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As urbanisation intensifies, an increased proportion of human activities is observed to be
conducted indoors, amplifying the imperative of a superior indoor living environment.
Among the various facets influencing indoor environmental quality, thermal comfort
emerges as a pivotal factor influencing both physical and mental well-being. While
predominant research methodologies predominantly employ empirical evaluations, the
nuanced impacts of interior architectural structures on airflow and temperature distribution
often remain unaddressed. Furthermore, rigorous simulations based on fluid dynamics are
frequently absent from these assessments. In this study, the interplay of heat transfer and
ventilation within interior architecture is meticulously examined. A novel research
framework is introduced, encapsulating evaluations of human thermal comfort in
ventilated interiors, intricate indoor airflow simulations predicated on fluid dynamics, and
the pioneering design strategies for optimised hollow and ventilated architectural interior

wall systems.

1. INTRODUCTION

In the burgeoning era of urbanisation, an increasing shift
towards indoor human engagement has underscored the
paramountcy of indoor living environment quality. Society's
heightened aspirations for quality of life have transformed
indoor thermal comfort from a mere residential necessity to a
linchpin in architectural design [1-4]. Estimates suggest
approximately 80% of individuals dedicate their time within
indoor confines, spanning residences, workplaces, and leisure
locales [5]. A conducive indoor environment is hence inferred
not just to enrich human experiences but also to confer
significant benefits upon physical and mental well-being [6,7].
Consequently, crafting indoor habitats that resonate with
human comfort needs, whilst ensuring environmental
compatibility and energy efficiency, has been discerned as a
pivotal concern in architecture and environmental engineering
[8].

Indoor thermal comfort, largely gauged by factors such as
ambient temperature, humidity, and air velocity [9,10], bears
profound implications, stretching from the quotidian
experiences of individuals to overarching paradigms of global
energy consumption and environmental conservation [11-16].

Building energy demands are purported to constitute nearly 40%

of global energy intake, with the bulk channelled towards
building heating, cooling, and ventilation. It is postulated that
rigorous research and subsequent optimisation of indoor heat
transfer and ventilation can notably augment energy efficiency,
potentially serving as a bulwark against escalating climate
anomalies [17]. Such an optimised milieu not only heightens
work productivity and elevates living standards but is also
envisaged to usher in pervasive societal and economic
dividends [18].
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Though the domain of indoor thermal comfort has garnered
extensive scholarly traction, prevailing methodologies are
often perceived as incongruent with practical exigencies.
Predominantly, conventional approaches manifest an undue
reliance on empirical findings, often sidelining precision
simulations grounded in fluid dynamics [19-21]. Furthermore,
the intricate interplay between convoluted interior
architectural fabric and myriad physical processes tends to be
rendered cursory treatment, if at all. Pertinently, inquiries into
the hollow and ventilated building interior wall system are still
nascent, bereft of a cohesive theoretical scaffold or established
design paradigms [22, 23].

In the wake of these discernible research lacunae, the
present study introduces a rejuvenated research framework,
endeavouring to unravel the intricacies of heat transfer and
ventilation in interior architectural spaces. Foremost, a
meticulous assessment of human thermal comfort within
ventilated interiors has been undertaken, culminating in the
proposition of an array of novel evaluative parameters.
Concomitantly, a numerically astute method, predicated upon
fluid dynamics, has been devised to emulate indoor air
dynamics faithfully. In culmination, design optimisation of the
hollow and ventilated building interior wall system has been
pursued, birthing a plethora of avant-garde design stratagems.
Encompassed within this exploration lies not merely an
academic foray but a repertoire of actionable insights for both
architectural design and environmental engineering domains.

2. EVALUATION OF HUMAN THERMAL COMFORT

Combined with the research purpose of heat transfer and
ventilation optimization of interior architecture, this study
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selected several indexes as human comfort evaluation indexes,
such as nonuniformity coefficient of temperature and wind
velocity, vertical air temperature difference between head and
foot, Predicted Mean Vote (PMV), and Predicted Percentage
of Dissatisfied (PPD).

