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Abstract. A solar-convective drying unit based on natural draft and combined heat transfer has been
developed. For the first time, the use of interchangeable covers (polyethylene and tin) to regulate thermal
regimes depending on the raw material type is experimentally substantiated. This study demonstrates highly
efficient, electricity-free drying that effectively preserves bioactive substances. The research aimed to
evaluate the unit efficiency under minimal energy costs, analyze temperature regimes and drying kinetics,
and compare solar drying (SD) with natural drying (ND) regarding Vitamin C preservation. Experimental
results indicate that the polyethylene cover increased the chamber temperature by 20 to 35°C above ambient
levels, whereas the tin cover provided an increase of 8° to 15°C. The drying duration for St. John’s wort in
the unit (8 h) was 12.5 times shorter than ND in the shade. Cherry drying was 3 times faster, with Vitamin
C losses at 40% compared to 82% under ND. The developed unit ensures energy-saving drying within the
30-55°C range. Its application reduces energy costs by 85-100%, significantly shortens processing time,
and enhances final product quality. © 2026 Bull. Natl. Acad. Sci. Georg.
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Introduction ficantly enhance efficiency and minimize losses

(Deng et al., 2021; Sharma et al., 2012; Khakimova

Solar-air drying is weather-dependent, requiring
etal., 2023).

high temperatures and low humidity for effective
dehydration. Insufficient heat degrades organo-

Materials and Methods

leptic properties and nutrient retention, while the

process can last 4-15 days. During drying, raw
materials must be protected from dust, moisture,
and insects. Despite these limitations, the method
remains relevant for long-term storage and pre-
servation of nutritional value. In small-scale far-

ming, even basic solar-convective dryers can signi-

Based on global designs, a solar-convective drying
unit was developed and tested for fruits, vegetables,
mushrooms, and medicinal plants. The air heater
features a black-coated metal absorber, an air duct,
and a translucent cover made of glass or polymers

like polycarbonate and polyethylene. The system

© 2026 Bull. Natl. Acad. Sci. Georg.
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utilizes natural draft: heated air enters the lower
chamber, flows through the product, and exits via a
chimney. Insulated or dark-colored walls enhance
heat absorption, while direct solar exposure pro-
vides additional warming. This design overcomes
common drying limitations by utilizing the green-
house effect to maintain internal temperatures 25-
30°C above ambient levels (Mohana et al., 2020;
Fudholi et al., 2010; Mtchedlishvili et al., 2024,
Iremashvili et al., 2025; Arunraja et al., 2018).

The solar unit consists of two metal chambers
(Fig. 1) with metal-lined sides and bases. Air is
heated by solar radiation through the glass covers
and lateral surfaces. Chamber 1 features an exhaust
chimney (4) at the top and a fresh-air inlet (5) at the
bottom, with a vertical height difference of appro-
ximately 2.0 m between them.

This height gradient, combined with tempe-
rature and pressure differentials, drives natural
convection, while wind passing over the chimney
outlet further accelerates air circulation. The black-
painted housing maximizes thermal absorption.
Raw materials are placed on a mesh tray (3) within
chamber 1, which is then sealed with glass frames
or metal sheets depending on the specific drying

requirements.

Fig. 1. Solar-convective drying unit. 1 — drying chamber;
2 —solar air heater; 3 — product tray; 4 — exhaust chimney;
5 — air inlet.

Natural draft is established via the bottom air
inlet (5) and top chimney (4), facilitating effective
moisture removal. Increased wind speed creates a
pressure drop at the outlet, further displacing air
from the chamber. This synergy of convection and
solar heating ensures process efficiency with zero
electricity consumption. While external ventilation
or fans may be integrated if necessary, sensitive
products like medicinal plants require the contro-
lled thermal regimes provided by interchangeable
covers (Venkateswarlu and Kota Reddy, 2024;
Sharma et al., 2009). Experimental trials included
glass, polyethylene, and tin covers. This paper

focuses on findings for polyethylene and tin; the

Table 1. Experimental parameters for the solar-convective dryer equipped with a tin cover

Time of Relative Atmos. Wind speed | Ambient air Air tempera- Drying cham-
day(hours) humidity Pressure (km/h) temperature ture in direct | ber temperature

(%) (kPa) °C) sunlight (°C) (°C)

10 45 101.30 6 30.0 33.0 38.0

12 44 101.30 6 34.0 38.0 48.0

14 26 101.00 13 34.5 39.5 49.0

16 30 101.00 18 34.5 40.0 48.0

18 38 100.90 17 35.5 38.5 46.0

20 40 100.80 17 32.0 32.0 35.0

Table 2. Experimental parameters for the solar-convective dryer equipped with a polyethylene cover

Time of Relative Atmos. Wind speed | Ambient air | Air temperature | Drying chamber
day(h) humidity pressure (km/h) temperature in direct temperature
(%) (kPa) (°C) sunlight (°C) (°C)
10 51 102.1 6 19.5 22.0 40.5
12 42 102.0 9 21.0 24.5 46.5
14 42 101.9 9 225 26.0 54.0
16 37 101.5 9 225 24.5 51.5
18 40 101.8 12 21.5 21.5 31.0

Bull. Natl. Acad. Sci. Georg., 20(194), no. 2, 2026
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latter was specifically used for herbs to maintain

temperatures below 55°C and minimize direct solar

radiation (Arch-
vadze et al., 2018; Archvadze etal., 2017; Abutidze
et al., 2025).

