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ABSTRACT

Cooling demand in hot, humid climates is driven primarily by heat gains through the
building envelope, particularly through opaque wall elements. Conventional static
insulation systems reduce steady-state heat transfer but are limited in their ability to
dissipate stored heat and respond dynamically to transient thermal loads. This study
presents a comprehensive assessment of an actively ventilated hollow precast wall system
designed to enhance heat removal through low-speed forced airflow within an internal
cavity. A coupled analytical and numerical methodology is employed to quantify airflow-
dependent thermal resistance, heat flux reduction, and transient thermal response under
conditions representative of hot climates. The results demonstrate that introducing very
low airflow (approximately 0.1 m/s) increases the effective thermal resistance by about
28% and reduces heat transfer by more than 50% compared with a non-ventilated wall.
The most significant performance improvement occurs during the transition from natural
to weak forced convection, while higher airflow rates yield diminishing returns. The
findings indicate that actively ventilated hollow precast walls can function as low-energy,
hybrid passive—active envelope systems with strong potential to reduce cooling loads in
tropical and subtropical buildings.

Keywords: Actively ventilated wall; Hollow precast wall; Dynamic insulation; Thermal
resistance; Building envelope energy performance.

1. Introduction

The research on the hollow precast wall focuses on a design that integrates an air blower system
at the base of the panel. This system introduces cool air into the hollow core of the wall, which is
then forced upward through the panel's chambers. As the air moves through, it absorbs and removes
excess heat, expelling it through strategically placed exhaust holes at the top of the panel. This
continuous airflow actively manages heat retention and enhances the wall's thermal mass [53].
Inspired by the Ventilated Hollow Core Slab (VHCS) system, this wall panel is designed to address
heat load removal in building structures, providing a more efficient thermal mass solution than
traditional systems [16]. By utilizing forced air movement, the panel rapidly dissipates heat that
accumulates in its hollow core, improving energy performance and helping maintain indoor thermal
comfort [13].

This design is particularly advantageous in hot climates, where passive cooling techniques are
essential to reduce dependence on mechanical HVAC systems [51]. The hollow precast wall is
engineered to reduce peak thermal loads significantly. The system actively channels cool air through
the hollow core, minimizing heat retention and optimizing the wall's thermal mass performance [33].
This not only lowers the wall’s internal temperature but also reduces strain on mechanical cooling
systems by lessening the building's peak thermal load. As a result, it contributes to energy efficiency
by reducing air conditioning demand while maintaining stable indoor temperatures during the hottest
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parts of the day. The continuous airflow within the wall ensures rapid heat dissipation, preventing
heat buildup and effectively managing peak loads [64]. This system offers greater thermal regulation,
particularly in high-temperature environments, making it a highly effective passive-cooling solution
for energy-efficient building designs.

Sandwich panels are widely used in prefabricated buildings due to their cost-effectiveness, rapid
installation, and strong thermal insulation. They typically consist of an insulating core between
coated galvanized steel sheets and offer advantages in maintenance, dismantling, and heat retention.
However, increasing demands for building energy efficiency and fire safety have driven the need for
further improvements in their thermal and fire-resistant performance. Studies show the energy-saving
potential of optimized insulation systems. Mohsen and Akash [4] reported that proper insulation can
reduce building energy use by up to 77% and lower CO: emissions by 27%. Mahlia et al. [43]
concluded that the optimal insulation thickness occurs when the additional material cost outweighs
the energy-saving benefits. Other research identifies temperature, moisture, density, thickness, and
airflow velocity as key determinants of insulation performance. Marani and Madhkhan [45]
demonstrated that phase-change materials in concrete sandwich panels can reduce interior wall
surface temperatures by 5.4°C. Lee and Pessiki [8] found that triple-layer concrete panels with
staggered connections provide higher thermal resistance than double-layer panels. Additional
findings include superior low-temperature performance of air-laid feather fiber insulation compared
to elastomeric foam, and a 20% increase in heat flux through walls with joint defects, as observed by
Nardi et al. [30]. Ochs et al. [48] emphasized that elevated moisture content significantly degrades
insulation performance.

Research on fire resistance has also expanded. Pereira et al. found that cork-core sandwich panels
with GFRP skins improve fire resistance, while Ma et al. [42] showed that ceramic concrete panels
reinforced with alkali-resistant glass fibers achieve a 5% increase in fire resistance. Proenga et al.
[50] reported that adding calcium silicate boards enhances fire resistance by a factor of three to four.

Wind-induced pressure variations across building surfaces play a critical role in shaping
ventilation patterns and thermal performance, especially in systems that integrate dynamic insulation
or active wall technologies. As wind moves around a structure, external pressure fluctuates with wind
speed, direction, building geometry, and site exposure. The equation describes this relationship:

1 (1)
Py—PF = Cp(E pavg))

where P, is the reference pressure, C, is the wind pressure coefficient, p, is air density, and v2 is
wind velocity at the building height. Studies by Liddament [38] and CIBSE provide reference C_p
values for low-rise buildings, illustrating variations in wind pressure across different surfaces. In
dynamic insulation systems, these wind-induced pressures directly influence heat flow. For a square
low-rise building exposed to 5.7 m/s wind at an 8 m ridge height, with indoor pressure set to —10 Pa,
the pressure difference across side walls becomes zero, resulting in contra-flux operation and very
low effective U-values (0.0008 W/m2K on the windward side and 0.1 W/m2K on the leeward side).
When wind speeds exceed 5.7 m/s, portions of the wall shift into pro-flux, increasing U-values
significantly—up to 0.36 W/m2K at 9.0 m/s, higher than a well-sealed envelope (U = 0.2 W/m?K)
[38]. If these external pressures penetrate the envelope, they may disrupt indoor pressure fields,
reduce the performance of passive or active thermal systems, and increase infiltration, especially in
buildings with ventilated cavities [5]. To address these variables, this research includes a full-scale
test bed or mock-up box to isolate conditions such as solar radiation, wind, and rainfall. Controlled
airflow enables accurate determination of the active R-value for use in energy simulations [56] [57].
Additionally, integrating site-specific wind speed distributions (e.g., Rayleigh curves) helps estimate
how frequently the wall operates in high-loss pro-flux conditions [3]. Locating dynamic insulation
in ceilings—where pressure fields are more stable—is another strategy for mitigating wind-related
fluctuations.
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Despite growing interest in leveraging building mass and ventilated cavities, most research
prioritizes floor and slab systems, while wall-based adaptations remain underdeveloped. Ventilated
hollow-core slabs have well-documented thermal mass benefits, but equivalent wall systems lack
validated studies and field evidence [1]. Reviews of dynamic insulation show three persistent
knowledge gaps: reliance on simplified analytical models, lack of standardized metrics for active R-
value measurement, and limited quantification of wind-induced transitions between contra-flux and
pro-flux modes [34] [38]. These gaps pose risks for designers, as predictions of heat removal, airflow-
dependent R-values, and annual energy performance remain uncertain—particularly in tropical
climates, where external forcing differs from that in temperate climates [37]. This study addresses
these issues through three main contributions: (1) an experimentally validated dataset and test
protocol for active ventilated wall panels, including full-scale or hot-box testing with clear boundary
conditions and uncertainty analysis; (2) a combined CFD and transient heat-transfer study to evaluate
effects of cavity geometry, airflow, inlet temperature, and wind speed on effective thermal resistance;
and (3) a practical design framework defining Rtotal(V) relationships, criteria for beneficial versus
detrimental ventilation regimes, and site-specific recommendations for tropical savanna climates.
Together, these contributions reduce uncertainty, provide validated design tools, and establish a
reproducible methodology for future research and standardization.

