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INTRODUCTION & AIM = Numerical Model
Bio panel (L.5cm) 10cm ¢(1750m)
Numerical simulations were performed using COMSOL poM(acm) +0sB(2+10m) | EIISEEEEE
Phase Change Materials (PCMs) are widely used for thermal energy storage because of their high latent heat 'll\/lllge’[:‘[?ahySICS under realistic summer conditions In Constantine, - ' e
capacity. However, accurately modeling energy storage in PCMs remains challenging, particularly when using o : : : .
Several equivalent Cp formulations have been proposed in the literature, but significant discrepancies may occur yer, Yer, > Tayet, g N\ 5 <
. _ . layer, another 1 cm OSB layer, and a 1.5 cm interior plaster layer. 5 g S
In predicting heat capacity and enthalpy. Boundary conditions include: 5 < c g ¢
Therefore, the main objective of this work Is: + Solar radiation ' S 3 S
» To evaluate different equivalent heat capacity formulations used for PCM modeling . Convective heat transfer 5 )
.» To improve the conventional D(T)-based formulation . Radiative heat exchange < EE
.» To identify the most accurate model through comparison with experimental DSC measurements. J :
Simulated wall configuration
: : T
I\/I ETH O D On exterior surface: _kcement Ax — he (Te _ Tcement) + gcementU(Te4 _ Tcement4) + acementl(t)
: : _ oT _ 4 4
] ] ] On interior surface: _kplaster ax hi (Ti _ Tplaster) + gplastero'(Ti _ Tplaster )
1. Bio-Based PCM Characterization S— _
A sustainable bio-based PCM synthesized from local vegetable oils and beeswax was experimentally s global radiation
characterized using Differential Scanning Calorimetry (DSC).Main thermal properties: T T
« Melting range: 27-38.3 °C P i} T :
« Latent heat of fusion: 64 kJ/kg n LY YU P i S
- i ] £ 25 Iy Ll o R R R A A ] 400 =
« Approximately 9000 experimental DSC data points were collected. ol g i 1 A 8
i Endo i 10 — —
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2] T W Temporal variations in outdoor temperature, total radiation, and wind during the summer in Constantine
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g s B p(at+“ax+”ay = ax+u 6x2+ay2 + A(T) X u
S g e v ov_ v\ _ 9P (9% 0%\ -
= —— Heat capacity 23 P §+ua+v@ ___a_y_l_“ ax2+ay2 AT X v+ Fy
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P The density of the MCP: p(T) = ps + (pr — ps) X B(T)
DSC curves of various bio-based sample at a scanning rate of 2 °C/min The function B(T) exhibits a linear behavior in the phase transition region:
. ( oT  dT T 92T 92T (0
< Energy equation: Cp, <—+u—+v—> - k( + ) dans le MCP T < (Tpic — AT)
VA ! Pea\or T Tox T oy 0x* ~ 0y* B(T) = 4 (T = Tpic +AT) Toic — AT <T < Toic + AT
T
\pCpg—t + V.(—kVT) =0 dans les matériaux de construction \1 2 AT T > Tpic + AT
/ 3. Equivalent Heat Capacity Models 4- The correlation-based thermal capacity model based on experimental data (Model 1): \
( _ _
: : : : : _ Cps(T) = 1.4327 + 0.1643T — 1.16 X 1072 T? + 2.8 x 1074 T3
Four equwalent_heat capacity formulations vyere mvest_lg_ated. | o CPog = 4 Cpi(T) = —146.966 + 9.25078T — 0.13690T?
1- A Cyformulation based on the D (T )function, combining the heat capacity of the PCM in its different states, was Cp,(T) = 40.017 — 1.908T + 3.198 X 10~2T% — 1.78 x 10~* T3
adopted from previous studies ([K. Kant et al., 2017, 2018, 2020; M. Nouira et al., 2018; T. Bouzennada et al., 2020]) 1ol 4 model for oh N el ) Model 3 dopted based ) s of M. Ahmad
CPeq(T) = Cpg + (Cp, — Cps) X B(T) + D(T) X L 5- A widely used mode or phase transition modeling (Model 3) was adopted based on the works of M. Ahma
_ o et al. (2006), E. M. Alawadhi et al. (2008), and P. Lamberg et al. (2004).
2= Cp as a function of D(T) divided by (T gt Tonset) - Was proposed (Model 2). (Cp
— _ L Cps + Cpl L T < Tonset
Cpeq (T) - CpS + (Cpl Cps) X B(T) T D(T) X T T Cpeq = 9 + Tonset <T< Tendset