Temperature and wind velocity should be considered when
evaluating the human thermal comfort, because they are key
factors that affect the thermal comfort in indoor environments.
For example, due to climate influence, the positions near
windows or doors may result in local differences in
temperature or wind velocity, and the local nonuniformity may
cause discomfort in the human body. By examining the
nonuniformity coefficient of temperature and wind velocity,
the degree of such nonuniformity can be quantified, thereby
providing more accurate guidance for the heat transfer and
ventilation design of buildings. The nonuniformity coefficient
mainly measures the temperature or wind velocity differences
between various indoor positions. Its numerical calculation is
based on the differences between average and true values of
those indoor positions, which may be caused by building
design, heating, ventilation and air conditioning (HVAC)
system, or external environment. A large nonuniformity
coefficient implies significant local differences in temperature
or wind velocity, which may lead to local discomfort.

Totally b points measuring temperature and wind velocity
were set up in the working area of interior architecture. Let y,
be the temperature value of the measuring point, and ¢, be the
corresponding velocity value, then the calculation equations
for arithmetic mean value were as follows:

y== (1)
C= Zéc“ )

To calculate the root mean square deviation (RMSD), then
there were:

=2 G)
5, = Z(C“b_c)z @

Let j. be the nonuniformity coefficient of velocity, and j, be
the nonuniformity coefficient of temperature, then there were
definition formulas:

Iy = Q)

< |<°>

Je = (6)
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The smaller the values of j. and j, the better the ventilated
environment and air flow distribution uniformity of interior
architecture.

The human body’s perception of temperature is not even.
The temperature perception differences between head and foot
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may lead to changes in comfort. As an index, the vertical air
temperature difference between head and foot reflects the
temperature difference between the upper and lower parts of a
person when standing. If this difference is too large, it may
lead to discomfort in the human body. Therefore, this index is
crucial in evaluating the thermal comfort of indoor
environments. Due to the natural phenomenon of rising heat
flow and sinking cold flow, the indoor vertical temperature
difference usually exists between different heights around the
human body (such as the head and feet). This index measures
the temperature change experienced by the human body in the
vertical direction. If the temperature difference is too large, it
may cause inconsistent temperature perception of the upper
and lower parts around the human body, thereby leading to
discomfort. Let y;7 be the temperature value at 1.7m, and y.i
be the temperature value at 0.1m, then the following equation
was given:

Head — foot vertical air temperature difference

=Y17 = Yoa 2
As an index based on the human thermal balance and
perception model, PMV comprehensively considers various
indoor factors, such as temperature, humidity, wind velocity,
radiation temperature, human clothing and activity level. The
PMYV value usually ranges from -3 to +3, with a negative value
representing a sense of coldness, a positive value representing
a sense of warmth, and 0 representing neutrality. This index is
used to predict the average evaluation of most people for the
current environment. Let Oy be the partial pressure of water
vapor around the human body, y, be the temperature of
surrounding air, di, be the area coefficient of clothing, y.i be
the outside surface temperature of clothing, and g, be the
convective heat transfer coefficient. The PMV value was
calculated according to the following equation:

PMV =

(L-Q)-31x10°°
x[5700-7x(L-Q)-Qs]
-0.39x[(L-Q)-58]
~1.7x10°L(5800-0,)
~0.0015M (35—, ) -

(Y, +273)"
~(y, +273)"
~0,,9, (Y =)

(0.3r°%* +003) ®)

3.84x10°d,, x

As a derived index based on PMV, PPD predicts the
percentage of people who may feel uncomfortable under given
environmental conditions. There is a clear mathematical
relationship between PPD and PMV. Generally speaking, the
larger the absolute value of PMV, the higher the PPD. PPD
provides a quantitative method to evaluate the range of indoor
environmental comfort, and predicts the percentage of people
who may be dissatisfied. The following equation provided the
quantitative relationship between PMV and PPD:

—(0.034><PMV4 +022xPMV*)

PDD =100—-95xe (€))



3. GOVERNING EQUATION AND NUMERICAL
CALCULATION METHOD FOR AIR FLUID FLOW IN
INTERIOR ARCHITECTURE

Based on the study of heat transfer and ventilation
optimization of interior architecture, the indoor flow and
distribution of air fluid are crucial for ensuring thermal
comfort. To accurately describe and predict this flow behavior,
this study constructed a governing equation based on mass,
momentum and energy conservation laws.