Static insulation, although widely used, presents several limitations that reduce its long-term
thermal performance [25]. Air leakage is a primary issue; insulation can settle or compress over time,
creating voids that allow air infiltration, especially when installation is poorly executed [35]. Thermal
bridging further undermines envelope performance by allowing conductive structural components to
bypass insulation and accelerate heat transfer, thereby increasing energy loads [32]. Static systems
also lack dynamic heat management, resulting in temperature stagnation, overheating in hot seasons,
and overcooling in cold seasons, which increases HVAC demand and reduces comfort [27]. Dynamic
insulation enables the building envelope to modulate its thermal transmittance in response to
environmental conditions [18].

Acting as an integrated heat-exchange system rather than a passive barrier, dynamic insulation
reduces HVAC loads, mitigates air leakage, and limits thermal bridging by redistributing heat flow.
Its ability to regulate heat transfer directly addresses issues associated with static insulation,
including overheating and overcooling. Numerous strategies incorporate air layers into envelopes to
reduce conductive and radiative heat transfer [62]. Systems such as Trombe walls, double-skin
fagades, photovoltaic facades, multi-layer windows, and airflow windows have demonstrated
significant reductions in surface temperatures and attenuation of heat flux. For example, Trombe wall
studies show that occlusion devices can lower exterior temperatures by more than 30°C, while
closing ventilation openings delays heat transfer. Porous exhaust-air insulation walls effectively
reduce inward heat flux [57], and double-skin fagades have been shown to reduce indoor
temperatures [12].

Low-emissivity coatings in double glazing further diminish radiative heat transfer within air
cavities [23]. Energy-saving building envelope strategies are commonly categorized according to
whether the air layer is ventilated. Without ventilation, the stagnant air increases wall thermal
resistance due to air’s low conductivity [24]. With ventilation, unsteady convective heat transfer
removes heat before it enters indoor spaces, significantly reducing heat flux—an effect amplified by
higher airflow velocities [39]. Recent emphasis on energy efficiency and indoor comfort has renewed
interest in passive and low-energy systems that minimize reliance on mechanical conditioning [6].
Increasing the effective thermal mass of building materials is a key strategy [60]. Systems such as
the Ventilated Hollow Core Slab (VHCS), Active Hollow Core Slab (AHCS), or TermoDeck employ
slab mass for thermal storage, enabling passive heating and cooling and maintaining indoor
temperatures with minimal mechanical input [22].

Ventilated wall concepts further extend these principles. Hollow block ventilated walls [29]
combine airflow with concrete hollow blocks to dissipate stored heat in summer and recover heat in
winter. Their performance depends on airflow velocity, inlet temperature, and cavity size.
Experimental validation shows that ventilated walls achieve inner surface temperatures of 24.8—
27.0°C, reduce heat flux by more than 55%, and exhibit decrement factors as low as 0.209 at airflow
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rates of 0.3 m/s. Larger cavities and moderate airflow velocities optimize performance, while inlet
temperatures of 26°C remove up to 67.75% of heat. Recommended airflow velocities range from 1.8
m/s for natural cooling to 0.3 m/s for AC exhaust. The Interlocking Passive Brick Set [65] introduces
a dynamically regulated passive cooling system featuring interconnected cavities that promote
natural convection. Its U-values range from 0.0354 to 0.2246 W/m?-K, reflecting high insulation
performance combined with effective heat dissipation.

Airflow rates of 0.0061-0.0179 CFM enable passive cooling, reducing reliance on HVAC
systems and supporting adaptable configurations for varied climates. Ventilated building envelopes,
whether passive or active, present a promising approach to enhancing thermal performance and
energy efficiency [31]. Passive systems such as hollow-core walls and interlocking bricks already
demonstrate the capability of ventilation cavities to manage heat transfer. However, most existing
research focuses on passive ventilation driven by environmental conditions, which can limit
performance in climates with low temperature differentials or unreliable airflow. A significant
research gap remains in integrating active ventilation mechanisms directly into wall structures.
Currently, mechanical ventilation exists at the building systems level (e.g., HVAC), rather than
within individual envelope components. Embedding active airflow pathways within walls could
reduce thermal lag, enable targeted heat removal, and improve performance in high-mass or extreme-
climate buildings [46]. Such systems could also be paired with renewable energy sources (e.g., solar-
powered fans) to operate with minimal energy input.
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Figure 1. The schematic of the heat transfer, heat removal, and heat expulsion processes of the
hollow precast wall on the right side of the diagram illustrates the schlieren imaging of thermal
movement in the lower part of the building envelope, and the left side illustrates the thermal
movement of the upper part.

2. Material and Method

The methodology for researching the hollow precast wall with active ventilation integrates
theoretical modelling, CFD-based simulation, and a numerical experimental framework that
functions as a substitute for physical testing. The system employs an air blower at the base of the
wall that supplies cool air into the hollow core, forcing it upward through internal chambers where
it absorbs heat before being expelled at the top. This forced convection dynamically reduces heat
retention and enhances thermal mass behavior, offering significant advantages in hot climates where
reducing HVAC dependence is essential [2][40]. The study is grounded in a quantitative modelling
framework that couples predictive physics-based calculations with numerical simulation to align
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theoretical predictions with experimental analogs and to refine key parameters governing heat
transfer and airflow [55][49]. Initial analysis focuses on material characterization—thermal
conductivity, density, specific heat, and diffusivity of lightweight concrete and air—which enables
application of Fourier’s Law and the transient heat diffusion equation to evaluate temperature
gradients and unsteady heat conduction. Empirical boundary and initial conditions are incorporated
to calibrate and validate theoretical outputs [44][15].

