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In this study, the transient energy and exergy performance of a novel solar air heater incorporating a phase change
material (PCM), a porous matrix and an air recycling system was investigated based on the climatic data of Bojnord
city using an analytical-numerical approach. Energy balance equations for the system components were derived
analytically, and local temperature distributions along the channel and over time were computed. Three configurations
were considered: a reference system without PCM and porous matrix, a system with PCM, and a combined system with
both PCM and porous matrix. Results showed that PCM reduced thermal fluctuations and sustained heating during
periods without solar radiation, with outlet air temperature approximately 6 °C higher than the reference system.
Moreover, the porous matrix enhanced flow turbulence and heat transfer surface area, resulting in a more uniform
thermal response. The analysis of mass flow rate effects in the combined system indicated that increasing the flow rate
from 0.01 to 0.025 kg/s raised cumulative thermal efficiency from 48.02% to 65.88%, while cumulative exergy
efficiency decreased from 3.58% to 1.82%, demonstrating that higher flow rates enhance heat recovery, whereas lower
flow rates improve the quality of the output energy. The main novelty of this study lies in the simultaneous investigation
of the effects of a phase change material (PCM) and a porous matrix in a solar air heater under Iranian climatic
conditions. The findings suggest that the proposed system can be effectively applied for energy-efficient heating of

residential and industrial buildings.
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Table 2 Geometric characteristics of the packed bed matrix [2]
Type of matrix dw (mm) pt (mm) n P
M3 0.4 1 12 0.95

[13] RT50 osiz35l8 s oslo Lolg> W Jgdz
Table 3 Properties of PCM RT50 [13]

Properties
Melting 45°C-51°C
Solidification 51°C - 46°C

Storage capacity (43-58 °C) 160+ 7.5% 4
£ 75%,

Specific heat capacity (both phases) 2 k:%(
Density (solid phase) 0.88 "Tg
Density (liquid phase) 0.76 “TH
Thermal condutivity (both phases) 02
Expansion 12.5";/:
Flash-point >200°C
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Table 1 Classification of solar air heater systems
Classification Criterion Categories
- Evacuated tube collectors
- Concentrating solar collectors
- Flat-plate collectors
- Systems incorporating thermal
energy storage (TES)
- Systems without TES
- Single-pass arrangements
- Double-pass arrangements
- Multi-pass arrangements
- Passive solar air-heating systems
- Active solar air-heating systems
- Turbulator-enhanced absorbers
(ribs, fins, baffles, etc.)
- Porous/permeable absorbers
- Smooth absorbers
- Airflow over the absorber surface
- Airflow beneath the absorber surface
- Airflow along both sides of the
absorber surface
- Airflow through a porous
absorber medium

Collector Type
Thermal Storage Integration

Number of Airflow Passes

Airflow Mechanism

Absorber Surface Geometry

Airflow Passage Path
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Fig. 1 Configuration of the investigated solar air heater
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Table 4 Optical Properties and Geometrical Dimensions of the System Components

Components Length (m) Width (m) Thickness (m)
Transparent cover 2.2 0.45 0.03
Matrix 2.2 0.45 e
Absorber plate 2.2 0.45 0.03
Lower plate 2.2 0.45 0.03
Back plate 2.2 0.45 0.03
Insulation 202 0.45 0.05
Channels31, 2,and 22 045 o
PCM unit 82 0.45 ===
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Ahmadkhani etal. Present study
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1 313.89 313.71
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air mass flow rate

s o3lo 4 jeze SS9 (65,351 9 a2 il o33L Y Jgiz
&l Guoyile a9 b edls g3 55 sximsjld
Table 8 Cumulative thermal and exergy efficiency of the solar air

heater equipped with PCM in two cases: with and without porous
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PCM (without Matrix) PCM + Matrix
Nehcum 66.36 65.88
e cum 2.90 1.82

(kg/s) Neh,cum Nex,cum
0.01 48.02 3.58
0.015 56.1 3.03
0.025 65.88 1.82
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