The law of mass conservation indicates that no matter how
matter changes or moves in a closed system, its total mass
remains unchanged. In indoor fluid dynamics, the law of mass
conservation can be transformed into a continuity equation,
which means that the quality difference in air entering and
leaving a specific space is equal to the change rate of air
quality within that space. Let 9 be the air fluid density of
interior architecture, and / be the air velocity vector /... The
mass conservation equation was given as follows:

%W-(gl):o (10)

If air was regarded as an incompressible Newtonian fluid,
there was a simplified expression for the continuity equation:
VI =0 (11)
The law of momentum conservation indicates that the total
momentum remains constant in a closed system without
external forces. This can be understood as the Navier-Stokes
equation in the scenario of indoor air flow, which describes the
relationship between velocity, pressure, and density in a fluid.
Using this equation, the indoor geometry, wind resistance, and
other factors can be considered to predict the flow path and
velocity of air. Let i, ¢ and ¢ be the velocity components of /
in the z, ¢, and x coordinate directions, respectively; y be the
time; ¢ be the fluid motion viscosity; ¢ be the fluid density;
and o be the pressure. The expressions of momentum
conservation equation for different velocity directions were
given as follows:

i i 1 oo
FY DIV (il )= DIV(VG)—EE (12)
ac 1 0o
Ev DIV (cl)=DIV (VG)—ga (13)
oq _ 1o
ay+D|v(q|) DIV (VG) 92 (14)

The law of energy conservation indicates that energy is
neither created nor destroyed in a closed system, but is only
transformed from one form to another. This is usually
expressed as an energy equation in indoor temperature and air
flow, which describes the relationship between temperature,
heat conduction, convection, and radiation in the air. This
equation helps understand and predict the indoor temperature
distribution, and provides important information for
optimizing the thermal comfort. Let Y be the temperature, 7 be
the heat conduction coefficient of the fluid, v, be the constant-
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pressure specific heat, and 4y be the source term. The energy
conservation equation was given as follows:

A

Y _ A A
ay+DIV(IY)_DIV[3V GRAD(Y)] 3 (15)

0

As a dimensionless fluid dynamics parameter, Reynolds
Number is used to describe the properties of fluid flow, and is
defined by flow velocity, characteristic length, and dynamic
properties of the fluid. Reynolds Number plays a crucial role
in simulating indoor air flow, helping determine whether fluid
flow belongs to laminar flow (low Reynolds Number) or
turbulent flow (high Reynolds Number). Laminar flow is an
orderly flow with a smooth velocity distribution. While
turbulent flow is a disordered flow, and the wvelocity
distribution is random. The flow state of indoor air has a direct
impact on temperature distribution, air mixing, and comfort.
Therefore, the key step in simulating indoor air flow is to
correctly determine the flow state. Moreover, by calculating
Reynolds Number in the ventilation design of interior
architecture, designers have a clearer understanding of the
characteristics of air flow, thereby making decisions about the
positions and sizes of air vents, or the fan output. Let $ be the
fluid density, i be the flow rate, M be the characteristic length,
and o be the dynamic viscosity, then there was a calculation
equation:

g M
w

(16)

In the research on heat transfer and ventilation optimization
of interior architecture, it is crucial to choose an appropriate
turbulence model for simulating turbulent flow. The model
selection should be based on the specific characteristics of the
flow, calculation purposes, available resources, and required
accuracy. When selecting a turbulence model in this study, the
first consideration was whether it was an eddy, and whether
separation, reconnection and other phenomena existed. For
example, the flow with high Reynolds Number, especially in
case of flow separation, may require a more complex
turbulence model. For certain applications, such as indoor air
quality research, high simulation accuracy may be required,
which may require the use of a more advanced turbulence
model. Based on research needs, this study selected Large
Eddy Simulation (LES) suitable for solving complex and
strongly turbulent flows, which solved the unfiltered Navier-
Stokes equation, and only simulated larger eddies. Although
LES required more computing resources, it provided more
accurate results for complex indoor flows.

4. HEAT TRANSFER AND VENTILATION
OPTIMIZATION OF INTERIOR ARCHITECTURE

Based on the evaluation results of human thermal comfort
and the solution results of the constructed indoor air fluid flow
governing equation, the following information was clarified:

(1) Position and intensity adjustment of heating/cooling
sources: The evaluation results helped determine the comfort
differences between different indoor areas, thereby
determining to increase or decrease heating/cooling in which
areas.



(2) Ventilation system configuration optimization: Based on
the simulation results of fluid flow, the positions, sizes, and
directions of air vents were adjusted to improve the
distribution and flow of indoor air.

