


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Thermal and Energy Performance Analysis of Solar Dryers with Adobe Walls: An Experimental Study in Semi-Arid Regions

[bookmark: _GoBack]Abstract
This study evaluates the performance of a greenhouse-type solar dryer incorporating adobe (banco) walls, a natural material renowned for its thermal inertia. Designed to improve the drying of agricultural products in tropical regions, this system addresses the limitations of traditional methods—such as dependency on weather conditions, contamination risks, and product quality degradation. By emphasizing the use of local materials, it reduces costs and environmental impact while enhancing the energy efficiency of the drying process.
Experimental observations over four consecutive days of operation (from January 21 to January 25, 2019) demonstrate the dryer’s ability to maintain stable internal temperatures, significantly above ambient levels. Temperature measurements reveal a consistent thermal stratification, with the lower part of the dryer (near the floor) reaching peak temperatures of up to 56°C, thanks to direct solar radiation. In contrast, drying air measured at 90 cm above the floor remains slightly cooler due to convective heat transfer. Notably, during sunless periods, the dryer retains an internal temperature approximately 6°C higher than the ambient air, highlighting the thermal inertia provided by the adobe walls.
The study also notes a temporary temperature drop on the second day, attributed to cloud cover, underscoring the importance of solar availability. Nevertheless, the dryer continues to perform efficiently under fluctuating weather conditions. These findings confirm the adobe-based dryer as a sustainable and low-cost alternative to conventional drying systems. Its performance supports broader adoption in rural settings, and the results encourage future optimization through the integration of other natural materials and the scaling of dryer designs for larger agricultural operations.
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1. Introduction
For rural communities in tropical and subtropical regions, the search for sustainable and efficient solutions for preserving agricultural production remains a major challenge. Indeed, the drying of food products—particularly fruits, vegetables, and grains—is a traditional yet essential technique to minimize post-harvest losses, ensure food safety, and maintain product quality. However, while commonly used, open sun-drying methods present several drawbacks, including susceptibility to weather conditions, contamination, and product degradation (Indiarto et al., 2020).
In this context, solar dryers emerge as a promising alternative. These systems enable faster and more controlled drying while utilizing solar energy (Singh & Gaur, 2024). Among emerging technologies, greenhouse dryers that incorporate local materials such as adobe (banco) have attracted increasing interest due to their low cost, minimal environmental impact, and suitability for rural community needs (Venkateswarlu et al., 1989; Barpatra Gohain & Dutta, 2025).
Numerous scientific studies have investigated solar drying systems, typically categorized into three types: direct, indirect, and hybrid dryers (Fernandes & Tavares, 2024). Direct dryers, such as greenhouse dryers, capture solar heat through a transparent surface to warm the air and dry the products (Ekechukwu and Norton, 1999). Indirect dryers use a heat exchanger to transfer heat to a separate drying chamber. Hybrid systems combine both solar and auxiliary energy sources to enhance efficiency (Fudholi et al., 2010).
Adobe, a traditional building material made from raw earth, is widely recognized for its thermal properties and availability. Its ability to regulate temperature and humidity makes it a material of choice for designing solar dryers in hot climates (Parra-Saldivar et al., 2006). Recent studies have shown that adobe structures can maintain stable internal temperatures, thereby reducing thermal fluctuations that may compromise drying quality (Touati et al., 2023; Bailly et al., 2024; Heracleous et al., 2023).
However, the specific application of adobe in greenhouse dryer design remains underexplored. There is a pressing need to deepen understanding of the performance of such systems, particularly in terms of energy efficiency, drying quality, and long-term durability (Ntwali et al., 2021; Rahman et al., 2025; Andharia et al., 2024).
The objective of this study is to design, implement, and evaluate a greenhouse solar dryer equipped with adobe walls. The main goal is to assess the thermal and drying performance of this system in a tropical context, with a particular focus on:
· analyzing the dryer’s ability to maintain optimal drying conditions;
· evaluating the quality of the dried products;
· comparing the performance with conventional solar dryers;
· examining the technical and economic feasibility for large-scale adoption by local communities.
This research thus aims to provide practical and sustainable solutions to improve agricultural drying conditions, while promoting the use of local and environmentally friendly materials.
2. Design and Experimentation of the Adobe Greenhouse Solar Dryer
2.1 Schematic and Description of the Dryer
The experimental solar dryer was designed and constructed using locally available building materials. The prototype dryer has a parallelepiped shape with dimensions of 1.5 m in length, 1 m in width, and 1 m in height, giving it a total internal volume of 1.5 m³. The roof of the dryer is made of 5 mm thick glass and is inclined at an angle of 15° with respect to the horizontal plane, as illustrated in Figures 1 and 2.
[image: ]
Figure 1: dryer plan					Figure 2:   Banco dryer

