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KEY FACTORS IN SELECTING DRYING PROCESS PARAMETERS AND THEIR 

IMPACT ON PRODUCT QUALITY AND ENERGY EFFICIENCY 

Maxmudov B.M. 

Namangan state technical university. 
Abstract. This article analyzes the selection and optimization of key technological parameters of the drying 

process for raw materials and products in light industry. Drying is considered as a coupled heat and mass transfer 

process, and the effects of temperature, air velocity, relative humidity, pressure, and drying time on product quality and 

energy consumption are investigated. The study demonstrates that improperly selected drying conditions can lead to 

deterioration of physical and mechanical properties of materials and increased energy usage. The constant-rate and 

falling-rate drying periods, energy-saving strategies in industrial dryers, heat recovery technologies, and modern 

drying methods are discussed. In addition, the potential of solar energy as a renewable source for drying applications 

and the prospects for using solar dryers under the climatic conditions of Uzbekistan are examined. The results provide 

scientific and practical recommendations for achieving high-quality and energy-efficient drying processes in light 

industry. 

Keywords: drying process, light industry, temperature, air velocity, relative humidity, energy efficiency, drying 

time, solar energy. 

 

QURITISH JARAYONLARI PARAMETRLARINI TANLASHDAGI ASOSIY OMILLAR 

VA ULARNING MAHSULOT SIFATI HAMDA ENERGIYA SAMARADORLIGIGA 

TA’SIRI 

Maxmudov B.M. 

Namangan davlat texnika universiteti.
 

Annotatsiya. Ushbu maqolada yengil sanoat xomashyolari va mahsulotlarini quritish jarayonining asosiy 

texnologik parametrlarini tanlash va optimallashtirish masalalari tahlil qilingan. Quritish jarayoni issiqlik va massa 

almashinuvi jarayoni sifatida ko‘rib chiqilib, harorat, havo tezligi, nisbiy namlik, bosim va quritish vaqti kabi 
omillarning mahsulot sifati hamda energiya sarfiga ta’siri yoritilgan. Tadqiqotlarda noto‘g‘ri tanlangan quritish rejimi 
mahsulotning mexanik, fizik va kimyoviy xossalarining yomonlashishiga, ortiqcha energiya sarfiga olib kelishi ko‘rsatib 
berilgan. Maqolada quritish jarayonining doimiy va kamayuvchi tezlik bosqichlari, sanoat quritkichlarida energiya 

tejash usullari, issiqlikni qayta tiklash texnologiyalari hamda zamonaviy quritish usullari tahlil qilingan. Shuningdek, 

qayta tiklanuvchi energiya manbai sifatida quyosh energiyasidan foydalanish imkoniyatlari va O‘zbekiston sharoitida 

quyosh quritkichlarini qo‘llash istiqbollari ko‘rib chiqilgan. Tadqiqot natijalari yengil sanoatda yuqori sifatli va 
energiya tejamkor quritish jarayonlarini tashkil etish uchun ilmiy-amaliy tavsiyalar beradi. 

Kalit so‘zlar: quritish jarayoni, yengil sanoat, harorat, havo tezligi, nisbiy namlik, energiya samaradorligi, 

quritish vaqti, quyosh quritkichi. 

 

ОСНОВНЫЕ ФАКТОРЫ ВЫБОРА ПАРАМЕТРОВ ПРОЦЕССОВ СУШКИ И ИХ 
ВЛИЯНИЕ НА КАЧЕСТВО ПРОДУКЦИИ И ЭНЕРГОЭФФЕКТИВНОСТЬ 

Махмудов Б.М. 
Наманганский государственный технический университет. 

 Аннотация. В данной статье рассмотрены вопросы выбора и оптимизации основных технологических 
параметров процесса сушки сырья и продукции легкой промышленности. Процесс сушки проанализирован как 
процесс тепло- и массообмена, при котором изучено влияние температуры, скорости воздуха, относительной 
влажности, давления и времени сушки на качество продукции и энергопотребление. Показано, что 
неправильно выбранный режим сушки приводит к ухудшению физических и механических свойств продукции, а 
также к избыточным затратам энергии. В работе рассмотрены периоды постоянной и убывающей скорости 
сушки, методы энергосбережения в промышленных сушильных установках, технологии рекуперации тепла и 
современные методы сушки. Особое внимание уделено использованию солнечной энергии как возобновляемого 
источника и перспективам применения солнечных сушилок в условиях Узбекистана. Полученные результаты 
могут быть использованы для повышения энергоэффективности и обеспечения высокого качества продукции в 
легкой промышленности. 

Ключевые слова: процесс сушки, легкая промышленность, температура, скорость воздуха, 
относительная влажность, энергоэффективность, время сушки, солнечная энергия. 
 

Introduction. The drying process is an important stage in the preparation of products for 
storage and maintaining their quality in industry. Drying various raw materials and products extends 
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their shelf life, prevents microbiological deterioration, and provides the necessary moisture level for 
subsequent technological processing. Drying is relevant in light industry (for example, in food, 
pharmaceuticals, and agricultural products), and directly affects product quality and energy 
consumption. 

