermal insulation. It means that the quantity
of thermal transmittance of in Polyethylene is
higher than other insulation material.
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Table 4: Wall types layers and thermal properties

Wall Type R-Value (m2.K/W) | U-Value (W/m2.K)

» Wall type 01
1. Gypsum Panel

2. Gypsum and Soil
3. Thermal Insulation (Polystyrene) 179 0.55
4. Cement block

5. Cement Plaster

6. Facade Stone (Granite)

» Wall type 02
7. Gypsum Panel
8. Gypsum and Soil
9. Thermal Insulation (Rockwool) 176 0.56
10. Cement block
11. Cement Plaster

- Facade Stone (Granite)

» Wall type 03
12. Gypsum Panel
13. Gypsum and Soil
14. Thermal Insulation (Calcium Silicate) 1.09 0.91
15. Cement block
16. Cement Plaster

- Fagade Stone (Granite)

» Wall type 04
17. Gypsum Panel
18. Gypsum and Soil
19. Thermal Insulation (Fiberglass) 0.73 1.36
20. Cement block
21. Cement Plaster

- Fagade Stone (Granite)

» Wall type 05
22. Gypsum Panel
23. Gypsum and Soil
24. Thermal Insulation (Polyethylene) 0.72 138
25. Cement block

26. Cement Plaster

- Facade Stone (Granite)

Table 5: Wall types insulation layer and U-Value

Wall Type U-Value (W/m2.K)
1 Wall type 01 - Thermal Insulation (Polystyrene) 0.55
2 Wall type 02 - Thermal Insulation (Rockwool) 0.56
3 Wall type 03 - Thermal Insulation (Calcium Silicate) 0.91
4 Wall type 04 - Thermal Insulation (Fiberglass) 1.36
5 Wall type 05 - Thermal Insulation (Polyethylene) 1.38
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Figure 7: Wall types insulation layer U-Value

On the other hand, the quantity of thermal
transmittance rate (U-value) of Polystyrene is
0.55 W/m2. K, and it counts the lowest thermal
transmittance rate. So it shows the high effi-
ciency of Polystyrene, as a thermal insulation
material.

Based on the mentioned U-values and R-val-
ues of various wall types which present in (Tab.
4) and the U-value of walls which layered with
Polystyrene and Polyethylene, the efficiency is
a considerable factor. The comparison between
the mentioned insulation materials (Fig. 8)
and (Fig. 9), show the efficiency rates of these
materials. (Fig. 8) determines the thermal trans-

1.38

nuuvLUyH

Wall type 01 - Thermal
Insulation (Polystyrene)

Wall type 05 - Thermal
Insulation (Polyethylene)

Figure 8: Polystyrene and Polyethylene U-Value
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mittance rate (U-Value) of mentioned insulation
materials, and (Fig. 9) shows the thermal resis-
tance rate (R-value) of the insulations. In accor-
dance with the Figures, Polystyrene provides
more efficient insulation material.

Thermal transfer energy calculation

Upon performing the calculation of transferred

energy using Formula (C) and the values of the

variables listed in (Tab. 2), the resulting value is

determined in kilowatts in the discussion section.
(Eq.])to(Eq.N)presentthecalculationprocess.

Ot pe o1 = (0-55%17.60%10%3600) / 1000 = 348.48 KW

Equation (J)

1.79

Rt |

Wall type 05 - Thermal
Insulation (Polyethylene)

P e

Wall type 01 - Thermal
Insulation (Polystyrene)

Figure 9: Polystyrene and Polyethylene R-Value
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Ot pe 02 = (0.56%17.60%10 % 3600) /1000 = 354.81 KW
Equation (K)

Ot pe 03 = (0.91%17.60%10%3600) /1000 = 576.57 KW
Equation (L)

Ot npe 00 = (1.36%17.60%10+3600) / 1000 =861.69 KWW
Equation (M)

Ot wpe 0s = (1.38%17.60 10 3600) /1000 = 874.36 KWW

Equation (N)

All in all, there collection of thermal trans-

mittance (Eq. a-e), is presented in (Tab. 6) which
determine five main categories.