2.2 Construction of the Prototype Dryer
2.3 Fabrication of Adobe Bricks
“Banco,” or raw earth, is one of the oldest construction composites known. It is primarily composed of earth mixed with water and often supplemented with straw. To produce prismatic bricks, the earth is molded while in a plastic state and manually compacted to expel air trapped within its pores. Once compacted, the bricks can be immediately demolded.
The bricks are left to dry in the sun for several days. As soon as they can be handled without deformation, they are set upright on their edges to ensure uniform drying on both bearing and laying surfaces. Although the mechanical strength of adobe may be lower than that of industrially manufactured bricks, it is generally sufficient for human use.
When properly constructed and maintained, buildings made from adobe or rammed earth can last over a century in good condition. In theory, earthen structures can last indefinitely if given regular and appropriate maintenance (Clifton, 1977).
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Figure 3: Adobe brick fabrication
2.4 Caractérisation thermo-physiques de la brique d’adobe 
Les caractéristiques thermo-physiques des matériaux sont des mesures qui déterminent leur comportement. Elles constituent des données d’entrée pour la modélisation des transferts thermiques dans des systèmes complexes permettant ainsi de prédire leur comportement thermique. Dans notre travail, les caractéristiques thermo-physiques intrinsèques des matériaux ont été déterminées expérimentalement à l’aide du dispositif KD2-Pro (figure 3). 
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Figure 4: KD2 Pro device
2.5 Construction of the Dryer
After drying, the adobe bricks are assembled using a very stiff earthen mortar. This is the fastest construction technique involving raw earth. Moreover, the fabrication of adobe bricks requires very few tools—only a wooden (or metal) mold is needed to shape the parallelepiped bricks. As such, it is a highly cost-effective method, well suited to the needs of developing countries.
To build the prototype’s walls, the adobe bricks are stacked, and clay is used as a binding agent. The prototype dryer was constructed following this same approach. Additionally, once the main structural work was completed, the dryer was finished by applying a layer of the same earth used for the bricks to both the interior and exterior surfaces of the walls (Figure 5).
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Figure 5: Solar dryer constructed with adobe bricks
2.6 Determination of Key Parameters in the Experimental Prototype
2.6.1 Temperature and Relative Humidity Measurements
To measure temperature, J-type thermocouples (Fe–CuNi pair) were used. These sensors operate over a temperature range of −200 °C to 870 °C and are known for their good resistance to high temperatures, with an accuracy of ±0.1% °C. The thermocouples were connected to a 10-channel digital data logger (midi LOGGER GL200A, GRAPHTEC brand), which offers a measurement precision of ±0.8% (Figure 6(a)). Temperature data were recorded every 10 minutes during the experiments. Ambient relative humidity at the experimental site was measured using a Velleman DVM171THT hygrometer (Figure 6(b)) at 30-minute intervals.
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Figure 6 : Appareils de mesures : (a) enregistreur numérique de données de type midi LOGGER GL 200 A ; (b) hygromètre de marque velleman DVM171THT
2.6.2 Solar Radiation Measurement
Solar radiation was measured using an SR03-type pyranometer from Hukseflux (Figure 7), with an accuracy of 3.5%. This pyranometer was installed at the experimental site to record solar irradiance, which was logged using a GRAPHTEC-brand data recorder.
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Figure 7 : Pyranomètre de type SR03 de marque Hukselflux