Tables 1 and 2 present environmental para-
meters: air temperature (inside the dryer, in the sun,
and in the shade), atmospheric pressure, wind
speed, and relative humidity. Test results for the
unit with polyethylene and tin covers are shown in
Figs. 2 and 3.
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Fig. 2. Diurnal variation of air temperature: 1 — in the
shade; 2 — in the sun; 3 — inside the solar dryer.
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Fig. 3. Diurnal variation of air temperature: (1) in the
shade; (2) in the sun; (3) inside the solar dryer.

With the polyethylene cover, internal tempe-
ratures exceeded ambient levels by 20-35°C, acce-
lerating evaporation and shortening drying dura-
tion. The tin cover provided a moderate increase of
8-15°C, ensuring a gentle regime essential for
preserving bioactive compounds and preventing
medicinal plant overheating. This temperature
differential is governed by environmental factors-

humidity, ambient temperature, wind speed, and

Bull. Natl. Acad. Sci. Georg., vol. 20(194), no. 2, 2026

atmospheric pressure — all of which must be

considered when optimizing drying modes.

Experimental Setup

Raw material preparation involved: (1)sorting and
grading of the initial material; (2)calibration by size
and mass; (3)slicing or pitting, when required;
(4)dividing samples into two equal groups for
comparative natural and solar drying; (5)initial
weighing of the product; (6)loading onto drying
trays; (7)periodic weighing at set intervals (10:00-
20:00; 10:00-18:00 in autumn/spring); and (8)data
processing, including tabulation and graphical
analysis for result visualization.

Various agricultural products were dried in the
solar-convective drying unit. This paper presents
the drying results for the medicinal plant St. John's
wort in a solar dryer with a tin cover, used to
prevent overheating and mitigate direct solar
radiation. The findings are compared with the
results of drying the same raw material under
natural conditions in the shade.

Table 3. Comparative analysis of experimental results

Product name

St. John’s wort
SD ND
Initial mass mo (g) 720 710
Final mass mr (g) 212 213
Mass reduction Am (%) 70.5 70
Drying time t (h) 8 100

Experimental data indicate that the drying time
for St. John's wort in the unit was 8 hours,
compared to over 4 days (approx. 100 hours) for
natural shade drying. Thus, the solar dryer reduced
processing time by 12.5 times. Beyond efficiency,
the unit offers several quality-related advantages:

Preservation of active compounds: St. John's
wort contains thermosensitive components, such as
hypericin and flavonoids. Prolonged natural drying
may lead to their degradation via oxidation and

enzymatic activity. Rapid solar drying minimizes
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exposure to oxygen and light, reducing the loss of
herb's

pharmacological value; reduced risk of mold and

active substances and enhancing the
microbial contamination; Stability of color and
aroma (Dudek et al., 2022; Babaei Rad et al., 2025;
Gamkrelidze, 2022).

The drying of cherries was conducted in the
solar-convective drying unit equipped with a
polyethylene cover. The experimental results are

presented in Table 4.

Table 4. Comparative analysis of experimental results

Product name
Cherry
SD ND
Initial mass mo (g) 530 530
Final mass mr (g) 170 165
Mass reduction Am (%) 68 69
Drying time t (h) 58 178

Experimental data indicate that the drying dura-
tion in the solar dryer was three times shorter than
in open-air drying, confirming the technology's
high efficiency for succulent plant raw materials.
This time reduction offers several key advantages:

Quality and nutrient preservation: 1. Cherries
contain vitamins, anthocyanins, and antioxidants
that degrade under prolonged exposure to oxygen,
light, and heat. 2. Rapid drying minimizes oxidative
processes, nutrient loss, and undesirable changes in
color and flavor. 3.Laboratory analysis revealed
that Vitamin C losses were approximately 40% of
the initial level, compared to 82% with the
traditional method.

Reduced spoilage risk: Rapid drying virtually
eliminates the growth of microorganisms and mold,
enhancing product safety. In contrast, natural dry-
ing intensifies enzymatic activity (e.g., ascorbate
oxidase), while constant oxygen contact and direct
UV radiation accelerate ascorbic acid degradation
(Horuz et al.,2017; Yeni et al., 2025; Malwad and
Sonawane, 2024; Sharma et al., 2009).