Table 6: Wall types thermal transfer energy calculation

Wall type | U-Value (W/m2.K) | Q(KW)
1 | Walltype 01 0.55 348.48
2 Wall type 02 0.56 354.81
3 | Wall type 03 0.91 576.57
4 | Wall type 04 1.36 861.69
5 Wall type 05 138 874.36
Ovatt pe polysyrene ~19-80 A Equation (Q-1)

Thermal transfer energy and area relationship

As it is presented in Table 6 and Figure 10, and
based on the mentioned condition (Tab. 2) and
the calculation (Formula C), the quantity of ther-
mal energy transmittance of wall type 01 is the
lowest amount of transmittance which equals
348.48 KW. On the other hand, the mentioned
quantity for wall type 05 is the highest that
equals 874.36 KW. So it shows the influence of
the thermal insulation layers. As it is pointed out
in (Fig. 8) and (Fig. 9) the difference of insula-
tion material s properties (U-value and R-value)
has effects in the heat energy transmittance. In
another meaning, the more efficient insulation
material (Polystyrene) prevents thermal trans-
mittance against with non-efficient insulation
material (Polyethylene).

Thermal transfer energy equations

the aforementioned variables and, the subject of
the current research, determination of the rela-
tionship between the surface of each wall (based
on type of thermal insulation) and the quantity
of energy transferred is calculated. The calcula-
tion process of this part is based on the Formula

Oy type rock wool -20.16 4 Equation (Q-2) (C), and the algebra process of this formulation
' is discussed in discussion section. The results of
Oyt spe Catcium siticare -32-70 A Equation (Q-3)  thjs procedure are presented in (Eq. F-]).
As (Eq. F) to (Eq.]) are presented, the new re-
Ovar e Fiberglass _48.96 4 Equation (Q-4)  lation between thermal transmittance quantity
(Q) and wall area (A) is extracted. These ques-
Ot e povernyiene - 49-68 4 Equation (Q-5)  tions can be analyzed in two aspects. Firstly, is
1000
874.36
900 861.69
800
700 576.57
600
500
400 348.48 354.81
300
200
100
0
Wall type 01 - Wall type 02 - Wall type 03 - Wall type 04 - Wall type 05 -
Thermal Insulation ~ Thermal Insulation  Thermal Insulation  Thermal Insulation  Thermal Insulation
(Polystyrene) (Rockwool) (Calcium Silicate) (Fiberglass) (Polyethylene)

Figure 10: Wall types Thermal Transmittance Energy
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about the quantity of the coefficient multiplied
to A. It depends on the calculated thermal prop-
erty (U-value). It means that by increasing the
thermal conductivity of insulation materials,
the coefficient factor is being increased. As it is
obvious in (Eq. F-]), the coefficient in Polyeth-
ylene equation is more than coefficient of (Eq.
F), which related to Polystyrene. On the second
perspective, the achieved equation can be able
to help architects and building designers to
have an estimation about the thermal energy
transmittance based on the designed walls in
building and the selected insulation material for
them. The main advantage of this process is that
architects can check the estimation results and
also they can change insulation material type as
an effective factor to achieve the best thermal
transmittance result in their project.

Comparison with the previous researches

The current study enhances the previous re-
search on insulation in Iranian buildings over
various climates with a specific emphasis on
mathematical formulation, rather than software
simulations. (eskandari, Maddahi, & Khosrozad,
2017) considered the cost-impacting insulation
for energy consumption in Yazd, Tehran, and Ta-
briz by Energy Plus simulation, but in the current
study, a mathematical approach has been used
to investigate the effect of insulation on the ther-
mal transmittance in Tehran. (Rosti, Omidvar, &
Monghasemi, 2020) investigated ideal insulation
thickness, energy savings, and payback periods
for various modern wall types across eight
Iranian cities. In contrast, this study uniquely
establishes a quantitative relationship between
thermal transmittance and wall area, enabling
architects and designers to perform independent
calculations and apply energy-saving strategies
tailored to specific building requirements.