(3) Adjustment requirements for indoor layout: Furniture or
other obstacles were reconfigured based on human thermal
comfort and air flow to better promote air circulation and heat

distribution.
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Figure 1. Optimization principle of heat transfer and
ventilation of interior architecture
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Figure 1 shows the optimization principle of heat transfer
and ventilation of interior architecture. Based on the
evaluation of human thermal comfort and the simulation
results of air flow, heat transfer and ventilation of interior
architecture can be optimized from multiple aspects. To better
improve the indoor thermal environment and ventilation, and
make residents feel more comfortable, this study chose to use
a hollow and ventilated interior wall system as a thermal buffer,
thereby reducing the impact of external temperature on the
indoor environment. At the same time, natural ventilation was
guided and enhanced to provide better air circulation. This
system can be designed and adjusted according to specific
architectural and geographical conditions, providing greater
design flexibility. Figure 2 shows the schematic diagram of the
hollow and ventilated interior wall system.

Cold air Convective Convective
heat transfer heat transfer
Rooms
Outdoor  Convective HOHO.W and and other
ventilated Outdoor
heat transfer | . . envelop
interior wall
enclosures
Hot air L -
Radiation heat Radiation heat
transfer transfer

Figure 2. Schematic diagram of hollow and ventilated
interior wall system

The hollow and ventilated interior wall system has complex
heat flow and storage characteristics. A dynamic heat network
model captured the transient process of heat flow, which fully
utilized the changes in indoor and external environmental
conditions (e.g. sunlight, wind velocity, indoor heat source,
etc.), and dynamic changes in the thermal performance of the
hollow and ventilated interior wall, thereby more accurately
predicting the wall’s response. A heat transfer unit number
model provided detailed temperature distribution inside the
hollow wall. As a simplified model, it effectively described the
main heat conduction paths of the wall, thereby reducing
computational complexity. The coupling model based on the
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dynamic heat network model and the heat transfer unit number
model provided a powerful tool to describe and predict the
thermal performance of the hollow and ventilated interior wall
system. Figure 3 shows a cross-sectional view of the system.
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Figure 3. Cross section of the hollow and ventilated interior
wall system
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According to the energy balance theorem, the heat transfer
mechanism in each cavity unit was fully considered, i.e.
convection, heat conduction, and radiation. The convection
from the cavity air to the wall, the radiation heat transfer
between the walls, and the heat conduction inside the wall all
needed to be carefully considered. Let Y; be the air temperature
inside the cavity, J be the convective heat transfer coefficient
between internal surface of the interior wall and the circulating
air, Y, be the internal surface temperature of the interior wall,
and S be the heat transfer area between the cavity air and
internal surface of the interior wall. Based on the fluidity and
turbulence effect of air, the heat lost by the cavity air was equal
in quantity to the heat transferred by the air to the internal
surface of the interior wall by default, then there was a formula:

dW =v, -1- fY, =J-dS-(Y, -Y,) (17)

The variable separation method was further used to solve
the above formula. The multidimensional problem was first
transformed into multiple one-dimensional problems, and the
problem of each dimension was solved using a standard
solution. Let Yy be the air inlet temperature in the cavity, and
Yy be the air outlet temperature in the cavity. The following
formulas provided the boundary conditions corresponding to
temperature, humidity, velocity and other parameters at the
inlet, as well as the calculation formula for integrating the
entire cavity:

m=0,5(m)=0,Y,(m)=Y,(0)

m=M,S(m)=S.Y,(m)=Y, (M) (1%)
YT dy, :fa-ds o
Ylea_Ys OVo'I ( )



Under the assumption that the cavity air is in a stable flow
state, an appropriate integration method was used to calculate
the temperature and the heat flow distribution inside the cavity.
Any possible nonuniformity should be considered, such as
flow changes caused by obstacles or cavity geometry. By
ignoring the changes in heat capacity caused by temperature
changes, the following formula was derived:

(20)

where, on the right side of the above formula is the number of
heat transfer units for the hollow and ventilated interior wall,
1e.,

JS
BYl =—
V1 21

o]

The average wall temperature was obtained by integrating
the temperature of each point on the cavity wall. The air
temperature at the cavity outlet was estimated using the heat
transfer unit number method, combined with the average wall
temperature and the inlet air temperature:

Y,

s2 :Ya +(Ysl _Ya)riBYl (22)

5. EXPERIMENTAL RESULTS AND ANALYSIS

The distribution of temperature measuring points is crucial
for the heat transfer and ventilation optimization experiment
of interior architecture, because it directly affects the
experimental accuracy and the reliability of experimental
results. The measuring points should be evenly distributed
throughout the entire indoor space, ensuring to fully represent
the temperature distribution of the entire environment. Special
attention should be paid to areas with temperature anomalies

or significant temperature differences, such as the areas near
windows and doors, or other large external structures. Due to
the increase of heat, the indoor temperature varies with height.
Therefore, measuring points should be set up at different
heights to capture the temperature distribution in the vertical
direction. They should not be set up in positions exposed to
direct sunlight and heat sources of equipment, or with other
obvious external interference. At the same time, the
temperature sensor should not be blocked by furniture or other
obstructions to affect its normal operation. Figure 4 shows a
schematic diagram of temperature measuring point
distribution plane. A correct distribution principle of
temperature measuring points ensured that accurate and
reliable data were obtained for research, providing strong

support for subsequent heat transfer and ventilation
optimization.
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Figure 4. Schematic diagram of temperature measuring point
distribution plane

Table 1. Steady state experimental conditions

Operating Air Inlet Inlet Experimental Model Outlet Outlet Temperature
Condition Velocity Temperature Outlet Temperature Temperature Difference Error
Number (ml/s) (°O) Temperature (°C) (°O) Error (°C) Rate (%)

1 1.32 36 21.5 213 -0.2 1.2

2 1.6 36 21.3 20.9 -0.4 2.8

3 1.6 41 21.5 21.2 -0.3 1.6

4 1.6 46 21.6 21.2 -0.4 1.7

5 1.6 51 214 21.3 -0.1 0.3

6 2.1 36 22.5 22.6 0.1 0.7

7 2.1 41 22.1 224 0.3 1.5

8 2.1 46 23.6 23.8 0.2 0.8

9 2.89 36 23.1 235 0.4 32

10 2.89 41 23.7 243 0.6 33

11 2.89 46 24.5 24.9 0.4 1.9

Based on Table 1, the steady state experimental condition
data of the hollow and ventilated interior wall system can be
analyzed. The table provides operating condition number, air
inlet velocity, inlet temperature, experimental outlet
temperature, model outlet temperature, outlet temperature
error, and temperature difference error rate. As shown in the
table, when the air inlet velocity increases from 1.32m/s to
2.89m/s, the maximum error rate between the model outlet
temperature and the experimental outlet temperature increases
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from 1.2% to 3.3%, which means that the accuracy predicted
by the model decreases as the air inlet velocity increases. At
the same air inlet velocity (e.g. 1.6m/s), as the inlet
temperature increases from 36°C to 51°C, the temperature
difference error rate varies between 0.3% and 2.8%, which
indicates that the impact of inlet temperature on model
prediction is not particularly significant. In most cases, the
model outlet temperature is slightly lower than the
experimental outlet temperature, which means that the model



has some shortcomings in certain aspects, such as insufficient
estimation of heat transfer characteristics or turbulence effect
of the interior wall. The maximum value of temperature
difference error rate is 3.3%, while the minimum value is 0.3%,
which indicates that the model predictions are very close to the
experimental results under certain operating conditions. But in
other cases, the model should be further calibrated and
optimized. In summary, although the model has some errors,
its predictions are within an acceptable error range in most
operating conditions, indicating that the constructed model is
an effective tool for predicting and analyzing the heat transfer
and ventilation behavior of interior architecture.
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Figure 5. Average temperature changes at different heights
in single and dual channel air supply

Based on Figure 5, the indoor temperature changes at
different heights can be analyzed when single and dual channel
air supply is used for the hollow and ventilated interior wall
system. As shown in the figure, single and dual channel air
supply  exhibits  different temperature  distribution
characteristics at different indoor heights. The temperature
changes of single channel air supply is relatively smooth,
while significant temperature changes at certain heights occur
in dual channel air supply. The temperature drops at the middle
heights (especially 850mm) in dual channel air supply, which
is caused by changes in air flow rate, certain design features in
the dual channel structure, or dynamic factors of other fluids.
At the lower heights, the temperature of single channel air
supply is higher than that of dual channel air supply, because
the single channel has high wind velocity or air mixing is

insufficient. At the higher heights, the temperatures of both
tend to be consistent, which means that both single and dual
channel air supply has similar temperature control and
distribution effect at these heights. Overall, dual channel air
supply provides a more even temperature distribution,
especially in the middle and high regions. However,
considering the specific applications and objectives of single
and dual channel air supply, the use of which method still
needs to be further evaluated based on specific needs and
experimental conditions.