The advantages of this design in terms of vita-
min preservation are determined by a combination

of interrelated factors. The placement of berries

Bull. Natl. Acad. Sci. Georg., 20(194), no. 2, 2026

within an enclosed chamber provides protection
from ultraviolet radiation, thereby preventing the
photodegradation of vitamin C. At the same time,
the exhaust pipe configuration creates so-called
chimney effect, generating natural draft and
maintaining continuous flow of warm air, which
accelerates moisture removal. Due to the prelimi-
nary heating of air in the collector, the temperature
inside the drying chamber exceeds the ambient
temperature, allowing the drying process to be
intensified by approximately three times and thus
reducing the duration of the product’s exposure to
oxygen. An important additional factor is the main-
tenance of an optimal temperature range of 45-
55°C, at which vitamin C losses are minimized and
the biological value of the raw material is preser-
ved. (Gvinianidze et al., 2025; Abutidze et al.,
2025)

Results and Discussion

The operation of a solar convective drying unit with
polyethylene and metal (tin) coverings has been
studied. With the polyethylene covering, the tempe-
rature inside the chamber exceeded the ambient
temperature by 20-35°C, ensuring intensive mois-
ture evaporation and reducing the drying time. With
the metal covering, the temperature increase
amounted to 8-15°C, allowing for a gentle mode
that does not exceed 55°C. Experimental drying of
St. John's wort with the tin cover lasted 8 hours,
compared to 100 hours for natural shade drying (a
12.5-fold reduction). Cherry drying with the
polyethylene cover was approximately 3 times
faster than open-air drying methods. Stable natural
convection was maintained in all modes without the
use of electricity. Vitamin C losses in the unit were
nearly half of those observed in traditional drying.
The results confirm that solar-convective drying is
significantly more effective than natural methods.
The synergy of radiant heating and organized
natural convection intensifies heat and mass

transfer, accelerating moisture removal.


https://pubmed.ncbi.nlm.nih.gov/?term=Babaei+Rad+S&cauthor_id=39891043
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Polyethylene covers are recommended for high-
moisture fruits and vegetables requiring higher
thermal levels.

Tin covers are ideal for medicinal plants as they
direct UV

overheating.

mitigate exposure and prevent

Reducing the drying duration suppresses oxi-
dative and enzymatic processes, ensuring superior
preservation of bioactive compounds, vitamins,
color, and aroma while minimizing the risk of
microbial spoilage (Revishvili et al., 2023; Gam-

krelidze, 2022).

Conclusion

The developed solar-convective drying unit serves

as an efficient, environmentally safe, and energy-

beytlbsools dgpz6096985

saving solution for processing plant raw materials.
The application of this solar dryer enables: (1) a
significant reduction in process duration by 3 to
12.5 times; (2)maintenance of the optimal tempe-
rature range of 30-55°C; (3)enhanced product
quality through the preservation of bioactive
substances (e.g., Vitamin C losses in cherries were
reduced to 40%, compared with 82% during
natural drying); (4)Substantial energy savings of
85-100% and the complete elimination of CO»
emissions.

The simplicity of the design, combined with
low operational costs and adjustable operating
modes, makes this unit a highly promising
solution for farms and small-scale processing