) ) endset = fonset 2 Tendset — Tonset T, < T
3- Experimental data (DSC experimental data) Cpy l
6- Model 4 corresponds to the phase change model implemented in COMSOL Multiphysics, which has been widely used in 1 da,,
\previous studies [M. H. Baghban et al. (2010), M. I. Hasan et al. (2018), M. Li et al. (2019), and Y. Hamidi et al. (2012)]. Pea(T) =505 (6spsCps + 6:1p1Cpy) + L—-=
1- Veerification of the Conventional D(T) Formulation 2- Evaluate equivalent Cp approaches for modeling energy storage in PCMs
m —Gerama | : Cpas afunction of D(T) v The conventional D(T) x L formulation L
?soo. generateS Unrea“StIC heat CapaCIty peakS and 0 —Cpexperimental—Modellj)mlgg:guz@l_mz?lve:lzc_pde&e::;ﬂ?ecmiilonD(T)devisedby(Tendset -Tonset) ‘/ Model 1 (The Correlatlon_based thermal
A ianifi o1, Ll RN RN R NIRRT Y ! .
gmi Cp as a function of D(T) Slgmflca_nt enthalpy_errors. *ﬁg rﬂﬁ rfl, o K] : KL ﬂ M‘ &* L% | | capacity model derived from
2" divided by (Tene Tone) ¥ INtroducing the scaling factor e\ I ﬁ ] | experimental data C,) provides the most
2 1/(Tendset—Tonset) substantially improves s | accurate fit to the experimental results.
= 5 . - %6-
oul L | Experimental CP the agreemfnt;Wlthdexp?'ntmeﬂtaltDSC c!?ta, . ] | ¥These models reproduce the phase
e ¥ EEIED & el 0Le el T0) ERLIRLD sl Ll peltliny £, ‘ | e ﬁ “ " transition satisfactorily, although they
e baseline (~9 J/(g-K)), and maintains. SUGUUVUUUUYUYY J exhibit simplified rectangular heat
Time (Day) phys_lcally consistent enthalpy variations o - capacity profiles in the transition region
Enthalpy variation at the center of the PCM layer during the summer within the range of 8-120 kJ/kg. e S (~8.6 JI(g-K)).
equivalent Cp various approaches: Cp as a function of D(T), Cp as a function 190 — v'Models 2 and 3 show only minor
of D(T) divided by (Tgqgser~ Tonser) @nd experimental data for Cp. 10- e e ™! deviations, with maximum discrepancies
290, P remaining below 20 kJ/kg.
2851 The optimized C,model, obtained by dividing z EZ I v/ Limitations of COMSOL Standard
LA D(T) x L by the phase change interval 3 Formulation (Model 4): The standard
%ZZ & (Tenaset — Tonset) -Predicts indoor surface % 50 9 formulation overestimates the heat
§26:5_ it w | temperatures that closely match those obtained o g | : | capacity peak (up to 9.6 J/(g-K)),
= 26.0- LN from experimental C,data, demonstrating a 20 resulting in significant enthalpy errors
o2 == ggzjseg;:gscgﬁntgzglon D(T) devised by (Tendset -Tonset) Rl reaIIStIC representatlon Of the thermal 0 | 1OIO | 20IO | 3IOO 40;) | 50I0 | 60IO | 7(;0 that may reaCh 45 kJ/kg
S storage behavior of the bio-based PCM. _ Time ()
Time (Day) Heat Capacity and Enthalpy Variations at the Center of the PCM
Variation in indoor wall temperature in summer with different Layer in July Using Different Equivalent Heat Capacity Models

approaches to equivalent Cp.

CONCLUSIONS FUTURE WORK

In conclusion:

 Experimental validation under real climatic conditions.
» Long-term thermal cycling analysis.
* Integration of nanoparticles to enhance thermal conductivity.

* A sustainable bio-based PCM exhibiting a melting range of 27—38 °C and a latent heat of 64 kJ/kg was successfully developed.
» The conventional D(T)xL formulation is unsuitable for PCMs exhibiting phase transition intervals greater than 1 °C.

* Dividing the term D(T)xL by the interval (Tendset — Tonset) considerably improves modeling accuracy.

 The correlation-based model derived from experimental Cp data provides the highest accuracy.

« The COMSOL built-in phase change model requires validation for each specific PCM.

 The optimal Cp formulation significantly improves the prediction of thermal energy storage and building thermal performance.
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