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 The installation of radiant heating flooring is a prevalent approach to generating toasty, 

comfortable heat within a structure. In this paper's numerical study, two distinct radiant 

floor heating schemes are contrasted, each of which accounts for varying inlet hot water 

temperatures and flow rates. The thermal performance and energy efficiency of two radiant 

heating floor designs, the spiral and the serpentine—were evaluated in this study under a 

variety of conditions. These conditions included hot water temperatures of 50 and 60℃ 

with a step of 5℃ and flow rates of 3 and 12 Lit/min with a step of 3 L/min. Numerical 

simulations were implemented to evaluate parameters such as thermal comfort, energy 

efficiency, and heat dispersion homogeneity. The models were developed using 

SolidWorks software, and numerical simulations were conducted using ANSYS-Fluent 21 

software. The ANSYS software calculations revealed that the design variations were nearly 

identical. This paper takes a case study at 12 Lit/min. The spiral model exhibits a higher 

uniformity in the temperature distribution on the tile's surface than the serpentine model 

when the input water temperature reaches 55℃. The average difference between the two 

models is approximately 0.5%. The distribution temperature within the slab was found to 

be slightly higher in the serpentine model than the spiral model, with a difference of 0.66%. 

These findings indicate that the serpentine design exhibits superior thermal homogeneity 

and heat distribution with 15.05% enhancing percentage in heat gain at 55℃ inlet 

temperature for the serpentine more than the spiral layout. The numerical and published 

work findings were in satisfactory agreement, and these findings contribute to the 

enhancement of radiant floor heating systems to enhance their energy efficiency and user 

comfort. Additionally, the disparity between the two configurations decreased by 

approximately 4.1, 3.7, and 1.7% as the inlet temperature increased from 50℃ to step by 

5℃. 
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1. INTRODUCTION 

 

Radiant floor heating (RFH) systems are popular for 

energy-efficient, comfortable heating in residential and 

commercial buildings. They heat spaces directly by warming 

the floor, allowing even distribution. Common designs include 

electric and hydronic systems. 

The thermal performance of an underfloor heating system 

was analyzed using CFD simulations for different pipe 

patterns. Results showed that the spiral configuration offers 

the most uniform floor temperature and results in lower 

pressure losses compared to counterflow and modulated 

serpentine designs [1]. 

The study explores the use of recycled steel powder in 

concrete to enhance the thermal properties of radiant floor 

heating systems, revealing a 26% decrease in compressive 

strength and a 3% slower heat transfer rate during heating [2]. 

Olesen [3] studied three types of radiant floor heating: 

Electric radiant floors, utilizing air as the heat transfer medium 

(radiant air floors), and hot water radiant floors. These groups 

can be further explained by installation methods. Wet 

installations that the considerable thermal mass of a cement 

slab floor or lightweight cement above a wooden subfloor 

were termed but dry fixings are those in which the radiant floor 

tubing is sandwiched between two layers of plywood or 

affixed beneath the finished floor or subfloor. 

The study of Werner-Juszczuk [4] analyzes the operative 

factors of a radiant ground heating system as a cooling system. 

The parameters be based on pipe space, Thermal resistivity of 

Surface covering, air temperature in the cooled space and 

water temperature. The only parameter that can be adjusted for 

system performance is water temperature. The ideational 

cooling efficiency of a radiant floor is reduced by the lowest 

surface temperature, which depends on air humidity and 

thermal comfort requirements set by standard 11855. 

A ground-source heat pump system (GSHP) using a ground 

heat exchanger (GHE) has been identified as an 

environmentally sustainable alternative for cooling and 

heating housing and commercial buildings [5]. A new U-tube 

pipe shape improved thermal transfer efficiency, resulting in a 

76.3% differential improvement and superior heat transfer 

efficiency. 
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A thermal optimization procedure was implemented to 

enhance the heating performance of the original wood panel 

prototypes [6]. The information obtained sets were included 

into a calibrated numerical model that considered anisotropic 

material features. An improved panel variation had an average 

surface temperature of 3.4℃ greater than that of the first 

prototype. 