enterprises.
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	This height gradient, combined with tempe-rature and pressure differentials, drives natural convection, while wind passing over the chimney outlet further accelerates air circulation. The black-painted housing maximizes thermal absorption. Raw materials are placed on a mesh tray (3) within chamber 1, which is then sealed with glass frames or metal sheets depending on the specific drying requirements.
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	Natural draft is established via the bottom air inlet (5) and top chimney (4), facilitating effective moisture removal. Increased wind speed creates a pressure drop at the outlet, further displacing air from the chamber. This synergy of convection and solar heating ensures process efficiency with zero electricity consumption. While external ventilation or fans may be integrated if necessary, sensitive products like medicinal plants require the contro-lled thermal regimes provided by interchangeable covers (Venkateswarlu and Kota Reddy, 2024; Sharma et al., 2009). Experimental trials included glass, polyethylene, and tin covers. This paper focuses on findings for polyethylene and tin; the latter was specifically used for herbs to maintain temperatures below 55°C and minimize direct solar radiation (Arch-vadze et al., 2018; Archvadze et al., 2017; Abutidze et al., 2025).
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	Raw material preparation involved: (1)sorting and grading of the initial material; (2)calibration by size and mass; (3)slicing or pitting, when required; (4)dividing samples into two equal groups for comparative natural and solar drying; (5)initial weighing of the product; (6)loading onto drying trays; (7)periodic weighing at set intervals (10:00-20:00; 10:00-18:00 in autumn/spring); and (8)data processing, including tabulation and graphical analysis for result visualization.
	Various agricultural products were dried in the solar-convective drying unit. This paper presents the drying results for the medicinal plant St. John's wort in a solar dryer with a tin cover, used to prevent overheating and mitigate direct solar radiation. The findings are compared with the results of drying the same raw material under natural conditions in the shade.
	Table 3. Comparative analysis of experimental results
	Product name
	St. John’s wort
	SD
	ND
	Initial mass   m0​ (g)
	720
	710
	Final mass   mf​ (g)
	212
	213
	Mass reduction Δm (%)
	70.5
	70
	Drying time  t (h)
	8
	100
	Experimental data indicate that the drying time for St. John's wort in the unit was 8 hours, compared to over 4 days (approx. 100 hours) for natural shade drying. Thus, the solar dryer reduced processing time by 12.5 times. Beyond efficiency, the unit offers several quality-related advantages:
	Preservation of active compounds: St. John's wort contains thermosensitive components, such as hypericin and flavonoids. Prolonged natural drying may lead to their degradation via oxidation and enzymatic activity. Rapid solar drying minimizes exposure to oxygen and light, reducing the loss of active substances and enhancing the herb's pharmacological value; reduced risk of mold and microbial contamination; Stability of color and aroma (Dudek et al., 2022;  Babaei Rad et al., 2025; Gamkrelidze, 2022).
	The drying of cherries was conducted in the solar-convective drying unit equipped with a polyethylene cover. The experimental results are presented in Table 4.
	Table 4. Comparative analysis of experimental results
	Product name
	Cherry
	SD
	ND
	Initial mass   m0​ (g)
	530
	530
	Final mass   mf​ (g)
	170
	165
	Mass reduction Δm (%)
	68
	69
	Drying time  t (h)
	58
	178
	Experimental data indicate that the drying dura-tion in the solar dryer was three times shorter than in open-air drying, confirming the technology's high efficiency for succulent plant raw materials. This time reduction offers several key advantages:
	Quality and nutrient preservation: 1. Cherries contain vitamins, anthocyanins, and antioxidants that degrade under prolonged exposure to oxygen, light, and heat. 2. Rapid drying minimizes oxidative processes, nutrient loss, and undesirable changes in color and flavor. 3.Laboratory analysis revealed that Vitamin C losses were approximately 40% of the initial level, compared to 82% with the traditional method.
	Reduced spoilage risk: Rapid drying virtually eliminates the growth of microorganisms and mold, enhancing product safety. In contrast, natural dry-ing intensifies enzymatic activity (e.g., ascorbate oxidase), while constant oxygen contact and direct UV radiation accelerate ascorbic acid degradation (Horuz et al.,2017; Yeni et al., 2025; Malwad and Sonawane, 2024; Sharma et al., 2009).
	The advantages of this design in terms of vita-min preservation are determined by a combination of interrelated factors. The placement of berries within an enclosed chamber provides protection from ultraviolet radiation, thereby preventing the photodegradation of vitamin C. At the same time, the exhaust pipe configuration creates so-called chimney effect, generating natural draft and maintaining continuous flow of warm air, which accelerates moisture removal. Due to the prelimi-nary heating of air in the collector, the temperature inside the drying chamber exceeds the ambient temperature, allowing the drying process to be intensified by approximately three times and thus reducing the duration of the product’s exposure to oxygen. An important additional factor is the main-tenance of an optimal temperature range of 45-55°C, at which vitamin C losses are minimized and the biological value of the raw material is preser-ved. (Gvinianidze et al., 2025; Abutidze et al., 2025)
	Results and Discussion
	The operation of a solar convective drying unit with polyethylene and metal (tin) coverings has been studied. With the polyethylene covering, the tempe-rature inside the chamber exceeded the ambient temperature by 20-35°C, ensuring intensive mois-ture evaporation and reducing the drying time. With the metal covering, the temperature increase amounted to 8-15°C, allowing for a gentle mode that does not exceed 55°C. Experimental drying of St. John's wort with the tin cover lasted 8 hours, compared to 100 hours for natural shade drying (a 12.5-fold reduction). Cherry drying with the polyethylene cover was approximately 3 times faster than open-air drying methods. Stable natural convection was maintained in all modes without the use of electricity. Vitamin C losses in the unit were nearly half of those observed in traditional drying. The results confirm that solar-convective drying is significantly more effective than natural methods. The synergy of radiant heating and organized natural convection intensifies heat and mass transfer, accelerating moisture removal.
	Polyethylene covers are recommended for high-moisture fruits and vegetables requiring higher thermal levels.
	Tin covers are ideal for medicinal plants as they mitigate direct UV exposure and prevent overheating.
	Reducing the drying duration suppresses oxi-dative and enzymatic processes, ensuring superior preservation of bioactive compounds, vitamins, color, and aroma while minimizing the risk of microbial spoilage (Revishvili et al., 2023; Gam-krelidze, 2022).
	Conclusion
	The developed solar-convective drying unit serves as an efficient, environmentally safe, and energy-saving solution for processing plant raw materials. The application of this solar dryer enables: (1) a significant reduction in process duration by 3 to 12.5 times; (2)maintenance of the optimal tempe-rature range of 30-55°C; (3)enhanced product quality through the preservation of bioactive substances (e.g., Vitamin C losses in cherries were reduced to 40%, compared with 82% during natural drying); (4)Substantial energy savings of 85-100% and the complete elimination of CO2​ emissions.
	The simplicity of the design, combined with low operational costs and adjustable operating modes, makes this unit a highly promising solution for farms and small-scale processing enterprises.
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[bookmark: OLE_LINK1]Abstract. A solar-convective drying unit based on natural draft and combined heat transfer has been developed. For the first time, the use of interchangeable covers (polyethylene and tin) to regulate thermal regimes depending on the raw material type is experimentally substantiated. This study demonstrates highly efficient, electricity-free drying that effectively preserves bioactive substances. The research aimed to evaluate the unit efficiency under minimal energy costs, analyze temperature regimes and drying kinetics, and compare solar drying (SD) with natural drying (ND) regarding Vitamin C preservation. Experimental results indicate that the polyethylene cover increased the chamber temperature by 20 to 35°C above ambient levels, whereas the tin cover provided an increase of 8° to 15°C. The drying duration for St. John’s wort in the unit (8 h) was 12.5 times shorter than ND in the shade. Cherry drying was 3 times faster, with Vitamin C losses at 40% compared to 82% under ND. The developed unit ensures energy-saving drying within the 30-55°C range. Its application reduces energy costs by 85-100%, significantly shortens processing time, and enhances final product quality. © 2026 Bull. Natl. Acad. Sci. Georg.
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Introduction