Table 2. Temperature nonuniformity coefficient of single
and dual channel air supply

Temperature Single Channel  Dual Channel
Nonuniformity Air Supply Air Supply
Coefficient

Measuring point 1 0.025 0.021
Measuring point 2 0.024 0.016
Measuring point 3 0.019 0.021
Measuring point 4 0.011 0.024
Measuring point 5 0.014 0.016

Cross section 1 0.023 0.022
Measuring point 6 0.009 0.011
Measuring point 7 0.006 0.015
Measuring point 8 0.003 0.004

Cross section 2 0.009 0.012

Based on Table 2, the temperature nonuniformity
coefficient at different measuring points and cross-sections
can be analyzed when single and dual channel air supply is
used for the hollow and ventilated interior wall system. It can
be seen from the table that dual channel air supply provides a
more even temperature distribution at most measuring points,
especially Measuring points 1-3, because the dual channel
system disperses and mixes air more evenly. The temperature
nonuniformity coefficient of the dual channel is relatively high
at certain measuring points (e.g. Measuring points 4, 6-8) and
Cross section 2, because certain structural or flow
characteristics cause local temperature changes. Overall, dual
channel air supply performs more evenly than single channel
air supply at most measuring points. But the dual channel has
slightly higher nonuniformity in some places, which is caused
by factors, such as air flow velocity, flow mode, or channel
design and layout. For the use of single or dual channel air
supply systems, the nonuniformity coefficient and other
related factors (e.g. installation costs, maintenance difficulty,
etc.) should be comprehensively considered, combined with
practical application and engineering requirements.

Table 3. Comparison of head and foot temperatures and vertical temperature differences around the human body in single and
dual channel air supply

Measuring Measuring Point Measuring Point Measuring Point  Overall

Point 2 (°C) 3 (°C) 6 (°C) 7 (°C) (°C)

Single Head temperature 23.15 25.18 25.88 25.49 25.84

channel Foot temperature 23.12 26.42 26.08 25.81 26.25
air supply  Vertical temperature difference -0.03 1.24 0.2 0.32 0.41

Dual Head temperature 25.13 25.36 2531 25.39 25.69
channel Foot temperature 25.31 25.76 25.83 25.57 26
air supply  Vertical temperature difference 0.18 0.4 0.52 0.18 0.31

Based on Table 3, the head and foot temperatures and the
vertical temperature differences around the human body at
different measuring points can be analyzed when single and
dual channel air supply is used for the hollow and ventilated
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interior wall system. It can be seen from the table that there are
significant vertical temperature differences between head and
foot at certain measuring points (e.g. Measuring point 3) in
single channel air supply, which causes discomfort for indoor



personnel. Dual channel air supply provides a relatively even
temperature distribution at most measuring points, and the
vertical temperature differences between head and foot are
relatively small, because the dual channel structure is more
conducive to even air mixing and flow. Overall, dual channel
air supply provides a relatively good vertical temperature
distribution, which is more conducive to the thermal comfort
around the human body. When designing and optimizing the
heat transfer and ventilation system of interior architecture, a
dual channel air supply structure can be considered, especially
in situations where human comfort needs to be ensured.

Table 4. PMV/PPD values of single and dual channel air

supply
PMYV Values PPD Values
Single channel air supply 0.3 7%
Dual channel air supply 0.29 7%
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(a) Single channel air supply

According to the data in Table 4, the PMV value of single
channel air supply is 0.3, while that of dual channel air supply
is 0.29. The PMV values of both are very close, and are within
a relatively comfortable range, which means that both air
supply methods provide a relatively comfortable indoor
environment. Both single and dual channel air supply has a
PPD value of 7%, which means that approximately 7% of
people are predicted to feel uncomfortable using both air
supply methods.