The study of Kong et al. [7] presents a unique heating 

method called low temperature radiant floor combined with 

intermittent subsurface ventilation (LTR-ISV). The research 

found that heating demand in investigative rooms increased 

significantly due to inadequate thermal insulation. The LTR-

ISV system examined the heat supply relationship between 

stratum ventilation and radiant floor heating. The study also 

analyzed the TRNSYS simulation model of workplaces using 

radiant ceiling panels for heating and cooling. Human 

activities only impacted annual energy consumption to a 

limited extent. 

A study on three panels beside a hydronic radiant floor 

system tested different mortar formulas [8]. Results showed a 

temperature variance exceeding 3℃. The intermittent heating 

configuration reduced operational hours by 49.3% with the 

improved screed mortar M_01, while M_02 reduced 

operational hours by 40.2%. Monthly analysis showed a 

significant decrease in operation time for both types. The 

temperature surface disparity among cork and ceramic 

finishing materials was also noted. 

A study on the apply of phase change materials (PCMs) in 

radiant heating and cooling systems found that the use of PVC 

radiant flooring significantly reduced greatest heat flow 10-

18% and enhanced thermal energy storage by 243% [9]. The 

system was most effective in wet and hot environments with a 

6-mm phase change material thickness and nocturnal 

ventilation. A 10-mm PCM resulted in a 2.4% yearly decrease 

in heating energy consumption. A 20-50-mm PCM can result 

in annual heating energy savings varying from 7.3% to 15.3%. 

N-eicosane demonstrated the highest efficacy as PCM for 

floor heating, resulting in a 43% decrease in energy depletion. 

Radiant floor systems can achieve energy savings of about 4% 

for heating and 8% for cooling. 

A thermal system combining radiant floor heating and 

adaptive heating convention was presented, evaluating 

comfort and energy consumption [10]. The study found that 

Mode 1, which relies solely on convection, is unsuitable for 

tenants sleeping on the ground. Kinds 2, 3, and 4 show 

elevated floor temperatures once warm water is delivered to 

the radiant heating panel. The study also found that Mode 1, 

along with Modes 3 and 4, provides a more comfortable 

environment. 

A study aimed to find the optimal pipe configuration for 

heating benches in steam baths, focusing on temperature 

distribution for client comfort [11]. The design included 

insulation on the lower side to channel heat upwards. The 

thermic performance of the underfloor thermal system was 

evaluated by employing CFD software "COMSOL 

Multiphysics" and a new parameter to quantify floor thermal 

uniformity. The modified spiral structure was found to be the 

most effective solution, reducing pressure losses and 

achieving optimal temperature uniformity. 

Hooshmand et al. [12] explored the use of local radiant 

heating systems for thermal comfort at lower air temperatures. 

These systems directly heat the body, reducing energy use and 

providing equivalent thermal sensation at lower temperatures. 

The study highlights the need for improved local thermal 

comfort and sensation modelling, based on radiant heat 

transmission. The research also highlights the evolving nature 

of heating technology to improve the thermal environment in 

occupied zones. The results suggest that localized radiant 

heating systems can achieve optimal thermal comfort and 

reduce energy consumption, demonstrating the potential of 

radiant local systems in achieving thermal comfort. 

A radiant floor cooling system using phase change materials 

and thermal energy storage is proposed to reduce peak demand 

[13]. Five tests were conducted during warm and dry seasons, 

revealing that the counter design was more energy-efficient, 

saving 6% compared to the spiral design. The optimal water 

mass flow rate was 0.5 kg/s, but the system's performance did 

not significantly improve. The numerical results strongly 

correlated with experimental findings, particularly regarding 

PCM behavior, temperature distribution, thermal power, and 

Nusselt number (NU). 

The analysis of historical and contemporary data reveals 

that radiant, water-based systems outperform convective, air-

based thermal conditioning, and passive techniques can reduce 

energy demand [14]. Future thermal systems must have onsite 

thermal energy storage for renewable energy or passive 

techniques. The literature identified theoretical deficiencies in 

control strategies, suggesting energy savings and systemic 

solutions. 