Solar-air drying is weather-dependent, requiring high temperatures and low humidity for effective dehydration. Insufficient heat degrades organo-
leptic properties and nutrient retention, while the process can last 4-15 days. During drying, raw materials must be protected from dust, moisture, and insects. Despite these limitations, the method remains relevant for long-term storage and pre-
servation of nutritional value. In small-scale far-
ming, even basic solar-convective dryers can signi-
ficantly enhance efficiency and minimize losses (Deng et al., 2021; Sharma et al., 2012; Khakimova et al., 2023).



Materials and Methods

Based on global designs, a solar-convective drying unit was developed and tested for fruits, vegetables, mushrooms, and medicinal plants. The air heater features a black-coated metal absorber, an air duct, and a translucent cover made of glass or polymers like polycarbonate and polyethylene. The system utilizes natural draft: heated air enters the lower chamber, flows through the product, and exits via a chimney. Insulated or dark-colored walls enhance heat absorption, while direct solar exposure pro-
vides additional warming. This design overcomes common drying limitations by utilizing the green-
house effect to maintain internal temperatures 25-30°C above ambient levels (Mohana et al., 2020; Fudholi et al., 2010; Mtchedlishvili et al., 2024; Iremashvili et al., 2025; Arunraja et al., 2018).

The solar unit consists of two metal chambers (Fig. 1) with metal-lined sides and bases. Air is heated by solar radiation through the glass covers and lateral surfaces. Chamber 1 features an exhaust chimney (4) at the top and a fresh-air inlet (5) at the bottom, with a vertical height difference of appro-
ximately 2.0 m between them.

This height gradient, combined with tempe-
rature and pressure differentials, drives natural convection, while wind passing over the chimney outlet further accelerates air circulation. The black-painted housing maximizes thermal absorption. Raw materials are placed on a mesh tray (3) within chamber 1, which is then sealed with glass frames or metal sheets depending on the specific drying requirements.Table 1. Experimental parameters for the solar-convective dryer equipped with a tin cover

Time of day(hours)

Relative humidity (%)

Atmos. Pressure (kPa)

Wind speed (km/h)

Ambient air temperature (°C)

Air tempera-
ture in direct sunlight (°C)

Drying cham-ber temperature (°C)

10

45

101.30

6

30.0

33.0

38.0

12

44

101.30

6

34.0

38.0

48.0

14

26

101.00

13

34.5

39.5

49.0

16

30

101.00

18

34.5

40.0

48.0

18

38

100.90

17

35.5

38.5

46.0

20

40

100.80

17

32.0

32.0

35.0



Table 2. Experimental parameters for the solar-convective dryer equipped with a polyethylene cover

Time of day(h)

Relative humidity (%)

Atmos. pressure (kPa)

Wind speed (km/h)

Ambient air temperature (°C)

Air temperature in direct sunlight (°C)

Drying chamber temperature (°C)

10

51

102.1

6

19.5

22.0

40.5

12

42

102.0

9

21.0

24.5

46.5

14

42

101.9

9

22.5

26.0

54.0

16

37

101.5

9

22.5

24.5

51.5

18

40

101.8

12

21.5

21.5

31.0
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Fig. 1. Solar-convective drying unit. 1 ‒ drying chamber; 2 ‒ solar air heater; 3 ‒ product tray; 4 ‒ exhaust chimney; 5 ‒ air inlet.



Natural draft is established via the bottom air inlet (5) and top chimney (4), facilitating effective moisture removal. Increased wind speed creates a pressure drop at the outlet, further displacing air from the chamber. This synergy of convection and solar heating ensures process efficiency with zero electricity consumption. While external ventilation or fans may be integrated if necessary, sensitive products like medicinal plants require the contro-
lled thermal regimes provided by interchangeable covers (Venkateswarlu and Kota Reddy, 2024; Sharma et al., 2009). Experimental trials included glass, polyethylene, and tin covers. This paper focuses on findings for polyethylene and tin; the latter was specifically used for herbs to maintain temperatures below 55°C and minimize direct solar radiation (Arch-
vadze et al., 2018; Archvadze et al., 2017; Abutidze et al., 2025).

Tables 1 and 2 present environmental para-
meters: air temperature (inside the dryer, in the sun, and in the shade), atmospheric pressure, wind speed, and relative humidity. Test results for the unit with polyethylene and tin covers are shown in Figs. 2 and 3.



[image: ]

Fig. 2. Diurnal variation of air temperature: 1 ‒ in the shade; 2 ‒ in the sun; 3 ‒ inside the solar dryer.
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Fig. 3. Diurnal variation of air temperature: (1) in the shade; (2) in the sun; (3) inside the solar dryer.