A three-track integrated methodology is adopted: (a) analytical and transient heat-transfer
modelling to establish baseline behavior, dimensionless parameters, and conduction—convection
interactions; (b) high-resolution CFD and conjugate heat-transfer (CHT) simulation to resolve
coupled air—solid dynamics within the cavity and across wall surfaces; and (c) numerical “virtual”
experimentation to generate validation data and quantify uncertainty. The analysis includes detailed
3D geometry definition, material property specification, and buoyancy modeling using either the
Boussinesq approximation or full temperature-dependent density.

CFD simulations are conducted using validated solvers (ANSYS Fluent, COMSOL, or
OpenFOAM) with pressure-based transient algorithms, RANS (k—w SST) for parametric studies, and
LES for selected high-fidelity cases. Radiative exchange is captured through view-factor or DO
radiation models, and the solver resolves full conjugate heat transfer across concrete layers and the
cavity air. Mesh independence, time-step independence, and Richardson extrapolation ensure
numerical accuracy. Boundary conditions replicate realistic indoor and outdoor environments,
including ambient temperature variation, wind-induced pressure, and prescribed inlet temperatures
or mass flow rates.
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Figure 2. Schematic of the Research Objectives for the hollow precast wall: The right side of the
diagram illustrates the research objectives across three dimensions: the x-axis, the y-axis, and a
one-dimensional point. The left side represents the broader scope of the research objective,
focusing on thermal movement.

Dimensionless analysis employs Fourier and Biot numbers to characterize transient conduction
and the conduction—convection interface. Radiative exchange applies Kirchhoff’s Law and the
Stefan-Boltzmann Law, while convective heat transfer uses Nusselt number correlations based on
Reynolds and Prandtl numbers. Stack-effect-driven mass flow and Reynolds number calculations
classify the airflow regime and quantify the blower’s contribution to thermal performance. Wind-
speed-dependent thermal resistance is evaluated by relating forced-convection enhancement to
changes in convective heat transfer coefficients. Baseline thermal resistance is calculated under still
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air; increments in wind velocity modify internal and external convective coefficients according to
empirical power-law functions [63] [10]. Results show sharp reductions in R-value during the
transition from natural to forced convection, followed by gradual stabilization as wind speed
increases, characterizing the dynamic response of the active envelope [14]. Verification and
validation rely on benchmarking against analytical solutions and published experiments on ventilated
walls and cavity flows [29] [39] [45].

A numerical “virtual hot-box” estimates active R_total(V) by imposing tightly controlled
interior—exterior boundary conditions and converting simulated heat fluxes to equivalent R-values,
ensuring methodological comparability with standardized hot-box testing. Uncertainty quantification
uses Monte Carlo or Latin Hypercube sampling on thermal properties, emissivity, inlet temperature,
and flow rate; sensitivity analysis identifies the dominant parameters influencing R _total(V) and
surface-temperature performance. Outputs include temperature fields, heat-flux distributions, cavity
mass-flow rates, radiation contributions, Nusselt numbers, and R _total(V) curves for varying
ventilation rates and wind speeds. These results establish operating envelopes, highlight regimes
where ventilation is beneficial or potentially counterproductive, and compare performance against
literature benchmarks. Limitations related to the absence of new physical experiments, long-term
material behavior, and complex multi-building aerodynamics are acknowledged. Future work is
directed toward integrating mechanical ventilation components into wall systems while maintaining
structural, energy, and economic feasibility [28].

A hollow precast wall is a building material used to construct walls, the building envelope, and
other elements in prefabricated construction. The dimension of an active double-layered precast wall
is 240 x 20 x 100 cm. The wall model is tabulated below (Fig. 1).

Table 1. Physical parameters of the wall material

Density Specific Thermal
Layer Height | Length | Thickness (kg/m"3) heat Conductivity
(cm) (cm) (cm) J/kg*K) (W/mK)
Air Cavity 240.00 96.00 16.00 600 1000 0.19
Lightweight
Concrete 240.00 | 100.00 20.00 1.293 1005 0.02596

2.1. The design of the hollow precast wall

The hollow precast wall panel is designed with an integrated air blower strategically positioned
at the base of the air-cavity channel. This system facilitates airflow through the cavity, effectively
expelling accumulated heat through an exhaust outlet at the top and functioning as a dynamic
insulation mechanism. The panel features a central air gap within its structure, enhancing both its
thermal performance.

2.2. The principle of the hollow precast wall
The hollow precast wall incorporates interconnected air cavities, active ventilation channels,
and airflow pathways to enhance heat removal from the building envelope [47]. Warm air rises
through internal channels and exits at the top, while cooler air descends, creating a self-regulating
airflow that acts as dynamic insulation. This mechanism balances heat transfer by enabling controlled
circulation within the wall system. Heat transfer occurs through conduction, convection, external
heat exchange, and enthalpy flow within the ventilated cavity. Conduction occurs across the internal
and external layers, while the cavity facilitates heat transfer between the facing surfaces. For
analytical simplification, three assumptions are applied:
1. Vertical heat conduction (y-direction) is negligible, with conduction occurring primarily
along the x-direction.
2. Airflow in the cavity is treated as two-dimensional, with humidity effects ignored due to
warm air expulsion.

@ 175
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3. All solid materials are considered homogeneous, isotropic, and with constant thermal
properties.

2.3. Experiment: theoretical calculation of thermal properties of hollow precast wall

Before the hollow precast wall can function as intended, it must first absorb heat at the exposed
surface. This initial heat-uptake stage is often overlooked in dynamic-insulation theory, yet the
experiment in this section shows its importance for both thermal performance and structural
behavior. The air cavity is 160 mm wide and 2400 mm high, with a 10 mm exhaust opening at the
top and a matching 10 mm blower inlet at the bottom. This geometry promotes efficient upward
airflow, improving heat removal and enhancing the wall’s overall energy performance.

2.4. Research objectives

The research objective is to examine heat transfer and airflow within the hollow precast wall
across three dimensions: the x-axis, the y-axis, and a one-dimensional point representing key
dimensionless parameters. Along the x-axis, the study evaluates conductive, radiative, and resistive
heat transfer through the building envelope [20], including heat flux across layers, radiative exchange
based on Kirchhoff’s Law and the Stefan-Boltzmann Law, and the overall heat transfer coefficient
to assess insulation performance [52]. Along the y-axis, the analysis focuses on vertical airflow
driven by the stack effect. Airflow rates, temperature gradients, and pressure differences inside the
cavity are examined to characterize buoyancy-induced ventilation, supported by CFD simulations
and experimental results to optimize passive cooling. The one-dimensional point considers key
dimensionless numbers—primarily the Nusselt and Prandtl numbers—which represent convective
heat-transfer efficiency and airflow behavior in the cavity [36]. Together, these three analytical
dimensions provide an integrated framework for improving the wall panel’s thermal efficiency and
enhancing passive cooling in sustainable building design.