Data Acquisition Protocol for the Dryer Study
Figure 7 illustrates the data acquisition system used to monitor temperature variations within the experimental solar dryer. The instrumentation relies on multiple temperature sensors positioned at strategic locations inside the dryer; all connected to a data logger (Midi LOGGER GL 200A) that records the measurements in real time.
1. Data Acquisition System
The system consists of:
· Temperature sensors (thermocouples or PT100 probes) placed at different heights and locations inside the dryer.
· A data logger (Midi LOGGER GL 200A), which automatically collects and stores the measured temperature data.
· A natural ventilation system, illustrated by arrows indicating airflow within the dryer.
2. Sensor Placement and Measured Data
The numbered sensors shown in the schematic allow thermal monitoring of several key zones of the dryer:
· Inlet air temperature: Measures the temperature of the ambient air before it enters the dryer.
· Interior wall temperatures (South, North, East, and West): Tps,i ; Tpn,i ; Tpe, i ; Tpo,i​; these indicate the influence of solar radiation absorbed and transferred to the drying air.
· Internal air temperature (Tai): Indicates thermal stratification and heat distribution within the drying chamber.
· Lower floor temperature (Tplt): Analyzes heat accumulation at the base of the dryer.
· Glass temperature (Tv): Evaluates solar capture efficiency and heat losses through the transparent cover.
· Inlet/outlet airflow: Monitors the movement and effectiveness of the drying air in extracting moisture.
3. Data Analysis and Interpretation
The recordings from the Midi LOGGER GL 200A yield time-resolved temperature curves at various points within the dryer. This enables analysis of:
· The thermal capacity and inertia of the dryer.
· Drying efficiency, particularly the temperature difference between drying air and ambient air.
· The impact of weather conditions (e.g., cloud cover, solar irradiance) on dryer performance.
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Figure 8: Descriptive diagram of the measurements
3. Results and Discussion
3.1 Thermo-Physical Properties of Adobe Bricks
The following table presents the thermal properties of three adobe brick samples (Test 1, Test 2, and Test 3) measured under similar temperature conditions (ranging between 29.06 °C and 29.46 °C) (Bailou et al. (2025)). A detailed and structured analysis of the results is given below:
Thermal Conductivity
· Test 1: 0.428 ± 0.029 W/m·K
· Test 2: 0.352 ± 0.037 W/m·K
· Test 3: 0.570 ± 0.025 W/m·K
Thermal conductivity varies significantly among the samples. Test 3 shows the highest value (0.570 W/m·K), indicating a greater ability to conduct heat. This may be attributed to differences in material density or composition. In contrast, Test 2 exhibits the lowest conductivity (0.352 W/m·K), making it more thermally insulating. The average thermal conductivity across the three samples is 0.45 ± 0.030 W/m·K.
Volumetric Heat Capacity (C)
· Test 1: 1.885 ± 0.020 MJ/m³·K
· Test 2: 1.626 ± 0.030 MJ/m³·K
· Test 3: 2.270 ± 0.028 MJ/m³·K
Test 3 exhibited the highest volumetric heat capacity (2.270 MJ/m³·K), reflecting a greater ability to store thermal energy. In contrast, Test 2 showed the lowest value (1.626 MJ/m³·K), suggesting a reduced heat storage capacity. Taking these variations into account, the average value was determined to be 1.927 ± 0.028 MJ/m³·K.
Specific Heat Capacity (Cp)
· Test 1: 1.0296 ± 0.011 kJ/kg·K
· Test 2: 1.0069 ± 0.028 kJ/kg·K
· Test 3: 1.4149 ± 0.016 kJ/kg·K
Test 3 also showed the highest specific heat capacity (1.4149 kJ/kg·K), which is consistent with its higher volumetric heat capacity. This indicates that the material can store more thermal energy per unit mass.
Thermal Effusivity (E)
· Test 1: 898.209 ± 8.20 J·s 1/2 m-2·K-1
· Test 2: 756.53 ± 7.57 J·s 1/2 m-2·K-1
· Test 3: 1137.4 ± 10.10 J·s 1/2 m-2·K-1
Test 3 exhibited the highest thermal effusivity (1137.4 J·s 1/2 m-2·K-1), indicating a better ability to exchange heat with its surroundings. Conversely, Test 2 had the lowest effusivity (756.53 J·s 1/2 m-2·K-1), which may be advantageous in applications requiring reduced thermal transfer. The average value was calculated to be 931.20 ± 8.71 J·s 1/2 m-2·K-1
Thermal Diffusivity (α)
· Test 1: 2.270 × 10⁻⁷ ± 0.015 m²/s
· Test 2: 2.160 × 10⁻⁷ ± 0.023 m²/s
· Test 3: 2.313 × 10⁻⁷ ± 0.023 m²/s
Thermal diffusivity was slightly higher in Test 3 (2.313 × 10⁻⁷ m²/s), indicating a faster heat transfer rate within the material. Test 2 exhibited the lowest diffusivity (2.160 × 10⁻⁷ m²/s), suggesting higher thermal inertia. The average value obtained was 2.248 × 10⁻⁷ ± 0.020 m²/s.
In summary, the observed differences between samples can be attributed to variations in material composition (such as air pockets due to manual compaction), as well as differences in brick density, porosity, and experimental conditions. The experimental results presented in Table 1 fall within the ranges reported in the literature for adobe bricks (Ngaram, 2020; Lertwattanaruk et al.; Morsy, 2022). The reported values for thermal conductivity and other thermal properties are consistent with the typical characteristics of materials used in sustainable construction.