From the perspective of thermal comfort, single and dual
channel air supply provides similar indoor environments in the
hollow and ventilated interior wall system. Both air supply
methods provide a relatively comfortable thermal environment
for indoor personnel, and the predicted dissatisfaction is low.
Considering other factors, such as installation costs,
maintenance, energy efficiency, etc., further study is needed to
determine which air supply method to choose. But both air
supply methods have similar performance in terms of thermal
comfort.
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Figure 6. Heat transfer quantity calculation differences of different heat transfer models under different outdoor relative humidity

Based on Figure 6, an in-depth examination of heat transfer
quantity disparities across various models under differing
outdoor relative humidity levels has been conducted,
particularly when the hollow and ventilated interior wall
system employs either single or dual-channel air supply. As
depicted in the figure, a surge in outdoor relative humidity is
concomitant with a progressive increase in the heat transfer
quantity for the model introduced in this research, irrespective
of whether a single or dual-channel air supply is utilised. This
suggests that the model presented herein exhibits pronounced
sensitivity to humidity variations, with its heat transfer
quantity amplifying in tandem with rising humidity levels. In
contrast, the heat transfer quantity for the heat network model
remains invariant across all examined relative humidity levels,
implying that this model either overlooks the ramifications of
fluctuating humidity or presupposes its influence on the heat
transfer mechanism to be negligible.

Interestingly, the heat transfer quantity associated with the
porous medium model also elevates with ascending outdoor
relative humidity levels. Although this trend mirrors that of the
model delineated in this study, their respective growth
trajectories exhibit discernible nuances. Such variations
insinuate underlying disparities in their internal physical
processes or foundational assumptions. Consequently, while
both the model presented in this study and the porous medium
model acknowledge the influence of humidity on heat transfer
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dynamics, the heat network model seemingly does not. Given
these observations, the model proposed herein appears to more
adeptly replicate heat transfer behaviours under varying
humidity conditions.

6. CONCLUSION

In this study, the heat transfer and ventilation optimisation
within interior architecture was rigorously investigated. To
achieve a profound understanding of this system, a coupled
model—integrating the dynamic heat network model with the
heat transfer unit number model—was employed to simulate
the heat transfer within the hollow and ventilated interior wall
system. Comprehensive delineation of the calculation
procedure for cavity heat transfer in this wall was subsequently
provided. This entailed the construction of the cavity unit heat
equation, solutions derived via the separation variable method,
the attainment of boundary conditions, integration of the
cavity segment, and the extraction of the stable flow state heat
transfer of the cavity air.

Performance evaluation of the hollow and ventilated
interior wall system under varied experimental conditions was
undertaken, using both experimental data and simulation
comparisons. Distinctive differences between single and dual
channel air supplies, in terms of their performance under



varying conditions such as height, temperature non-uniformity
coefficients, vertical temperature disparities around the human
body, and PMV/PPD values, were identified and contrasted.
Notably, the study also discerned the contrasting calculation
outputs among three heat transfer models—specifically, the
model proposed herein, the heat network model, and the
porous medium model—under fluctuating outdoor relative
humidity conditions.

The steady-state experimental data for the hollow and
ventilated interior wall system revealed that the temperature
predicted by the model closely paralleled the actual
measurements, with discrepancies remaining minimal.
Evidence was garnered that dual channel air supplies tend to
offer a more uniform temperature distribution across various
altitudes. Particularly noteworthy was the observation that
dual channel air supply introduced minimal vertical
temperature disparities around the human body, especially
when assessing differences from head to foot. PMV/PPD
evaluations demonstrated comparable thermal comfort levels
in both single and dual channel air supplies. Upon scrutiny of
diverse humidity contexts, the proposed model and the porous
medium model were found to be humidity-responsive,
whereas the heat network model displayed indifference to
humidity variations.

In essence, the hollow and ventilated interior wall system
plays a pivotal role in enhancing heat transfer and ventilation
optimisation in interior architectures. The coupled model
presented in this investigation exhibits commendable efficacy
in capturing the intricate heat transfer dynamics of this system,
aligning robustly with experimental observations. Dual
channel air supplies, as opposed to their single channel
counterparts, proffer enhanced uniformity in indoor
temperature distributions, and effectively curtail vertical
temperature variations around the human form. It stands to
reason that model selection should be judiciously informed by
specific application contexts and precision requirements,
given that distinct heat transfer models exhibit markedly
different performance metrics under varied humidity
conditions.
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