2.5. Numerical model for theoretical thermal calculation
For steady-state in one-dimensional conduction

AT )
= —k—
1 Ax
Where q is heat flux [W/m?], 0T/0x is temperature gradient [K/m], k is thermal conductivity

[W/m-K]. Divide the wall into segments: Light weight concrete (layer 1 with thickness of 0.02 m),
air cavity (layer 2 with thickness of 0.16 m), and Light weight concrete (layer 3 with thickness of
0.02 m).

Ax 3)
Rth,layer = T
Where R is thermal resistance [K/W], k is thermal conductivity [W/m-K], A x is the thickness
of the layer, [m]. With a total thermal resistance which is Ropnerete + Rair + Reoncrete to further
find the heat flux with a temperature difference of 2°C between the two sides of the wall. If the
temperatures on the two opposite sides are 313.15 K (outside the building) and 293.15 K (inside the
building).

_ AT @)

Rtotal
Where qis heat flux [W/m?], ATis the temperature difference [K], and R,,is the total thermal
resistance [K/W]. To determine the temperatures at the four points (outside of concrete layer 1, inside
of concrete layer 1, inside of concrete layer 2, and outside of concrete layer 2), steady-state heat
transfer is applied using the thermal resistances of each layer. The boundary conditions are: outside
surface temperature T,,; = 313.15 K, inside surface temperature T;, = 293.15 K, and convective




Vol. 6, No. 2, pp. 170-193

1 . . . Submit: 04-07-2025
J B C Eoumnal Innovation of Civil Engineering Accepted: 29_12_20251

Publish: 31-12-2025 |

coefficients h,and h;,| W/m?-K]. Both convective and conductive resistances are used to compute
the temperature at each interface.
a) Convective Resistance

__ 1 _ 1 (5)
Rconv,out - h Rconv,in - h
outside inside

b) Conductive Resistance

Lconcrete _ Lair

Rcond,air - E (6)

Rcond,concrete - k
concrete

¢) Total Thermal Resistance

Rtotal = Rconv,out + Rcond,concrete+Rcond,air + Rcond,concrete + Rconv,in (7)

Where L.oncrete 1 the length of the concrete layer [m], L, is the length of the air cavity layer
[m], Kconcrete 1 the thermal conductivity of the concrete layer [W/m-K], K,;- is the thermal
conductivity of the air cavity layer [W/m-K]. As Convective heat transfer coefficients assigned as
the following; hyy is 10 W/m?-K and h;;, is 25 W/m?-K according to the average point of the natural
ventilation and low point on forced ventilation. Connective Resistance for the outside layer
Reonv,out = 0.1 m? - K/W, for the inside layer Rcopy in = 0.04 m? - K/W. Conductive resistance for
each concrete layer Roong concrete = 0.77 m?-K/W, and for the air cavity Roond concrete &
0.77 m? - K/W. therefore, Ryp¢q; = 1.696 m? - K/W. With the provided information, the heat flux
through the wall is constant in steady-state conditions use the following equation:

— Toutside - Tinside (8)

Rtotal

Where q is heat flux [W/m?], Tyytsiqe 1S the temperature outside the building envelope [K],
Tinside 1 temperature inside the building envelope [K], R;,t4; 18 total thermal resistance [K/W]. With
provided information with defined value g ~ 11.80 W/m?. Using the heat flux g, calculate the
temperature drops across each resistance for the temperature at each point:

1) Temperature Drop Across Outside Convective Resistance:

)
Ty = Toutsize = 9 Reonv,out
2) Temperature Drop Across Concrete Layer 1:
T, = T1 — q " Reond,concrete (10)
3) Temperature Drop Across Air Cavity:
T3=T,—q- Rcond,air (11)
4) Temperature Drop Across Concrete Layer 2:
Ty = T3 = 4 Reonaconcrete (12)

@ 177
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5) Temperature Drop Across Inside Convective Resistance:

Tinsige = Ta — q - Rconv,in (13)

Figure 3. Illustration of the point of temperature at each location within building envelope; ranging
from external (T1) and internal layers (T4).
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Table 2. The point of temperature at each location within building envelope

Pts T1 (K) T2 (K) T3 (K) T4 (K)

Temps 311.97 302.88 293.80 284.24

Where Ty, is the point of temperature at each location within the building envelope [K], q is
heat flux [W/m?]. With the provided information, the point of temperature is shown as T; =
31197 K, T, = 30288 K,T; = 293.80 K, and T, = 284.24 K . To further comprehend Unsteady
Heat Conduction with the interval of time. At the starting time = 0 s, the temperature of the concrete
surface is 312.843K; after time = 1800 s, the temperature of concrete surface is 318.706K; after time
= 3600 s, the temperature of the concrete surface is 324.817K. With three-time interval to consider
create rate of temperature change with time with following equation;

it t, —t

Where 0T/ dtis the temperature-change rate [K/s], T, T,are temperatures at times t4, t,[s]. For
interval 1 (t; =0, t, = 1800), 0T/ dt = 0.00326 K/s. For interval 2 (t; = 1800, t, = 3600),
0T/ dt = 0.00340 K/s. The average rate over the full 3600 s, using temperatures at t = Oand t =
3600, is T/ 0t = 0.00333 K/s.To compute the second spatial derivative of temperature within the
concrete, the finite-difference approximation is applied as follows:

02T Ty — 2T; + Tisq (15)
ax2 A x?

Where 02T /0x? is second derivative of temperature with respect to position [K/ m?], T;_; is
Temperature at the previous spatial point [K], T; is Temperature at the current point [K], T;4q is
Temperature at the next spatial point [K], A x is Distance between points [m]. With temperature
values at three or more points along the x-axis. As Tj,1 = 312.843K,T; = 318.706K, T;y1 =
324.817K with distance of the building envelope is 0.2 m. Finalize the 32T /dx? ~ 6.2 K/ m?. Set
overall thermal conductivity as 0.0323 W/m'K from kiptar = Liotar/Reotal, @nd find thermal
diffusivity using the following equation;
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k (16)

PGy

Where « is thermal diffusivity [m?/s], p is density [kg/m’], C,, is specific heat capacity [j/kg-K].
Set overall thermal conductivity as 0.0323 W/m-K. To find overall density, specific heat, use the
following equation (in one dimensional model):

_X(pitLy) (17)
Ptotal = E Li
_2(Cpmpiv Ly) (18)