Table 1: Results of measurements of thermophysical parameters of adobe brick samples using the KD2 Pro thermal properties analyzer (Bailou et al. (2025)).
	Adobe brick smples
	Temperatures
(oC)
	Thermal conductivity 

(W.m-3.K-1)
	Volumetrie heat
capacity
C(MJ.m-3.K-1)
	Specific Heat Cp(Kj.kg-1K-1)
	Thermal effusivity 
E(J.s-1/2.m-2.K-1)
	Thermal diffusivity 

(10-7.m2.s-1)

	
	
	

	Average
	C
	Average
	Cp
	Average
	E
	Average
	

	Average

	Test 1
	29,46
	0,428 ± 0,029
	0,45
±
0,030
	1,885±
0,020
	1,927
±
0,028
	1,0296
±
0,011
	1,1485
±
0,015
	898,2093±8,20
	931,2089 
±
8,71
	2,270±
0,015
	2,313±
0,023

	Test 2
	29,34
	0,352 ± 0,037
	
	1,626±
0,034
	
	1,0069
±
0,018
	
	756,5395 ± 7,57
	
	2,160±
0,030
	

	Test 3
	29,06
	0,570 ± 0,025
	
	2,270±
0,028
	
	1,4149
±
0,016
	
	1137,497
±
10,37
	
	2,251±
0,025
	


Table 2: Results of experimental measurements on adobe brick samples (Bailou et al. (2025)).
	Adobe brick samples
	Dimensions
	Mass
M (kg)
	Density
 (kg.m3)

	
	Length L (m)
	Width l (m)
	Thickness e (m)
	
	