An experimental radiant floor heating system was built 

using phase-change heat storage materials, incorporating 

sodium silicate, aluminum oxide, and expanded graphite [15]. 

The system was tested under various ambient temperature 

conditions, with the optimal water supply temperature being 

40℃. Results showed that the natural heat release time for 

control group A ranged from 0.5 hours to 5.3 hours, while 

experimental group B had a duration between 6.5 hours and 

10.5 hours. The PCM heat storing material's heat discharge 

duration ranged from 5 to 6 hours. The study concluded that 

phase-change heat storage materials effectively supplied heat 

for indoor heating, mitigated indoor temperature decline, 

enhanced energy utilization efficiency, and facilitated 

temporal energy displacement. 

Gür et al. [16] explored the sketch and performance of a 

solar- supported home radiator for nearly zero-energy 

buildings (nZEBs). The system uses a Photovoltaic/Thermal 

collector and Nano-improved Phase Change Materials 

(NIPCM) with Boron Carbide (B4C) nanoparticles to improve 

efficiency. The introduction of nano-B4C-enhanced PCM 

offers a sustainable and efficient alternate heating, addressing 

traditional limitations and promoting low-energy, self- behind 

building environments. 

Cui et al. [17] discussed the improvement status of radiant 

floor cooling systems (RFCS) and their potential applications. 

It highlights the importance of self-regulating capabilities in 

addressing cooling demand and grid stability. The review also 

discusses the challenges of anti-condensation and system 

design, and the integration of RFCS with ventilation systems. 

It also highlights the need for proper sizing to maintain cooling 

performance. The review also highlights the need for research 

on passive condensation methods and the application and 

retrofitting of RFCS. Radiant floor systems contribute 

significantly to energy conservation and emission reduction, 

making them a valuable tool for clean energy utilization. 

The integration of renewable heating and cooling (RHC), 

photovoltaics, heat pumps, and district heating can reduce 

primary energy use by 40% to 80% [18]. Thermally activated 

building systems (TABS) can provide load shifting upwards to 
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100%, hence enhancing the internal consumption of renewable 

energy. This research presents evidence about the efficacy of 

integrating radiant systems with renewable energy sources as 

a viable technique for attaining almost negative yearly energy 

balances in building inventories.  

Through the assessment of earlier research that improves 

radiant heating floors, especially those that use hydronic work 

fluid, it has been identified that a gap remains in achieving 

optimal performance for these systems. This study focuses on 

the performance of radiant floor heating systems including the 

design of the heating pipe layout and the inlet temperature of 

the circulating water. Therefore, comparing two common 

designs spiral and serpentine numerically under varying inlet 

temperatures to determine their impact on energy efficiency 

and heat distribution. By analyzing these variables and seeking 

to provide actionable insights for optimizing radiant heating 

floor designs. 

 

 

2. PHYSICAL MODEL 
 

The heated floor systems, with pipes embedded, 

encompasses the whole area of the two living rooms, with each 

room exhibiting a distinct pipe configuration.  

Figures 1 and 2 illustrate it schematically. This article 

examines a comparable analysis of an under-floor heating 

technique based on the pipe layout kind, namely double 

serpentine versus spiral. The heating characteristics of looped 

pipes can substantially influence the effectiveness of heating 

systems in occupied spaces. Consequently, we analyze and 

contrast two frequently utilized piping substances for heating 

floor coils, specifically cross-linked polyethylene (PEX) and 

copper [18]. The choice of PEX coils for this study was 

influenced by durability considerations. The flooring 

assembly has five strata: A ceramic floor layer, a cement cover, 

a grid of heating conduits, insulation, and a slab. The concrete 

layer incorporates the network of PEX pipes. That substantial 

stays the most prevalent in this way applications. This system 

functions at outlet temperatures from the energy source of 

around 60℃. The cement slab retains heat & radiates it into 

the rooms with the heated water underfloor heating structure, 

obeying the NF DTU 65.14 P1 guideline [11]. The temperature 

of radiant heating floors often attains 22℃, with levels of 

humidity fluctuating between 30% and 50%, rendering the 

heat tolerable for comfort. Thermal emissions arise from 

convection via the heating tiles. The calculations are 

determined by space’s specifications and rely on various 

factors, with the distance in the middle of the tubes, the 

thermic resistance of the covering, and the type of isolation. 