14 - .
total E Ptotal Li

Where the building envelope consists of: Lightweight concrete (2 layers, 0.02 m each), Air
cavity (0.16 m), L; is the thickness layer of material. The result p;¢4; is approximately 280.98 kg/m?
and C,, total is approximately 2095.7 j/kg-K. With provided information, thermal diffusivity of the

building envelope equal 5.48 x 1078 mS/s* With all the provided information, Equation for
Unsteady Heat Conduction can be use.

or _ 9°T (19)
ot~ “oxz

Where dT /0t is Rate of temperature change with time [K/s], « is thermal diffusivity [m?/s],
02T /0x? is second derivative of temperature with respect to position [K/ m?].

o or_ ot (20)
Pir e = “ax

Where p is density [kg/m?], C,, is specific heat capacity [j/kg-K], 9T /dt is Rate of temperature
change with time [K/s], k is thermal conductivity [W/m-K], 02T /dx? is second derivative of
temperature with respect to position [K/ m?]. Set overall thermal conductivity as 0.0323 W/m-K from
ktotar = Leotai/Reotar and 02T /0x? =~ 6.2 K/ m?. thermal diffusivity of the building envelope
equal 5.48 x 1078 m/s. The result of the rate of temperature change with respect to time is
approximate 3.40 X 10~7 K/s. With the information provided, the context is enough to be able to
find dimensionless number which are The Fourier number is a dimensionless number that represents
the ratio of heat conduction to heat storage in a material given by:

at 21
E=7 1)
Where F, is Fourier number, a is thermal diffusivity of the material [m?], t is time [s] (time
period of 3600 seconds), and L is characteristic length (thickness of the building envelope) [m].
Fourier number is approximate 4.932\times{10}"{-3}. Another dimensionless number is Biot
Number that represents the ratio of conduction resistance within a solid to convective resistance at
its surface given by:

hL (22)
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Where Bi is Biot number, h is Convective heat transfer coefficient [W/m?*-K], L is characteristic
length (thickness of the building envelope) [m], k is thermal conductivity [W/m-K]. Biot number is
approximate ~ 61.91. To calculate, solve Kirchhoff’s Law of Radiation state, it requires solving heat
transfer by radiation between the two interval points. Interval 1: Between the exterior (outside
concrete layer) and the air cavity. Interval 2: Between the air cavity and the interior (another outer
layer of concrete), the Stefan-Boltzmann law is used:

raa = 0 * Fip A~ (T{ = T3) (23)

Where q,q,q is heat transfer by radiation [W], o is Stefan-Boltzmann constant equal
5.67 X 1078 W/m? - K*, A is surface area (m?), Ty, is the surface temperatures in Kelvin. The
interval 1 is T; = 312.834 K, T, = 312.787 K, and interval 2 is T3 = 293.242 K, and T, =
293.195 K. Assume F;, = 1 for full view exchange. The heat transfer by radiation of interval 1 equal
0.408 W and interval 2 equal 0.272W. To apply Kirchhoff’s Law of Radiation, it is necessary to
determine emissivity and absorptivity.

e(AT) =a(l,T) (24)

Where €(A, T)is spectral emissivity, a (A, T)is spectral absorptivity, Ais wavelength [m], and T'is
absolute temperature [K]. For concrete, ¢ = 0.85and a = 0.85 (per Kirchhoff’s law). With
emissivity known, the net radiative heat transfer is given by:

Qrad=5'o-'F12'A'(T14_T24) (25)

Where q,qq 18 heat transfer by radiation [W], o is Stefan-Boltzmann constant equal

5.67 X 1078 W/m? - K*, A is surface area (m?), Ty, is the surface temperatures in Kelvin. The
interval 1 is T; = 312.834 K, T, = 312.787 K, and interval 2 is T3 = 293.242 K, and T, =
293.195 K. Assume F;, = 1 for full view exchange. The heat transfer by radiation of interval 1 equal
0.347 W and interval 2 equal 0.231 W.
Since the core of this dynamic building envelope is the integration of active ventilation system
embedded at the base of the building envelope’s air cavity. Assume that there is an air blower that
produce 0.1 m/s (an average speed of small air blower) with opening of 0.1 m? For the relative
humidity, it is 73%, which is an average for a hot-humid climate region. The mass flow rate equation
is given as:

m=p-V-A (26)

Where m is mass flow rate [kg/s], p is air density [kg/m?], V is air velocity [m/s], and A is
opening area [m?]. With provided information mass flow rate is equal 0.0126 kg/s. To predict fluid
flow patterns in different situations by measuring the ratio between inertial and viscous forces,
incorporate Reynolds number given as:

R p-V-Dp
e= —

H (27)
Where Re is Reynolds Number, p is air density [kg/m?], V is air velocity [m/s], Dy is
characteristic of linear dimension of Hydraulic diameter, y is dynamic viscosity of air at room

temperature [1.85 X 107°Pa - s]. First step is finding Dy, using the following:

44
b, = 44 (8)
P
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Where Dy, is characteristic of linear dimension of Hydraulic diameter [m], A is opening area
[m], P is Wetted perimeter (depends on geometry). Assuming the opening is a square for simplicity
where side length L = VA = /0.1 = 0.316 m? with wetted perimeter equal 1.264 m2. Where
characteristic of linear dimension of Hydraulic diameter is 0.316 m. As a result, the Reynolds number
is approximately 2,091. Given the building envelope with an air cavity, the stack effect would be
applied to its design. Pressure difference due to the stack effect:

AP=p-g-ht -2 (29)

Where A P is Pressure difference [Pa], p is Air density [kg/m?], g is Acceleration due to gravity
[9.81m/s?], h is height of the column of air [m], T; is inside temperature [K], T, is outside temperature
[K]. As the Height of the building envelope (4): 2.4 m, with inside temperature of 293.242 K, and
outside temperature of 312.834 K. Air density is 1.225 kg/m?, Cross-sectional area of the opening is
0.18 m, Discharge coefficient is 0.6. The result of Pressure difference is AP = 0.97 Pa

Q = cd-A-jzpﬁ (30)

Where Q is volumetric airflow rate [m3/s], C_d is discharge coefficient (typically ~0.6—0.65 for
most openings), A is Cross-sectional area of the opening [m?], AP is pressure difference [Pa], p is
air density [kg/m?]. In this case Discharge coefficient is 0.65 (typical for openings), Opening area is
0.1 m2, Pressure difference is 0.979 Pa from the previous equation. The approximate Volumetric
Flow Rate is 0.0823 m3/s. With this information the Prandtl number as the ratio of momentum
diffusivity to thermal diffusivity
u Cp

k (31

Where Pr is Prandtl number, p is the dynamic viscosity of air [Pa's], C, is the specific heat
capacity of air [J/kg-K], k is the thermal conductivity of air [W/m'K]. Where C,, approximate is 1005
J/kg'K, k approximate is 0.026 W/m-K, u is dynamic viscosity of air at room temperature
[1.85 X 107°Pa - s]. The Prandtl number (Pr) for air is approximately 0.715. With the Prandtl
number Nusselt number which the ratio of total heat transfer to conductive heat transfer at a boundary
in a fluid could be given by the following empirical correlation:

Pr =

Nu = 0.023- Re%8- pr04
(32)
Where Nu is Nusselt number, Re is the Reynolds number, Pr is Prandtl number. The Reynolds
number is approximately 2,091, and the Prandtl number for air is approximately 0.715. The Nusselt
number (Nu) is approximately 9.114513. With the provided information the heat transfer coefficient
(h) can be calculated from the Nusselt number (Nu) and the hydraulic diameter (D/) be given by the
equation:

Nu-k
L N (33)
D

Where h is heat transfer coefficient [W/m?K], Nu is the Nusselt number, k is the thermal
conductivity of the fluid (air in this case) [W/m-K], Dh is the hydraulic diameter [m]. The Nusselt
number (Nu) is approximately 9.114513, k approximate is 0.026 W/m'K, and D;, = 0.316 m. The
result of heat transfer coefficient approximate is 0.749928303 W/m?K

Write a formula to find Thermal resistance over time and with wind speed. for a wall envelope
with an integral time-heat transfer that gradually transfers, with wind pumping in at the bottom. To
see how speed of wind pumping interacts with the heat transfer and thermal resistance

!



Vol. x, No. X, pp. XX-XX, XXXX

A : . . . Submit: XX-XX-XXXx
J B C Eoumnal Innovation of Civil Engineering Accepted: XX_XX_XXXXi

Publish: xx-xx-xxxx |

L 34
Reona = E 34

Where L is the wall thickness [m], and k is its thermal conductivity [W/m-K]. L determined as

0.2 m, and using total thermal conductivity as 0.0323 W/m-K the convective resistance, which is
strongly influenced by wind speed, is defined as

(35)

Reonp (V) = h(V) A

with A representing the surface area available for convection [m?], and the convective heat
transfer coefficient 2 (V) [W/m?K], modeled as a function of wind speed V [m/s]. A common
empirical relationship for h(V) is.

h (V)= hy+al™
(36)

Here, hyis the natural-convection baseline coefficient, while aand nare empirical constants
describing wind-driven enhancement. The exponent nindicates the sensitivity of the convective
coefficient to wind speed, typically ranging from 0.5-0.8 for turbulent forced convection on building
surfaces, with 0.6 commonly used for moderately turbulent outdoor conditions. The coefficient
areflects the magnitude of wind-induced enhancement and depends on surface geometry, roughness,
and environmental conditions; a representative value is & = 0.5.
In this study, hy = 2 W/m*K, n = 0.6, and @ = 0.5, yielding a convective heat transfer coefficient
of 2.125594 W/m?K. The corresponding steady-state thermal resistance is then:

1

A (hg+av™) @7

L
Riotar (V) = % +

Where R;y¢q: (V) is Total thermal resistance [ W/K]. When considering the transient response of
the wall envelope, the energy balance for a lumped system is written as

Cd_T T — T(t) (38)
dr Rtotal (V)

Where C is the thermal capacitance of the wall [J/K], T(t) is its temperature at time t [K [s]],
and Too is the ambient temperature [K]. Solving this first-order differential equation yields. Where
T, is 313.15 K according to the surface on one side, and T(t) is 307.390 K from the following
equation and R total as 3.781 W/K. Which thermal capacitance is equivalent to 0.6594 J/K.

To find Ambient temperature conditions, using convective heat transfer equation. For

Gconvy = hA (Ts — Tamp) (39)

Where q.ony is convective heat transfer [W/m?K], h is Heat transfer coefficient [W/m2K], A is
Area exposed to air [m?] Ty is Surface temperature [K], Tamp is Ambient temperature [K], Rearrange
to;

qconv) (40)

Tamp =T — (W
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Where Tgp,;, is ambient temperature [K] (this variable will be used in the part of temperature at
that time in the other equation. As the convective coefficient under natural convection is 25 W at
wind speed outside of 1 m/s, n as 0.6 and a equal of 0.5. As a result, the convective heat transfer
coefficient is 5.5 W/m?K. With surface temperature of 313.5 K, the ambient temperature (temperature
at that time) equal to 311.2561 K.

T() = T+ (T(0) = To) exp(~7) (41)

In this equation, T(t) is the temperature of the system at time t. The term Too represents the
steady-state temperature that the system will eventually reach when it has fully equilibrated with its
surroundings. The value T(0) is the initial temperature of the system at time t = 0. The exponential

term, exp(— %), describes the decay of the temperature difference between the system and its

surroundings over time. Here, 7 is the time constant, a key parameter that determines how fast the
temperature approaches Too. As EXP(x) returns the natural exponential of x. where e is the base of
the natural logarithm, 2.71828 (Euler's number). EXP is the inverse function of the LN function.
Steady-state temperature equal to 310.881 K with initial temperature at 313.15 K. t is equal to 1800s
and T as 3600s. Temperature at time constant equal 312.4048 K.

with the time constant 7 defined as below.

T = R (V)C = [+ (42)

1
A (ho+av™) ] ¢

This formula shows that an increase in wind speed V increases the convective heat transfer
coefficient A(V), thereby reducing Rconv and, consequently,ly the overall thermal resistance
Rtotal(V). As a result, the time constant 7 decreases, meaning that the wall envelope will respond
more quickly to changes in ambient conditions. In summary, the transient temperature behavior of
the wall envelope, influenced by wind-induced convection, is given by

T(t) = Too + (T(0) — Tan) exp{—é} 43)

[ xaorarm |

3. Result and Discussion

The material properties used in the analysis correspond to the x-axis section of the hollow
precast wall, with supporting data provided in the tables, figures, and Section 5. The observed
reduction in U-value under forced convection aligns with prior findings for ventilated wall systems.
Earlier studies reported a 20-30% decrease in thermal transmittance at low cavity-air velocities, and
the present 27.6% reduction at 0.1 m/s falls within this range. Yao et al. [61] similarly noted that the
greatest gains occur during the transition from natural to forced convection, confirming that minimal
airflow disrupts boundary-layer formation and validating the modeling approach.