	Test 1
	0,376
	0,188
	0,085
	11
	1830,745

	Test 2
	0,377
	0,191
	0,095
	11,05
	1615,34

	Test 3
	0,373
	0,188
	0,096
	10,8
	1604,301

	Average
	0,375
	0,189
	0,092
	10,95
	1677,828



3.2. Temporal evolution of Global Solar Radiation and Ambient Temperature
The figure 9 shows the simultaneous variation of global solar radiation (in W/m²) and ambient temperature (in °C) over four consecutive days starting from January 21, 2019, at the experimental site.
The daily profile of global solar radiation follows a typical bell-shaped curve. Each day begins with zero irradiation before 7 a.m., followed by a rapid increase until reaching a peak between 11 a.m. and 1 p.m. This maximum, reaching approximately 900 W/m², indicates strong and consistent direct sunlight. After this peak, radiation gradually decreases to return to near-zero values around 6 p.m., marking sunset. This consistent pattern over the four days highlights stable weather conditions, likely characterized by clear skies and minimal cloud cover.
Ambient temperature follows a similar trend, with a temporal lag due to the thermal inertia of air and surrounding materials. Minimum temperatures are recorded in the early morning, around 17 to 20 °C, and gradually increase under solar heating. Maximum temperatures, ranging from 35 to 38 °C, are reached between 1 p.m. and 3 p.m. This is followed by a gradual decline, returning to early morning levels during the night.
The joint analysis of both variables reveals a strong correlation between solar radiation and air temperature. The absence of major day-to-day fluctuations suggests stable climatic conditions, typical of a Sahelian dry season, with consistent solar irradiance favorable for solar drying processes.
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Figure 9:  Temporal evolution of Global Solar Radiation and Ambient Temperature
3.3 Temporal Evolution of Ambient Temperature and Relative Humidity
The temporal evolution of the measurements reveals a pronounced diurnal variation in both ambient temperature and relative humidity (figure 10). The temperature exhibits a profile typical of regions under strong solar influence, with minima recorded during the late night (16–18 °C between 05:00 and 07:00), followed by a rapid increase after sunrise, reaching peak values between 30 °C and 35 °C, generally observed between 12:00 and 15:00, and then gradually decreasing in the late afternoon to reach 22–25 °C in the evening.
Relative humidity, on the other hand, follows an inverse trend, with maximum values occurring at night and in the early morning (20–28 %), reflecting more humid air under cooler conditions, and minimum values during midday (5–9 %) when temperature is highest. This inverse relationship reflects a clear negative correlation between the two parameters: rising temperature reduces relative humidity, and vice versa. This phenomenon is explained by the hygrometric properties of air: with an almost constant absolute water vapor content throughout the day, warmer air can hold more water vapor before reaching saturation, which results in a relative decrease in humidity as temperature increases.

Figure 10: Temporal Evolution of Ambient Temperature and Relative Humidity

3.4. Temporal evolution of wall and floor temperatures in the dryer
Figure 11 illustrates the temperature evolution of the interior surfaces of the dryer (North, South, East, and West walls, as well as the lower floor) along with the ambient temperature over four consecutive days, starting from January 21, 2019.
A clear correlation is observed between temperature variations and the daily solar radiation pattern. Temperatures on all surfaces increase progressively in the morning, reaching their peaks between 1 p.m. and 2 p.m., followed by a gradual decrease in the late afternoon and nighttime hours. This cyclic pattern repeats consistently over the four days, reflecting stable and sunny climatic conditions.
Notable differences between wall surfaces are evident. Despite receiving strong external solar radiation, the South wall exhibits lower temperatures compared to other interior walls, possibly due to higher thermal dissipation or greater thermal inertia of its construction material. In contrast, the East and West walls reach higher peak temperatures, attributed to direct solar exposure in the morning (East wall) and afternoon (West wall).
The lower floor consistently shows the highest temperatures among all measured surfaces, exceeding 55 °C during peak hours, indicating a strong capacity for absorbing and storing heat. During nighttime, all surface temperatures decrease slowly, suggesting gradual heat release by the materials, contributing to the thermal regulation of the system.
These experimental observations confirm the key role of thermal inertia in maintaining internal temperature stability within the dryer. This helps reduce thermal fluctuations between day and night and enhances overall drying performance by sustaining favorable thermal conditions even during periods of low solar input.
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 Figure 11: Temporal evolution of wall and floor temperatures in the dryer

3.5. Temperature Profiles of Drying and Ambient Air During Four Days of Dryer Operation
Figure 12 presents the temperature profiles of the drying air measured at two distinct points along the horizontal plane: 10 cm and 90 cm from the air inlet (located on the South wall side), and at a height of 45 cm above the lower floor, over a four-day period (from January 21 to January 25, 2019).
For both measurement points, the temperature peaks recorded at 90 cm from the inlet are consistently higher than those at 10 cm, regardless of the day. This can be explained by the fact that the air is always less heated at the inlet than at the outlet of the dryer. As air moves through the system, it gains thermal energy, resulting in higher temperatures farther from the entrance.
At any given time during the day, the internal air temperature within the drying unit is always higher than the ambient air temperature, with a temperature difference of approximately 6 °C even during periods without sunshine. This temperature gap indicates that the dryer, due to its thermal inertia, retains heat and thus prevents rapid cooling of the interior. As a result, drying continues effectively even in the absence of direct solar radiation.