The variable is inlet water temperatures: 50℃, 55℃, and 60℃ 

as well as changing the flow rate of hot water 3,6,9,12 L/min. 

 

 
 

Figure 1. Schematic diagram for spiral layout 

 
 

Figure 2. Schematic diagram for serpentine layout 

 

2.1 Assumptions and equations 

 

The thermic characteristics of the technique panel are:  

• Isotropic and temperature independent [19]. 

• Temperature slopes of the solid section at the 

locations where pipelines are fixed are also measured 

in the analysis. 

• Water as a working fluid. 

• Built on the studied water speeds inside pipes, the 

flow is turbulent.  

Considering the earlier assumptions, the heat transfer 

equations for this structure in a 3D configuration and under 

steady-state conditions are represented by the continuity-

equation. The equation of conservation energy is spilites using 

the 1st-order windy scheme, while the conservation of 

momentum equation is discretized using the second order 

upwind scheme. 

 

Continuity equation can be illustrated by [20]: 

 
𝜕𝜌

𝜕𝑡
+ ∇. (𝜌𝑣) = 0 (1) 

 

where, V, ρ, and t are the velocity, local density, and time, 

respectively. 

Energy equation is provided in Eq. (2) [21]: 

 
𝜕

𝜕𝑡
(𝜌𝐸) +

𝜕

𝜕𝑋𝑖

[𝑢𝑖(𝜌𝐸 + 𝑃)]

=
𝜕

𝜕𝑋𝑗

[𝐾𝑒𝑓𝑓

𝜕𝑇

𝜕𝑋𝑗

+ 𝑢𝑖(𝜏𝑖𝑗)𝑒𝑓𝑓)]

+ 𝑆ℎ 

(2) 

 

where, P: static pressure, (τij)eff: stress tensor, Sh, is the 

expressed the supplier term provided by equation: 

 

𝑆ℎ =
−𝑈𝑔 𝑋 𝐴 𝑋 (𝑇𝑠 − 𝑇𝑎)

𝑉𝑟

 (3) 

 

E is overall energy symbolized by: 

 

𝐸 = ℎ −
𝑃

𝜌
+

𝑢𝑖
2

2
 (4) 

 

The stress tensor (τij)eff is presented by the subsequent 

relationship giving: 

 

(𝜏𝑖𝑗)𝑒𝑓𝑓 = 𝜇𝑒𝑓𝑓 [
𝜕𝑢𝑖

𝜕𝑥𝑖

+
𝜕𝑢𝑗

𝜕𝑥𝑗

] −
2

3
𝛿𝑖𝑗𝜇𝑒𝑓𝑓

𝜕𝑢𝑘

𝜕𝑥𝑘

 (5) 
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where, I: unit tensor, μ: molecular viscosity, and next term in 

the right hand is the cause by volume increase. 

Differential balance explaining momentum conservation for 

a Newtonian flow is: 

 
𝜕𝑢

𝜕𝑡
+ 𝑢𝑖

𝜕𝑢𝑖

𝜕𝑥𝑖

= −
1

𝜌

𝜕𝑃

𝜕𝑥𝑖

+
𝜕

𝜕𝑥𝑗

(𝜇
𝜕𝑢𝑖

𝜕𝑥𝑗

) (6) 

 

To resolve a governing-equation mathematically, the 

turbulence enclosure model applied here is the model K-ɛ to 

analyze the turbulent proprieties of flow. This kind is 

presented by Oubenmoh et al. [22] and provides a general 

explanation of turbulence using 2 transport relations. 