With the polyethylene cover, internal tempe-
ratures exceeded ambient levels by 20-35°C, acce-
lerating evaporation and shortening drying dura-
tion. The tin cover provided a moderate increase of 8-15°C, ensuring a gentle regime essential for preserving bioactive compounds and preventing medicinal plant overheating. This temperature differential is governed by environmental factors-humidity, ambient temperature, wind speed, and atmospheric pressure ‒ all of which must be considered when optimizing drying modes.



Experimental Setup

Raw material preparation involved: (1)sorting and grading of the initial material; (2)calibration by size and mass; (3)slicing or pitting, when required; (4)dividing samples into two equal groups for comparative natural and solar drying; (5)initial weighing of the product; (6)loading onto drying trays; (7)periodic weighing at set intervals (10:00-20:00; 10:00-18:00 in autumn/spring); and (8)data processing, including tabulation and graphical analysis for result visualization.

Various agricultural products were dried in the solar-convective drying unit. This paper presents the drying results for the medicinal plant St. John's wort in a solar dryer with a tin cover, used to prevent overheating and mitigate direct solar radiation. The findings are compared with the results of drying the same raw material under natural conditions in the shade.



Table 3. Comparative analysis of experimental results

		Product name



		St. John’s wort



		

		SD

		ND



		Initial mass   m0​ (g)

		720

		710



		Final mass   mf​ (g)

		212

		213



		Mass reduction Δm (%)

		70.5

		70



		Drying time  t (h)

		8

		100







Experimental data indicate that the drying time for St. John's wort in the unit was 8 hours, compared to over 4 days (approx. 100 hours) for natural shade drying. Thus, the solar dryer reduced processing time by 12.5 times. Beyond efficiency, the unit offers several quality-related advantages:

Preservation of active compounds: St. John's wort contains thermosensitive components, such as hypericin and flavonoids. Prolonged natural drying may lead to their degradation via oxidation and enzymatic activity. Rapid solar drying minimizes exposure to oxygen and light, reducing the loss of active substances and enhancing the herb's pharmacological value; reduced risk of mold and microbial contamination; Stability of color and aroma (Dudek et al., 2022;  Babaei Rad et al., 2025; Gamkrelidze, 2022).

The drying of cherries was conducted in the solar-convective drying unit equipped with a polyethylene cover. The experimental results are presented in Table 4.



Table 4. Comparative analysis of experimental results

		Product name



		Cherry



		

		SD

		ND



		Initial mass   m0​ (g)

		530

		530



		Final mass   mf​ (g)

		170

		165



		Mass reduction Δm (%)

		68

		69



		Drying time  t (h)

		58

		178







Experimental data indicate that the drying dura-
tion in the solar dryer was three times shorter than in open-air drying, confirming the technology's high efficiency for succulent plant raw materials. This time reduction offers several key advantages:

Quality and nutrient preservation: 1. Cherries contain vitamins, anthocyanins, and antioxidants that degrade under prolonged exposure to oxygen, light, and heat. 2. Rapid drying minimizes oxidative processes, nutrient loss, and undesirable changes in color and flavor. 3.Laboratory analysis revealed that Vitamin C losses were approximately 40% of the initial level, compared to 82% with the traditional method.

Reduced spoilage risk: Rapid drying virtually eliminates the growth of microorganisms and mold, enhancing product safety. In contrast, natural dry-
ing intensifies enzymatic activity (e.g., ascorbate oxidase), while constant oxygen contact and direct UV radiation accelerate ascorbic acid degradation (Horuz et al.,2017; Yeni et al., 2025; Malwad and Sonawane, 2024; Sharma et al., 2009).

The advantages of this design in terms of vita-
min preservation are determined by a combination of interrelated factors. The placement of berries within an enclosed chamber provides protection from ultraviolet radiation, thereby preventing the photodegradation of vitamin C. At the same time, the exhaust pipe configuration creates so-called chimney effect, generating natural draft and maintaining continuous flow of warm air, which accelerates moisture removal. Due to the prelimi-
nary heating of air in the collector, the temperature inside the drying chamber exceeds the ambient temperature, allowing the drying process to be intensified by approximately three times and thus reducing the duration of the product’s exposure to oxygen. An important additional factor is the main-
tenance of an optimal temperature range of 45-55°C, at which vitamin C losses are minimized and the biological value of the raw material is preser-
ved. (Gvinianidze et al., 2025; Abutidze et al., 2025)



Results and Discussion

The operation of a solar convective drying unit with polyethylene and metal (tin) coverings has been studied. With the polyethylene covering, the tempe-
rature inside the chamber exceeded the ambient temperature by 20-35°C, ensuring intensive mois-
ture evaporation and reducing the drying time. With the metal covering, the temperature increase amounted to 8-15°C, allowing for a gentle mode that does not exceed 55°C. Experimental drying of St. John's wort with the tin cover lasted 8 hours, compared to 100 hours for natural shade drying (a 12.5-fold reduction). Cherry drying with the polyethylene cover was approximately 3 times faster than open-air drying methods. Stable natural convection was maintained in all modes without the use of electricity. Vitamin C losses in the unit were nearly half of those observed in traditional drying. The results confirm that solar-convective drying is significantly more effective than natural methods. The synergy of radiant heating and organized natural convection intensifies heat and mass transfer, accelerating moisture removal.