The thermal-resistance and U-value curves (Figures 3 and 4) show strong nonlinearity at low
velocities (0—0.5 m/s), reflecting transitional mixing. At higher velocities (2—10 m/s), improvements
diminish, consistent with Brida et al. [10], who showed that once Reynolds numbers exceed ~2000,
performance becomes limited by solid-phase conduction. Low-velocity airflow therefore provides
the most efficient enhancement.
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() (b)

Figure 4. illustrates via computational simulation the thermal performance of the active double-
layer wall panel under two airflow conditions: (a) zero wind speed and (b) a low wind speed of 0.1
m/s.

The wall’s thermal conductivity (A= 0.032 W/mK) is comparable to aerated autoclaved concrete
(0.030-0.045 W/mK) [9], while the addition of active ventilation offers dynamic behavior not
achievable with static insulation.

Table 3. Theoretical Calculation of the hollow precast wall numerical data of the variable that
required for additional numerical input ranging from total density, total heat capacity, thermal
conductivity, etc.

P Cp . R 2 .
(kg/m) | (J/KegK) MWmK) | oy | W) | Tin (K) | Tout (K)
Al | 3.049 | 2095.7 0.032 1.696 11.800 | 293.150 | 313.150

Uncertainties include uniform boundary-condition assumptions, £15% wind-driven fluctuations
[14], and +£10% variability in lightweight-concrete conductivity. Conservative error margins of £0.02
W/m2K (U-value) and £0.15 K/W (resistance) are therefore appropriate. One-dimensional modeling
introduces additional limitations; Amar et al. [ 7] demonstrated that junctions can raise local U-values
by up to 12%, indicating the need for prototype validation.

Wind dependency also introduces operational variability. In a Képpen Aw climate, calm periods may
reduce performance to natural-convection levels (U = 0.590 W/m?K), while high winds may exceed
modeled conditions. Longer-term climate-based simulations and potential integration of low-energy
fans are recommended to ensure stable airflow and consistent performance.

3.1. Thermal Properties Analysis

The thermal properties assessment confirms that the hollow precast wall is well suited for
energy-efficient construction in hot climates. Its very low density (3.049 kg/m?®) and high air content
contribute to strong insulation, supported by a low thermal conductivity of 0.032 W/m-K,
comparable to lightweight insulating materials [9]. The resulting thermal resistance of 1.696 K/W
and a heat flux of 11.8 W/m? under the indoor—outdoor gradient (293.15-313.15 K) indicate
controlled heat transfer and effective thermal moderation.

Dimensionless parameters further validate this behavior. The Fourier number (Fo = 4.932 x
107%) indicates slow heat diffusion, while the Biot number (Bi = 61.9) confirms large internal
gradients and conduction-dominated transfer, both contributing to delayed heat penetration. Airflow
conditions yield a Reynolds number of 2091 (laminar), producing a low convective coefficient (h =
0.745 W/m?-K). The Nusselt number (Nu = 9.114) reflects modest convective enhancement, and the
Prandtl number (Pr = 0.715) aligns with typical air behavior.

-
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Table 4. Theoretical Calculation of the Interlocking Passive Brick Set numerical data of the
variable that required for additional numerical input ranging from total density, total heat capacity,
thermal conductivity, etc

Fo Bi m (kg/s) Re Pr Nu h (W/m? K)
A.l | 4.932*%10"-3 61.9 0.013 2091 0.715] 9.114 0.745

The wall’s combination of low conductivity, high resistance, slow diffusion, and limited
convection makes it a strong passive-insulation option. These characteristics support reduced cooling
loads and improved indoor comfort relative to many conventional insulating systems.

3.2. Component Performance Analysis

The study evaluates the thermal resistance behavior of the wall envelope over time under
varying wind speeds, focusing on how forced convection from the bottom interacts with internal
conduction and convection. Thermal resistance is a key measure of insulation effectiveness [54],
combining both conductive resistance through the solid and convective resistance at the surface.

Table 5. The point of difference thermal resistance at each wind speed within building envelope

Wind speed (m/s) Rtotal (K/W)
0.0 1.696
0.1 3.781
0.5 3.985
1.0 4.155
1.5 4.293
2.0 4.413
2.5 4.521
3.0 4.622
3.5 4.715
4.0 4.804
4.5 4.888
5.0 4.968
5.5 5.046
6.0 5.120
6.5 5.192
7.0 5.262
7.5 5.330
8.0 5.396
8.5 5.461
9.0 5.524
9.5 5.585
10.0 5.646
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Figure 5. Illustration graph of the correlation of overall total thermal resistance of the hollow
precast wall at difference input of wind speed ranging from 0.1 to 10 m/s.

The dataset shows a strong initial rise in thermal resistance with airflow. Between 0 and 0.1 m/s,
resistance increases from 1.696 to 3.781 K/W (about 38%), indicating that even minimal airflow
substantially disrupts boundary-layer formation. Beyond this, increases are gradual—3.985 K/W at
0.5 m/s, 4.156 K/W at 1 m/s, 4.969 K/W at 5 m/s, and 5.646 K/W at 10 m/s. This trend reflects the
interaction between forced airflow and cavity dynamics, in which enhanced internal mixing alters
temperature gradients and increases total resistance rather than simply providing convective cooling
[7]. The behavior aligns with established patterns for transition from natural to forced convection in
enclosed cavities [61]. As R_total rises, thermal equilibration slows, highlighting the importance of
evaluating both transient and steady-state effects in ventilated wall design.

U-value behavior follows the same pattern. At 0 m/s, U = 0.590 W/m?K, dropping sharply to
0.265 W/m?K at 0.1 m/s (27.6% reduction). Later changes are smaller: 0.251 W/m?K at 0.5 m/s,
0.247 W/m?K at 1 m/s, 0.201 W/m?K at 5 m/s, and 0.178 W/m?K at 10 m/s. This diminishing
sensitivity at higher speeds matches earlier findings that airflow becomes fully forced, limiting
further gains [19]. Overall, the results show that low airflow (around 0.1 m/s) delivers the largest
improvement in thermal performance, while increases beyond about 2—-3 m/s yield only marginal
benefits—useful guidance for low-energy or passive ventilation strategies.