The equation for “turbulence kinetic energy”, K, is 

represented as follows (7) [23]: 

 
𝜕

𝜕𝑡
(𝜌𝑘) +

𝜕

𝜕𝑥𝑖

(𝜌𝑘𝑢𝑖)

=
𝜕

𝜕𝑥𝑗

[(𝜇 +
𝜇𝑡

𝜎𝑘

)
𝜕𝑘

𝜕𝑥𝑗

] + 𝐺𝑘 + 𝐺𝑏

− 𝜌𝜀 − 𝑌𝑚 + 𝑆𝑘 

(7) 

 

Equation of the specific dissipation rate of turbulent energy 

ɛ is represented by Eq. (8) [24]: 

 
𝜕

𝜕𝑡
(𝜌𝜀) +

𝜕

𝜕𝑥𝑖

(𝜌𝜀𝑢𝑖)

=
𝜕

𝜕𝑥𝑗

[(𝜇 +
𝜇𝑡

𝜎𝑘

)
𝜕𝜀

𝜕𝑥𝑗

] + 𝐺1𝜀

𝜀

𝑘
(𝐺𝑘

− 𝐺3𝜀𝐺𝑏) − 𝐺2𝜀𝜌

𝜀2

𝑘
+ 𝑆𝜀 

(8) 

 

“Gk, Gb, Ym in Eq. (7) the generation of turbulence kinetic 

energy due to mean velocity gradients, buoyancy, and 

fluctuating dilatation in compressible turbulence contribute to 

the overall dissipation rate. Additionally, G1ε, G2ε, and G3ε are 

constants. The coefficients σk and σε are the turbulent Prandtl 

numbers for k and ɛ, respectively. Sk and Sɛ are user-defined 

source terms”. The model constants are provided in Table 1. 

 

Table 1. Coefficients values of the k-ε type 
 

𝐂𝛍 𝐂𝟏𝛆 𝐂𝟐𝛆 𝐂𝟑𝛆 𝛔𝐤 𝛔𝛆 

0.09 1.44 1.92 1 1 1.3 

 

The ground's cover temperature average is determined using 

Eq. (9): 

 

𝑇𝑠 =
1

𝑆
∫ 𝑇𝑖𝑜𝑑𝑥

𝑠

0

 (9) 

 

The heat transfer coefficient hw for the surface between 

water and pipe was calculated from: 

 

hw=0.116(Re2/3 -125)Pr1/3(1+(di/L)2/3)kp/di (10) 

 

where, L is the characteristic length (m) of the pipe, kp thermal 

conductivity of the pipe (W/m.K), di inner diameter of the pipe 

(m), Re Reynolds number (-), Pr Prandtl number (-). 

The heat add or loss was calculated by equation form: 

 

𝑞 = 𝑚.𝑐𝑝∆𝑇 (11) 

 

2.2 Mesh report 

 

Unregulated Polyhedral mesh is specified in the 

investigation for the solid area where pipes are installed. 

Density of mesh can change the correctness of numerical 

computations. As a result, in the imitation process, the 

information was found in Table 2. 

 

Table 2. Mesh data 

 
Domain Nodes Elements 

air 17362254 3330485 

c 205214 40800 

conc 5052913 1835314 

pipe 1795546 1449580 

slab 242807 80400 

wood 81204 40200 

All Domains 24739938 6776779 

 

The suggested study is to model several configurations of 

serpentine loops to find the one that validates a consistent 

surface temperature. Figures 1 and 2 depict the 2 kinds of coil 

models employed for underfloor-heating: spiral and serpentine 

layouts. The selected coil configuration is a four-sided floor 

with dimensions of (2*2) meters in length & width 

respectively. The spiral structure (Figure 1) comprises a tube 

approximately 54 meters in length. The distance between the 

two tube designs is 16 cm. The serpentine configuration 

(Figure 2) comprised an approximately 34-meter arrangement, 

maintaining identical spacing to enable a comparison between 

the two settings. At time t=0, the initial ground temperature is 

Ts=17℃, and the heat transfer fluid utilized in the study is 

water, classified as a non-compressible fluid. Table 3 

presented the input parameters of computational model while 

Table 4 presents a comprehensive analysis of the enter 

components heating pipes, heat transfer fluid, and the floor is 

used for ambient exchange in the computation for modelling 

the heating system within the rooms. We consider the bounds 

of our field in an adiabatic manner. 