Polyethylene covers are recommended for high-moisture fruits and vegetables requiring higher thermal levels.

Tin covers are ideal for medicinal plants as they mitigate direct UV exposure and prevent overheating.

Reducing the drying duration suppresses oxi-
dative and enzymatic processes, ensuring superior preservation of bioactive compounds, vitamins, color, and aroma while minimizing the risk of microbial spoilage (Revishvili et al., 2023; Gam-
krelidze, 2022).



Conclusion

The developed solar-convective drying unit serves as an efficient, environmentally safe, and energy-saving solution for processing plant raw materials. The application of this solar dryer enables: (1) a significant reduction in process duration by 3 to 12.5 times; (2)maintenance of the optimal tempe-
rature range of 30-55°C; (3)enhanced product quality through the preservation of bioactive substances (e.g., Vitamin C losses in cherries were reduced to 40%, compared with 82% during natural drying); (4)Substantial energy savings of 85-100% and the complete elimination of CO2​ emissions.

The simplicity of the design, combined with low operational costs and adjustable operating modes, makes this unit a highly promising solution for farms and small-scale processing enterprises.
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სურსათის მეცნიერება

მცენარეული ნედლეულის გასაშრობად განკუთვნილი მზის კონვექციური საშრობი დანადგარის ექსპერიმენტული კვლევები

ქ. არჩვაძე*, ი. ჩაჩავა*, ი. ჩიტრეკაშვილი*, ნ. დოხტურიშვილი*, 
ე. გავაშელიძე*, ნ. ხოტენაშვილი*

* ივანე ჯავახიშვილის სახ. თბილისის სახელმწიფო უნივერსიტეტი, პ. მელიქიშვილის ფიზიკური და ორგანული ქიმიის ინსტიტუტი, საქართველო

(წარმოდგენილია აკადემიის წევრის რ. გახოკიძის მიერ)

შემუშავებულია მზის კონვექციური საშრობი დანადგარი, რომელიც ფუნქციონირებს ბუნებ-
რივი წევისა და კომბინირებული თბოგადაცემის საფუძველზე. ჩვენ მიერ არის ექსპერი-
მენტულად დასაბუთებული ცვლადი საფარების (პოლიეთილენის და თუნუქის) გამოყენება ტემპერატურული რეჟიმების რეგულირებისათვის, ნედლეულის ტიპიდან გამომდინარე. კვლევა აჩვენებს ეფექტურ, ელექტროენერგიის გარეშე შრობას ბიოლოგიურად აქტიური ნივ-
თიერებების შენარჩუნებით. კვლევის მიზანი იყო დანადგარის ეფექტურობის შეფასება მინი-
მალური ენერგოდანახარჯების პირობებში, ტემპერატურული რეჟიმებისა და შრობის კინე-
ტიკის ანალიზი, ასევე მზის შრობისა და ბუნებრივი შრობის შედარება C ვიტამინის შენარ-
ჩუნების კუთხით. დადგინდა, რომ პოლიეთილენის საფარმა საშრობ კამერაში ტემპერატურა გარემოსთან შედარებით 20-35°C-ით გაზარდა, ხოლო თუნუქის საფარმა ‒ 8-15°C-ით. კრაზანას შრობის დრო დანადგარში (8 სთ) 12,5-ჯერ ნაკლები აღმოჩნდა ჩრდილში ბუნებრივ შრობასთან შედარებით. ალუბლის შრობა 3-ჯერ დაჩქარდა, ამასთან C ვიტამინის დანაკარგი შეადგენდა 40%-ს, ბუნებრივი შრობისას დაფიქსირებულ 82%-თან შედარებით. შეიძლება დავასკვნათ, რომ დანადგარი უზრუნველყოფს ენერგოდამზოგავ შრობას 30-55°C ტემპერატურულ დიაპა-
ზონში. მისი გამოყენება 85-100%-ით ამცირებს ენერგოდანახარჯებს, მნიშვნელოვნად ამოკ-
ლებს გადამუშავების დროს და აუმჯობესებს საბოლოო პროდუქტის ხარისხს.

References

Abutidze, M., Omiadze, N., Tughushi, D., Gurielidze, M., Kachlishvili, N., Katsarava, R. (2025). Physico-chemical study of the pseudo-protein and bioactive plant substance melilot. Bull. Georg. Natl. Acad. Sci. 19(2), 95-99.

Archvadze, K.T., Megrelidze, T.I., Tabatadze, L.V., Chachava I.R. (2017). Results of testing of helio-drying apparatus with polycarbonate covering. Applied Chemistry and Chemical Engineering 4, 343-353.

Archvadze, K.T., Chachava, I.R., Gurgenishvili, M.B., Chitrekashvili, I., Liparteliani, R., Khotenashvili, N. (2018). Development and practical tests of a solar dryer with various coatings for drying agricultural products. World Sci. 4(82),18-23.