Table 6. The point of difference thermal transmittance at each wind speed within building

envelope
Wind speed (m/s) U-Value (W/m*K)
0.0 0.590
0.1 0.265
0.5 0.251
1.0 0.241
1.5 0.233
2.0 0.227
2.5 0.221
3.0 0.216
3.5 0.212
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Wind speed (m/s) U-Value (W/m*K)
4.0 0.208
4.5 0.205
5.0 0.201
5.5 0.198
6.0 0.195
6.5 0.193
7.0 0.190
7.5 0.188
8.0 0.185
8.5 0.183
9.0 0.181
9.5 0.179
10.0 0.177

3.3. Potential Application

The potential feature explored in the current system design is the reuse of exhaust air from the
bathroom to drive ventilation within the hollow precast wall. This approach optimizes the building’s
internal airflow dynamics and contributes to thermal regulation within the building envelope, as
shown in figure 4. In this configuration, air extracted from the bathroom, particularly from a lower
level, is redirected to the base of the air cavity in the upper-level wall panel (e.g., in the bedroom).
Because exhaust air is relatively cooler than the exterior daytime temperature, particularly in hot-
humid climates, its entry into the cavity creates a temperature differential that enhances the stack
effect. This supports natural convection by enabling cooler air to displace warmer air upward,
facilitating efficient heat removal through the upper cavity outlets.

3.4. Energy Saving Analysis

This analysis evaluates the energy savings achieved by installing an air blower system around
the perimeter of a 100-meter house to generate wind-assisted cooling at 0.1 m/s. The performance is
compared against a no-wind condition, with all energy calculations based on electricity prices from
the Board of Investment of Thailand (BOI) and the Electricity Generating Authority of Thailand
(EGAT) [40].

K_/

Figure 6. illustrates the proposed strategy for utilizing exhaust air from a lower-level toilet to drive
ventilation within an hollow precast wall situated on the upper floor. This system leverages the
temperature differential between the cooler exhaust air from the bathroom and the warmer external
air to facilitate passive ventilation and enhance heat removal.
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Where the equations that supporting case A and B cases are;

Q=gq-L
(44)
Where Q is Heat transfer rate [W/m], q is heat transfer rate per unit length of wall [W/m], L is total
perimeter length of wall [m].

E=0Q-t
(45)
Where E is Annual cooling load [kWh/year], Q is Heat transfer rate [W/m], t is annual operating
hours of daytime cooling [h/year].

E b= P, b N b tb
(46)
Where Ej, is Energy Consumption of Air Blowers [kWh/year], P, is power of one blower [kW], N},
is number of blowers [equal to perimeter length in meters], t; is annual blower operating hours
[h/year].

Enet = Ewina + Ep
(47)
Where E,,.; is Net Annual Energy Usage with Wind Assistance [kWh/year], E,; ;4 is annual cooling
load with wind [kWh/year], E}, is annual blower energy [kWh/year].

AE = Enowina T Enet

(48)

Where AE is Energy Savings [kWh/year], E,,, wina 1S annual energy without wind [kWh/year], E,, .+
is annual energy with wind + blower consumption [kWh/year]

C=AE-p
(49)
Where C is financial saving [THB], AE is Energy Savings [kWh/year], p is electricity price
[THB/kWh or USD/kWh depending on context] In the no-wind condition, the heat transfer rate is
2830.18 W/m, or 283.02 kW for a 100-m perimeter.

With 0.1 m/s wind assistance, the rate drops to 1269.62 W/m (126.96 kW). For annual operation,
the cooling period assumes 5 minutes of blower use per hour over 8 hours daily, totaling 2,920 hours
per year. Under these conditions, the wind-assisted system requires 370,891.20 kWh/year (126.96
kW x 2,920 h). Air delivery is supplied by 100 blowers (1-m spacing), each rated at 100 W,
consuming 29,200 kWh/year (0.1 kW x 2,920 h x 100). Total energy use for the wind-assisted
condition is therefore 400,091.20 kWh/year. Without wind assistance, annual energy use is
826,019.84 kWh/year (283.02 kW x 2,920 h). Thus, the annual energy savings equal 425,928.64
kWh/year. At the Thai electricity rate of 4.15 THB/kWh, savings reach 1,766,573.89 THB/year;
using the U.S. average of 0.19 USD/kWh, the equivalent savings are 80,926.44 USD/year. These
results demonstrate the substantial efficiency advantage of wind-assisted cooling for reducing energy
consumption and operating costs [26].

The energy-saving results confirm that the hollow precast wall system is effective for improving
thermal performance in hot climates. Wind-assisted cooling significantly reduces heat transfer,
lowering cooling demand and supporting broader energy-efficiency and carbon-reduction goals.
The air cavity functions as a thermal buffer, making the system suitable for passive and hybrid
ventilation strategies. Controlled airflow enhances heat dissipation and enables adaptive responses
to outdoor conditions, aligning with climate-responsive fagade technologies. The system also offers
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potential for integration with underground cooling, where cooler subsurface air can be channeled
through the cavity to provide geothermal-assisted passive cooling, similar to earth-air tunnel systems.

Design flexibility further strengthens its applicability: in high-rise fagades, it can reduce heat
absorption and contribute to urban heat-island mitigation, while in residential buildings, it can pair
with smart ventilation controls to optimize comfort and energy use. Additional gains are possible
when combined with shading or green-roof systems in tropical or desert climates.
Limitations include the assumption of a uniform 0.1 m/s airflow, potential variations due to blower
performance or construction tolerances, and the lack of long-term reliability and maintenance
assessment. Because results rely on simulations, full-scale environmental testing is required to
confirm performance.Future work should include field validation, investigation of phase-change
materials within the cavity, and exploration of renewable-energy operation such as solar-powered
blowers. These steps will help advance the hollow precast wall from a promising concept toward
practical, scalable deployment.

4. Conclusion

This study assesses the Active Double-Layered Precast Wall Panel (ADLP) as a hybrid cooling
system combining hollow precast insulation with low-speed ventilation. Introducing only 0.1 m/s
airflow within the cavity reduces the U-value from 0.590 to 0.265 W/m?K (27.6%) and lowers heat
transfer by 55.1%. Applied to a 100-meter perimeter house (625 m? wall area), the system delivers
substantial annual cooling-load reductions. Although blowers installed at 1-meter intervals consume
additional energy during their scheduled operation, the net yearly savings remain significant. The
ADLP panel improves thermal performance by reducing cooling demand and enhancing envelope
efficiency, making it suitable for hot, humid climates. Its modular design supports both new and
retrofit applications, while integration with adaptive ventilation—such as underground cool-air
channels or smart facades—can further enhance performance.

Results confirm hollow precast technology as a practical passive—hybrid cooling approach that
reduces heat transfer, improves comfort, and lowers operating costs. At building scale, meaningful
annual savings were achieved even after accounting for blower energy use. The study also provides
a quantitative link between thermal modeling and performance evaluation. Limitations include
reliance on simulation data and simplified airflow assumptions, underscoring the need for full-scale
validation. Future research should optimize airflow strategies, evaluate renewable-powered or
higher-efficiency blowers, and test enhancements such as phase-change materials or evaporative
cooling to improve durability, cost-effectiveness, and applicability in low-energy building design.
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