 

Table 3. Input parameters for computational modeling 

 
Fluid (Water) Piping (PEX) [19] Floor (Concrete) 

Density: 

=1000 Kg/m 
 

Density: 

ρs=2300 Kg/m3 

Thermal 

conductivity: 

K=1.6 W/m. K 

Thermal 

conductivity: 

Kc= 0.41 W/m. K 

Thermal 

conductivity: 

Ks=1.75 W/m. K 

Heat capacity: 

Cp=4185 J/K. Kg 
 

Heat capacity: 

Cp=878 J/K. Kg 

 

Table 4. Characteristics of PEX pipe [25] 

 
Parameter Value 

Conductivity of pipe wall 0.45 kJ/h.m.k 
Spacing between Pipes 0.2 m 

outside diameter 0.016 m 
Thickness 0.00165 m 

Liquid specific thermal capacity 4.19 kJ/kg.k 

 

 

3. RESULTS AND DISCUSSIONS 
 

This paper uses a case study for mathematical simulations 

to forecast temperature diffusion and the degree of 

homogenization in the underfloor heating system. Where, 
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Figure 3 (a), (b), (c) and Figure 4 (d), (e), (f) showed the 

counter for distribution temperature for the two layout’s pipe 

(Spiral & serpentine configuration) respectively in the 

difference inlet water temperature as (50, 55 and 60℃) at 

flowrate 12Lit/min. and found the differences between two 

layouts its near and saved about 0.5℃.  

 

 
(a) 50℃ inlet temp for spiral layout 

 

 
(b) 55℃ inlet temp for spiral layout 

 

 
(c) 60℃ inlet temp for spiral layout 

 

Figure 3. Temperature distribution for spiral pipes at 

different inlet temperatures 

 
(a) 50℃ inlet temp for serpentine layout 

 

 
(b) 55℃ inlet temp for serpentine layout 

 

 
(c) 60℃ inlet temp for serpentine layout 

 

Figure 4. Temperature distribution for serpentine pipes at 

different inlet temperatures 

 

Figure 5 illustrates the temperature contour map of the 

radiant surface at an intake flow rate 12 Lit/min and inlet 

temperatures of 50, 55, and 60℃. This is executed to 

systematically assess the temperature homogeneity of the 

radiating surface. The minimum temperature for the facets was 

documented, indicating a distribution of roughly 18℃ for the 

spiral pipes and around 20℃ for the serpentine pipes. The 

maximum facet temperature was recorded at the edge of the 

637



 

radiant surface, particularly in regions with spiral or serpentine 

pipes, with values of 57 and 58℃, respectively. The 

discrepancy between the maximum and minimum temperature 

attained was 38℃, exceeding our forecasts for the concrete 

radiant roof. An optimal arrangement of the serpentine pipes 

will improve the consistency of temperature dispersion over 

the radiant surface. 

 

 
(a) 50℃ inlet temp for spiral layout 

 

 
(b) 50℃ inlet temp for serpentine layout 

 

 
(c) 55℃ inlet temp for spiral layout 

 
(d) 55℃ inlet temp for serpentine layout 

 
(e) 60℃ inlet temp for spiral layout 

 

 
(f) 60℃ inlet temp for Serpentine layout 

 

Figure 5. Temperature distribution at surface floor 

 

Figure 6 the temperature contours of the XY plane at a 

steady state, derived from a range of varying inlet 

temperatures (Ti=50, 55, and 60℃, mass flow rate=12 

Lit/min), The temperature contours for input water 

temperatures of 50℃, 55℃, and 60℃ display analogous 

distribution patterns, with notable variations in the extent and 

intensity of the thermal gradients: At 50℃, the temperature 

range of the floor is significantly lower, with maximum 

temperatures near the pipes reaching moderate levels, while 

the peripheral areas exhibit bigger cold zones. This signifies 

less heat transfer relative to elevated inlet temperatures. 55℃: 