Arunraja, K. M., Gopalakrishnan, T., Hariharan, M., Kishore, P. (2018). Design and fabrication of solar air dryer. Int. J. Eng. Res. Technol. (IJERT). DOI: 10.17577/IJERTCONV6IS04084.

Babaei Rad, S., Mumivand, H., Mollaei, S., Khadivi, A. (2025). Effect of drying methods on phenolic compounds and antioxidant activity of Capparis spinosa L. fruits. BMC Plant Biology. 25, 133. DOI: 10.1186/s12870-025-06110-y.

Deng, Z., Xing, T., Li, M., Zhang, J. (2021). A literature research on the drying quality of agricultural products with using solar drying technologies. Sol. Energy 229, 69-83. DOI: 10.1016/j.solener.2021.07.041.

Dudek, K., Pietryja, M.J., Kurkiewicz, S., Kurkiewicz, M., Błońska-Fajfrowska, B., Wilczyński, S., Dzierżęga-Lęcznar, A. (2022). Influence of the drying method on the volatile component profile of Hypericum perforatum herb: A HS-SPME-GC/MS study. Processes 10(12), 2593. DOI: 10.3390/pr10122593.

Fudholi, A., Sopian, K., Ruslan, M.H., Alghoul, M.A., Sulaiman, M.Y. (2010). Review of solar dryers for agricultural and marine products. Renew. Sustain. Energy Rev. 14, 1-30. DOI: 10.1016/j.rser.2009.07.032.

Gamkrelidze N. (2022). Influence of vertical zoning on the chemical properties of wild growing plants in Georgia. Bull. Georg. Natl. Acad. Sci. 16(1), 56-60.

Gvinianidze, T., Karchava, M., Chikovani, P., Jinjolia, Sh. (2025). Study of the phenolic complex of secondary resources of colored grapes grown in Georgia. Bull. Georg. Natl. Acad. Sci. 19(3), 91-95.

Horuz, E., Bozkurt, H., Karataş, H., Maskan, M. (2017). Effects of hybrid (microwave-convectional) and convectional drying on drying kinetics, total phenolics, antioxidant capacity, vitamin C, color and rehydration capacity of sour cherries. Food Chem. 230, 295-305. DOI: 10.1016/j.foodchem.2017.03.046.

Iremashvili, D., Tabatadze, L., Ebralidze, K., Pirtskheliani, N., Botchorishvili, I., Shengelia, N. (2025). Hydrosilylation reactions of bioorganic products. Bull. Georg. Natl. Acad. Sci. 19(2), 51–55.

Khakimova, S., Kodirov, J., Mirzayev, Sh. (2023). Improvement of the indirect solar dryer with natural air convection. Muqobil energetika (Alternative Energy), 2(01), 14-21. https://ojs.qmii.uz/index.php/ae/article/view/444

Malwad, D.S., Sonawane, D.C. (2024). A review on recent advancements in indirect solar drying of agricultural products. J. Renew. Energy Environ. 11(1), 174-191. DOI: 10.30501/jree.2022.361949.1452.

Mohana, Y., Mohanapriya, R., Anukiruthika, T., Yoha, K.S., Moses J.A., Anandharamakrishnan, C. (2020). Solar dryers for food applications: Concepts, designs, and recent advances. Sol. Energy 208, 321-344. DOI: 10.1016/j.solener.2020.07.098.

Mtchedlishvili, M., Tabatadze, L., Gventsadze, D., Lezhava, T., Gventsadze, L., Iremashvili, D., Shonia, T. (2024). Technological aspects of biopolymers based on Yucca gloriosa fiber. Bull. Georg. Natl. Acad. Sci. 18(4), 138-144.

Revishvili, T., Dolidze, B., Andghuladze, Z., Gobronidze, E., Zhvania, L. (2023). New energy-saving technology of green tea. Bull. Georg. Natl. Acad. Sci. 17(4), 111-115.

Sharma, A., Chen, C.R., Lan, N.V. (2009). Solar-energy drying systems: A review. Renew. Sustain. Energy Rev. 13(6-7), 1185-1210. DOI: 10.1016/j.rser.2008.08.015.

Sharma, A., Chen, C.R., Lan, N.V. (2012). Solar drying of agricultural products: A review. Renew. Sustain. Energy Rev. 16(1), 37-43. DOI: 10.1016/j.rser.2011.07.134.

Venkateswarlu, K., Kota Reddy, S.V. (2024). Recent trends on energy-efficient solar dryers for food and agricultural products drying: a review. Waste Dispos. Sustain. Energy 6, 335-353. DOI: 10.1007/s42768-024-00193-3.

Yeni, E.M., Saputra, D., Priyanto, G., Yuliati, K. (2025). Performance evaluation of an inflated solar dryer integrated with phase change materials for enhanced drying of cherry coffee. Int. J. Des. Nat. Ecodyn. 20(1), 179-186. DOI: 10.18280/ijdne.200119.



Received February, 2026

image1.tiff







image2.tiff

Temperature®C

50

40

30

20

10

12

14 16 18 20
Time of day (hours)






image3.tiff

Temperature®C

50

40

30

20

10

J—
——2
—_—3

12

14 16
Time of day (hours)

18







<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