Other studies have been conducted on other
aspects of insulation and wall types. (Moham-
mad & Shea, 2013) for example, compared
modern wall materials to the traditional clay
and brick in Tehran with the view of coming up
with energy-efficient wall types. The study is
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unlike this since it focuses directly on thermal
insulation material which has been used to
give guidelines on the selection of appropriate
insulation in order to enhance building energy
efficiency. Similarly, (Ramin, Hanafizadeh, &
Behabadi, 2015) analyzed optimum insulation
thickness and positioning in wall layers. The re-
search focus was on conventional materials like
concrete and brick. This research fixes insulation
positioning and varies insulation materials to
analyze thermal performance. Other related
works include (Rosti, Omidvar, & Monghasemi,
2019), who analyzed insulation layer positioning
in the walls conditioned with earth-air heat ex-
changers, focusing on time lag and heat transfer
rate. (Zerroug & Dzelzitis, 2019) analyzed insula-
tion thickness by using the eQUEST tool, show-
ing that beyond a certain insulation thickness,
energy savings started to diminish. While these
studies focus on thickness and positioning, this
one focuses on how wall area affects energy con-
sumption when combined with different insula-
tion materials. The study quantifies the relation
between wall area and thermal transmittance; it
also gives a tool that can be used practically by
designers to study optimization regarding ener-
gy performance in early phases of the project.
In Iranian climates, this further advances insu-
lation material selection beyond basic thickness
and configuration considerations.

RESULT AND CONCLUSION

The article assesses the thermal transmittance of
typical Tehran building walls and the optimiza-
tion of insulation materials in terms of increased
energy efficiency and comfort. In general, this
work evidences that different insulation types
are reflected in thermal transmittance and wall
resistance, providing useful information for
energy audits and renovation planning oriented
toward the reduction of energy consumption in
buildings.

This research methodology selected some
of the most common Tehran building wall
types, calculated their thermal properties, and
evaluated a number of insulation materials. It
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follows from the results that there are signifi-

cant U-value differences among these insulation

materials: from a high efficiency of 0.55 W/m2.K

for polystyrene insulation to a low one of 1.38

W/m2K for polyethylene. This shows the im-

portance of proper insulation selection for wall

thermal performance improvement.

The thermal formula was used in calculating
the heat transfer through walls; it was noted
that polystyrene insulation had the least ener-
gy transferred, approximately 348.48 KW, and
polyethylene had the highest, approximately
874.36 KW. This indicated that appropriate
insulation is crucial in minimizing energy con-
sumption while maximizing comfort. Though
various studies have used simulation methods
for this kind of study, this study employed a
mathematical model approach specific to the
climatic characteristics of Tehran, which relates
wall area to thermal transmittance. This meth-
odology supports designers and architects in
the initial phases of a project to estimate energy
performance and choose efficient locally avail-
able insulation for building walls.

To conclude, this research fills a crucial gap
in the quantitative analysis of the wall ther-
mal transmittance in Tehran’s building, which
emphasizes the need for effective insulation
materials to approach the goal of energy effi-
ciency in Tehran. efficiency, which contributes
to sustainable building practices and environ-
mental impact reduction. The findings provide
a valuable resource for stakeholders involved in
building design and construction in Tehran, the
main city of Iran. As for the specific points, the
conclusion includes:

- First, architects who want to design an archi-
tectural residential plan in Tehran can deter-
mine the best exterior wall detail according to
the available materials. In another sense, they
can use the relationships and formulas of this
research to determine wall thermal transmit-
tance quantities based on locally available in-
sulation materials, so they can make the best
decision in this case.

- Second, researchers who want to investigate
building wall thermal transmittance in Tehran
can develop acquired relations and formulas
for different variables, like indoor and outdoor
temperature differences, for other cities in Iran.

- The third advantage of the obtained relation-
ships is the software simulation of buildings
in terms of thermal transmittance. This means
thatinvestigators whowantto conductresearch
on building thermal factors can determine the
quantity of wall thermal transmittance in the
five materials based on the wall area.
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