This state indicates a more equilibrated thermal gradient. The 

surface attains a temperature range nearer to the preferred 

comfort range (24-29℃), with marginally reduced chill zones 

relative to the 50℃ scenario. The 60℃ condition has the most 

extensive overall temperature range and reduced cool zones, 

as illustrated in the image. The elevated inlet temperature 

facilitates expedited heat transport, resulting in increased 

surface temperatures at the periphery, albeit with a possibility 

of uneven heat distribution. Increasing the input temperature 

diminishes cool zones and improves thermal distribution, but 

at the expense of elevated energy usage. The 55℃ scenario 

seems to offer an ideal equilibrium, reducing cool areas while 

sustaining agreeable surface temperatures without undue 

heating. At 50℃, the distribution is non-uniform, exhibiting 

distinct temperature gradients emanating from the pipe. Colder 

areas prevail at the peripheries, indicating inadequate heat 

distribution. At 55℃, the distribution enhances, accompanied 

by a decrease in chilly zones. The middle sections exhibit 

enhanced homogeneity, and the edge losses are somewhat 

reduced in comparison to 50℃. At 60℃, optimal homogeneity 

is noted in the center regions, however minor overheating at 

the pipe and boundary effects at the peripheries remain evident. 
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As described above, homogeneity improves with increasing 

inlet temperature; however, at 60℃, the benefits lessen, and 

the risk of overheating escalates. 55℃ provides optimal 

homogeneity. The thermal comfort range of 24-29℃ is 

attained under various scenarios at 50℃. Limited comfort 

zones are primarily attained near the pipe. Peripheral regions 

exhibit performance levels that are below the acceptable range. 

at 55℃ The expanded comfort zone is achieved, with much of 

the floor surface falling within or close to the optimal range, 

resulting in the most energy-efficient condition at 60℃. The 

overall floor surface surpasses the lower comfort threshold; 

however, areas adjacent to the pipe may marginally exceed the 

upper limit, which could result in inefficiencies or discomfort. 

The analysis indicates that 55℃ achieves an optimal balance 

between comfort and energy efficiency, whereas 60℃ may 

result in unnecessary energy expenditure due to overheating.  

 

 
(a) 50℃ inlet temp for spiral layout 

 

 
(b) 50℃ inlet temp for Serpentine layout 

 

 
(c) 55℃ inlet temp for spiral layout 

 
(d) 55℃ inlet temp for serpentine layout 

 

 
(e) 60℃ inlet temp for spiral layout 

 

 
(f) 60℃ inlet temp for serpentine layout 

 

Figure 6. Temperature distribution for air inside room 

 

Figure 7 analysis of temperature distribution inside slab for 

the spiral design of a slab is characterized by a centralized heat 

distribution, with the highest temperatures concentrated in the 

center and decreasing towards the periphery. This design is 

effective at 50℃, but chill zones are present at the peripheries 

due to restricted lateral heat transport. At 55℃, the floor 

attains a more uniform temperature distribution, diminishing 

chilly areas. At 60℃, the temperature gradient becomes more 

uniform, yet the central regions show minimal overheating. 

The serpentine configuration generates unique longitudinal 

heat bands aligned with pipe runs, with cooler areas at the pipe 

ends where water leaves. At 50℃, cooler areas prevail 

between pipe runs, indicating irregular heat distribution. At 

55℃, the surface experiences enhanced thermal diffusion, yet 

banding effects continue. Due to its continuous inward-
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outward design, the spiral configuration ensures more 

consistent heat distribution across the floor, especially at 

elevated inlet temperatures. 

The spiral configuration attains enhanced uniformity across 

all intake temperatures, especially at 55℃ and 60℃, where 

most of the surface stays within an optimal temperature range. 

The shape facilitates even heat distribution from the middle 

outward, minimizing the presence of hot and cold areas. The 

serpentine pattern exhibits difficulties with homogeneity, 

particularly at lower inlet temperatures (50℃), where cooler 

zones are more evident between the pipes. At 60℃, thermal 

homogeneity enhances; however, the banding effect persists 

due to the linear configuration of pipes, which constrains 

lateral heat distribution. The spiral configuration surpasses the 

serpentine design in terms of uniform heat distribution, 

rendering it more appropriate for applications necessitating 

continuous surface temperatures. Spiral Layout: At 55℃, the 

spiral configuration attains optimal thermal comfort, with 

most areas within the comfort range (24-29℃) while 

preventing overheating. This inlet temperature seems to 

achieve an optimal equilibrium between comfort and energy 

efficiency. At 60℃, warming in the core sections may result 

in minor inefficiencies, however the design ensures superior 

coverage across the surface. Serpentine Layout: At 50℃, the 

serpentine configuration fails to ensure comfort owing to 

irregular heat distribution. At 55℃, thermal comfort enhances; 

yet the banding effect induces localized discomfort. At 60℃, 

most of the surface lies within the comfort range; nonetheless, 

the design is less efficient than the spiral configuration. 