Figure 12: Evolution of drying air and ambient temperatures on a horizontal plane 
3.6. Temperature Profiles of Drying Air, Lower Floor, and Ambient Air Over Four Days of Dryer Operation
Figure 13 shows the temperature evolution of the drying air measured at two specific points within the dryer: at the level of the lower floor and 90 cm above it, over a four-day period (from January 21 to January 25, 2019). Throughout the experimental period, the temperatures recorded at the lower floor are consistently higher than those measured at 90 cm height. This difference is due to the fact that the lower floor directly receives solar radiation, while the drying air is mainly heated by convection as it comes into contact with the dryer walls.
All the curves follow a similar trend, displaying clearly defined temperature peaks. At all times, the temperature inside the dryer remains higher than the ambient air temperature, with a difference of approximately 6 °C during periods without sunlight. This observation confirms the trends previously noted in Figure 13 and highlights the thermal inertia of the dryer, which stores heat during the day and slows down cooling at night.
The maximum temperature of the lower floor reaches 56 °C, underscoring its crucial role in heat accumulation. However, a temperature drop is observed on the second day, which can be attributed to the passage of a cloud cover that temporarily reduced the intensity of solar radiation.

Figure 13: Temperature Profiles of Drying Air, Lower Floor, and Ambient Air Over Four Days of Dryer Operation 
4. Conclusion
The study conducted on the thermal properties of adobe bricks and their application in the design of solar dryers highlights several key findings. Experimental results reveal significant variability in thermal properties among the brick samples. Thermal conductivity ranges from 0.352 to 0.570 W/m·K, reflecting differences in the density or composition of the bricks. These values fall within the ranges reported in the literature, indicating that these materials are suitable for applications requiring moderate thermal insulation.
The volumetric and specific heat capacities demonstrate that the bricks can store a considerable amount of thermal energy, particularly the sample with the highest values. Thermal effusivity and diffusivity confirm that these materials have a moderate ability to interact with external heat fluxes while maintaining a beneficial level of thermal inertia.
The results obtained are consistent with those reported in other studies (Ngaram, 2020; Lertwattanaruk et al., 2022). The adobe bricks studied exhibit characteristics typical of materials used in sustainable construction, particularly due to their ability to regulate temperature and provide thermal comfort.
Bricks with low thermal conductivity are ideal for applications requiring enhanced thermal insulation, such as walls of solar dryers or dwellings in hot climates. The use of adobe walls in the solar dryer prototype contributed to maintaining a stable internal temperature despite fluctuations in solar radiation. This stability is crucial to ensure uniform drying and to preserve the quality of agricultural products.
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Ambient temperature	7h	8h	9h	10h	11h	12h	13h	14h	15h	17h	18h	20h	21h	24h	2h	4h	5h	6h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	1h	2h	3h	4h	5h	6h	7h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	23h	24h	1h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	24h	1h	17.600000000000001	18.8	22.6	25.6	28.3	31.7	34.4	34.4	33.200000000000003	31.2	28.3	23.5	23.2	22.5	22.1	21.2	20.8	20.3	21.7	24.1	26.4	28.9	28.9	30.3	30.6	31.3	30.7	29.5	27	25	23.3	23.4	21.9	21.2	21.6	21	20.8	19.600000000000001	18.600000000000001	18.3	17.7	22.4	24.9	28.3	29.6	31.5	32.1	31.9	31.7	30.4	27.4	24.8	22.8	22.1	22.1	21.7	21.1	18.899999999999999	18.600000000000001	17.600000000000001	17.3	20.2	24	26.7	30.3	32.200000000000003	34.6	34.5	34.299999999999997	33.6	32	28.5	25.5	23.8	22.6	21.3	20.7	19.2	Relative humidity	7h	8h	9h	10h	11h	12h	13h	14h	15h	17h	18h	20h	21h	24h	2h	4h	5h	6h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	1h	2h	3h	4h	5h	6h	7h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	23h	24h	1h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	24h	1h	21.870964000000001	20.328440000000001	11.1	10.444331999999999	9.3443330000000007	7.8719000000000001	7.0726300000000002	6.0721660000000002	5.7281000000000004	5.8664860000000001	8.6264880000000002	9.4261400000000002	11.400001	12.123868	11.723967999999999	11.900001	16.300001000000002	19.374699	20	10.751041000000001	9.5682480000000005	9.3578919999999997	7.4760270000000002	6.8746980000000004	6.9612809999999996	6.8779969999999997	6.9	7.1	8.9210550000000008	10.1	10.479297000000001	11.355994000000001	12.1	11.920036	11.5	11.717969	13.561282	14.437449000000001	15.368061000000001	19.758683999999999	21.88203	23.379847999999999	13.136846	11.984031	9.2842970000000005	9.1	8.2179690000000001	8.5571769999999994	9.2165300000000006	9.3000000000000007	12.7	13.016529999999999	13.286505999999999	13.481881	13.2	14.059517	14.2	17.899999999999999	18.184961000000001	19.100000000000001	16.899999999999999	12.312580000000001	10.310885000000001	8.3247400000000003	7.7	7.4703119999999998	7.3699219999999999	7.1217689999999996	7.4108850000000004	7.7876300000000001	8.3123699999999996	9.086506	10.400001	10.1	10.900001	12.285731	15.489115999999999	16.007757000000002	Time (h)

Temperature (o C)

Relative humidity (%) 



Drying air temperature at 10 cm	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	22	26.6	28.8	39	44	45.5	46.5	47.7	44.3	41	37.200000000000003	34.700000000000003	33	31.9	31.2	30.8	30.2	29.6	28.9	28.2	27.5	26.8	26.4	25.5	25.7	26.8	29.6	35	41.4	41.6	41.5	42.2	40.6	38.6	35.299999999999997	32.200000000000003	30.8	29.9	29.2	28.3	27.6	27	26.8	26.1	25.7	25	24.1	23.7	23.4	25.7	28.3	36.1	41.7	43.7	43.7	44.5	42.3	40.799999999999997	37.200000000000003	33.9	32	30.9	30.1	29.1	28.6	27.9	27.2	26.5	25.7	25.2	24.5	24	23.7	26.7	30.1	38.299999999999997	44	45.1	46.2	47.4	44.9	42.1	38.700000000000003	35	33.299999999999997	32.200000000000003	31.3	30.2	29.4	28.7	27.8	26.9	26.3	25.3	24.8	24.3	 Ambiante temperature	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	17.600000000000001	18.8	22.6	25.6	28.3	31.7	34.4	34.4	33.200000000000003	32.799999999999997	31.2	28.3	25.2	23.5	23.2	23.1	23	22.5	22.2	22.1	22.3	21.2	20.8	20.3	20.399999999999999	21.7	24.1	26.4	28.9	28.9	30.3	30.6	31.3	30.7	29.5	27	25	23.3	23.4	21.9	21.2	20.8	21.6	21	20.8	19.600000000000001	18.600000000000001	18.3	17.7	19.2	22.4	24.9	28.3	29.6	31.5	32.1	31.9	31.7	30.4	27.4	24.8	22.8	22.1	21	22.1	21.7	21.1	20.399999999999999	19.600000000000001	18.899999999999999	18.600000000000001	17.600000000000001	17.3	20.2	24	26.7	30.3	32.200000000000003	34.6	34.5	34.299999999999997	33.6	32	28.5	25.5	23.8	22.6	21.3	20.8	20.7	19.2	18.600000000000001	17.899999999999999	17.399999999999999	16.7	16.2	Drying air temperature at 90 cm	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	21.7	25.9	27.3	32.700000000000003	45.3	49.8	49.6	51.1	49.5	43.2	37.9	35	33.200000000000003	32.200000000000003	31.5	30.7	30.3	29.7	29	28.3	27.7	26.9	26.3	25.7	25.9	26.1	28.6	31.7	42.2	42.9	42.8	43.3	43.7	41.7	35.5	32.299999999999997	31.1	30.1	29.4	28.3	27.8	27.3	26.8	26.4	25.8	25	24.3	23.7	23.4	25.1	26.7	31.4	42.1	47.6	47	46.3	46.9	44	37.5	34.299999999999997	32.4	31.2	30.3	29.4	28.8	28.1	27.4	26.7	26	25.3	24.9	24.1	23.9	25.8	27.2	32.5	44.3	48.8	49.3	48.9	49.8	45.6	39	35.200000000000003	33.5	32.5	31.5	30.5	29.7	28.8	28.1	27.1	26.5	25.5	24.9	24.3	Time (h)