 

 
(a) 50℃ inlet temp for spiral layout 

 

 
(b) 50℃ inlet temp for Serpentine layout 

 

 
(c) 55℃ inlet temp for spiral layout 

 

 
(d) 55℃ inlet temp for serpentine layout 

 

 
(e) 60℃ inlet temp for spiral layout 

 

 
(f) 60℃ inlet temp for serpentine layout 

 

Figure 7. Temperature distribution inside the slab 
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The improvement percentage in heat gain for serpentine 

pattern over spiral layout at inlet temperatures (50, 55, and 

60℃) is around 12.22%, 15.05%, and 10.29%, respectively, 

as shown in Figure 8. It should be mentioned that the optimal 

percentage occurs at 55℃.  

 

 
 

Figure 8. Temperature inlet vs. heat gain 

 

 

4. VALIDATION  

 

The flooring assembly comprises five categories: floor 

covering, a concrete layer, a network of pipes, insulation, and 

a slab. The insulation plate fixes a network of PEX pipes and 

embeds them within the concrete layer. This material of pipes 

is the most utilized in such projects, principally because of its 

long-term durability, ease of implementation, and corrosion 

resistance. The concrete slab retains heat and radiates it into 

the rooms with the hot-water underfloor heating system, 

adhering to the NF DTU 65.14 P1 standard [26]. Referring to 

Figure 9, which shows the validation between this work and 

Yassine & Mohammed, find the serpentine in this work above 

about 20 to 25%, while for the spiral layout, the work is about 

27 to 30%. 

 

 
 

Figure 9. Temperature distribution inside the slab 

 

 

5. CONCLUSION  

 

This study underscores the importance of selecting the 

appropriate radiant floor heating design based on specific 

operational conditions. By providing a comprehensive 

comparison of two designs under varying inlet temperatures 

and flow rate, the findings contribute to the development of 

more efficient and user-friendly radiant heating systems. 

Preliminary results indicate that the spiral layout achieves 

better heat distribution uniformity at lower inlet temperatures, 

while the serpentine layout demonstrates higher efficiency at 

elevated temperatures.  

• The spiral layout provides more uniform heat 

distribution across the floor, particularly at higher 

inlet temperatures, due to its continuous, inward-

outward design that minimizes temperature drops 

between regions. And the spiral layout achieves 

better thermal comfort across all temperatures, 

especially at 55℃, which offers the best trade-off 

between energy efficiency and uniform heat 

distribution. 

• The serpentine layout demonstrates distinct banding 

patterns due to the lack of uniform lateral heat 

dissipation between adjacent pipes, making it less 

efficient in achieving uniform heating and the 

serpentine layout requires higher inlet temperatures 

(60℃) to achieve similar comfort levels but with 

reduced efficiency due to its inherent banding effects. 

• Boundary heat loss is inversely proportional to inlet 

temperature. Insulation improvements would 

particularly benefit the 50℃ and 55℃ systems, 

making them more energy efficient.  

• The optimal Heat gain occur at (55℃) for both 

serpentine layout and spiral layout. Where the 

enhancement percentage in heat gain for serpentine 

pattern over spiral layout about 15.05%. 
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NOMENCLATURE 

CP specific heat, J. kg-1. K-1 

g 

k 

gravitational acceleration, m.s-2 

thermal conductivity, W.m-1. K-1 

Nu local Nusselt number along the heat source 

Greek symbols 

 thermal diffusivity, m2. s-1 

 thermal expansion coefficient, K-1 

 Kinamatic viscocity m2.s-1 

µ dynamic viscosity, kg. m-1.s-1 

Subscripts 

s slab 
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