Temperature (o C)



Drying air temperature at 10 cm	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	22	26.6	28.8	39	44	45.5	46.5	47.7	44.3	41	37.200000000000003	34.700000000000003	33	31.9	31.2	30.8	30.2	29.6	28.9	28.2	27.5	26.8	26.4	25.5	25.7	26.8	29.6	35	41.4	41.6	41.5	42.2	40.6	38.6	35.299999999999997	32.200000000000003	30.8	29.9	29.2	28.3	27.6	27	26.8	26.1	25.7	25	24.1	23.7	23.4	25.7	28.3	36.1	41.7	43.7	43.7	44.5	42.3	40.799999999999997	37.200000000000003	33.9	32	30.9	30.1	29.1	28.6	27.9	27.2	26.5	25.7	25.2	24.5	24	23.7	26.7	30.1	38.299999999999997	44	45.1	46.2	47.4	44.9	42.1	38.700000000000003	35	33.299999999999997	32.200000000000003	31.3	30.2	29.4	28.7	27.8	26.9	26.3	25.3	24.8	24.3	 Ambiante temperature	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	17.600000000000001	18.8	22.6	25.6	28.3	31.7	34.4	34.4	33.200000000000003	32.799999999999997	31.2	28.3	25.2	23.5	23.2	23.1	23	22.5	22.2	22.1	22.3	21.2	20.8	20.3	20.399999999999999	21.7	24.1	26.4	28.9	28.9	30.3	30.6	31.3	30.7	29.5	27	25	23.3	23.4	21.9	21.2	20.8	21.6	21	20.8	19.600000000000001	18.600000000000001	18.3	17.7	19.2	22.4	24.9	28.3	29.6	31.5	32.1	31.9	31.7	30.4	27.4	24.8	22.8	22.1	21	22.1	21.7	21.1	20.399999999999999	19.600000000000001	18.899999999999999	18.600000000000001	17.600000000000001	17.3	20.2	24	26.7	30.3	32.200000000000003	34.6	34.5	34.299999999999997	33.6	32	28.5	25.5	23.8	22.6	21.3	20.8	20.7	19.2	18.600000000000001	17.899999999999999	17.399999999999999	16.7	16.2	Lower floor temperature	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	7h	8h	9h	10h	11h	12h	13h	14h	15h	16h	17h	18h	19h	20h	21h	22h	23h	24h	1h	2h	3h	4h	5h	6h	23.6	26.5	27.4	30.6	43.8	50.7	52.4	56.3	52.6	42.4	39	36.299999999999997	34.6	33.4	32.5	31.7	31.2	30.7	30.1	29.3	28.8	28.3	27.8	27.3	27.3	27.7	29.4	32.200000000000003	42	43.1	43.4	45.2	44.9	39.1	35.9	33.6	32.200000000000003	31.3	30.6	29.6	29.1	28.5	28.3	27.8	27.3	26.6	26	25.6	25.2	26.5	27.6	30.5	42.4	49.4	50.2	51.4	51	42.3	38.4	35.700000000000003	34	32.700000000000003	31.7	31	30.3	29.5	28.9	28.3	27.9	27.3	26.8	26.2	25.9	27.4	28.1	31.5	44.9	51.4	54.6	57.5	53.8	43.5	40	37	35.1	34	32.9	32	31.3	30.4	29.8	29	28.5	27.7	27.1	26.5	Time (h)

Temperature (oC)
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