Drying processes are characterized by high energy demands in industry - some studies have 
found that at least 7–15% of the total energy consumption of industry falls on drying processes [1]. 
Therefore, in light industry, optimizing drying technology, i.e., correctly selecting and controlling 
parameters such as temperature, air velocity, humidity, and drying time, is an important task to 
achieve energy efficiency while maintaining high product quality. However, choosing the wrong 
parameters during the drying process can cause a number of problems. For example, overdrying raw 
materials such as cotton fiber (moisture content < 6%) makes the fiber brittle and prone to 
breakage; on the contrary, if the moisture content is high (> 8%), the fibers become sticky, making 
the cleaning and shearing processes difficult [2,3]. Similarly, drying foods at very high temperatures 
or for long periods of time can reduce their nutritional value [4]. Therefore, it is necessary to choose 
the optimal drying mode for each product: this mode should ensure fast and efficient drying without 
compromising the quality of the product. 

To model and analyze the drying process, it is first necessary to understand its physical 
foundations. Drying is essentially a heat and mass transfer process, in which thermal energy is 
supplied to evaporate water from a moist material and the resulting vapor is carried away by the air 
flow. Drying usually occurs in two stages: a constant rate period (constant) and a decreasing rate 
period (decreasing). During the constant rate period, external factors - the temperature of the drying 
medium, air velocity and relative humidity - determine the removal of moisture; during the 
decreasing period, internal diffusion processes prevail, and moisture from the interior of the 
material moves to the surface (tends to the surface). Theoretical models are often used to accurately 
model the drying process using experimental data [5]. In addition, in modern approaches, the drying 
process is modeled using numerical methods (e.g., computational fluid dynamics – CFD) and the 
effects of process parameters are predicted in advance [6]. 

This article examines the main technological parameters used in drying light industrial raw 
materials and their importance, as well as the possibilities for energy saving and the use of solar 
energy. 

Method. The factors (parameters) that affect the drying process are a guarantee of the 
quality of the dried product. In order to study how to improve the quality of drying, it is necessary 
to establish and analyze each method (parameter) that affects drying one by one. 

Temperature (T) is the most influential parameter in the drying process. Increasing the 
temperature accelerates the evaporation process by transferring more heat to the material. It is 
known that at higher temperatures, air can hold more moisture and evaporate more quickly from a 
moist material [7]. However, increasing the temperature beyond the norm can lead to unpleasant 
consequences: the surface of the product dries out too quickly, causing a "crust" phenomenon (it 
becomes difficult for internal moisture to escape). Also, excessively high temperatures lead to a 
decrease in strength and elasticity in light industrial (fiber) products, easy breakage of fibers, and 
deterioration of quality through yellowing [4]. Therefore, the optimal temperature is selected 
individually for each material: for example, for fruits and vegetables, a temperature of around 50–
60 °C is optimal for quality and speed, while some fibrous products (for example, cotton fabrics) 
can be dried at temperatures up to 70–90 °C, since their structure is resistant to such heat [8]. 
Scientific studies often test temperatures between 45–65 °C, and it is also noted that this range 
provides a balance between efficient drying and quality preservation [9]. 

Drying time is the total time required for a given reduction in moisture content of a material 
and is one of the most important parameters in industrial drying processes. Incorrect selection of 
drying time directly affects product quality, energy consumption and efficiency of drying 
equipment. There are no exact values for drying time, since the optimal value of drying time 
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directly depends on factors such as air temperature, air velocity, relative humidity, pressure, 
material thickness and structure, and initial moisture content of the material. 

The optimal drying time preserves the internal structure of the product (molecular bonds, 
interfiber capillaries) and especially increases technical aspects such as energy consumption and 
dryer efficiency. Shorter drying time leads to insufficient drying of the product, while longer drying 
time leads to overdrying, energy consumption, and quality deterioration. 

Air velocity (V) plays an important role in drying equipment. Increasing air velocity helps to 
remove evaporated moisture from the product surface more quickly, i.e. the moisture boundary 
layer around the product becomes thinner. As a result, higher air flow increases the evaporation rate 
during the constant velocity stage of drying [7]. For example, in a study on hot air drying of wood, 
it was observed that the drying rate increased significantly by increasing the air velocity from 0.5 
m/s to 4.0 m/s [10, 7]. However, increasing the air speed excessively is not always beneficial - after 
a certain limit, the process begins to be limited by internal diffusion, and a very strong air flow does 
not provide additional efficiency, but only increases energy consumption. Therefore, in practice, air 
speeds of about 1.5–2.5 m/s are often used, these values significantly increase the drying speed and 
are economically justified [5]. 

Relative humidity (RH) of the air determines the moisture capacity of the drying 
environment. Dryer air (low RH) is more likely to absorb moisture from the product, which speeds 
up drying. Conversely, if the air has a high RH, it becomes saturated and cannot absorb new 
moisture, which slows down or stops drying. Studies have shown that when the air RH is low, the 
final equilibrium moisture (the remaining moisture content of the product) is also lower, while high 
RH leaves more moisture in the product [7]. Therefore, in industrial dryers, the air is first heated 
and its relative humidity is reduced - for example, air heated to 60 °C is dried to about 15–20% RH, 
depending on the atmospheric humidity. The optimal RH value depends on the type of material: in 
some cases, it is also necessary not to dry the air too much to maintain product quality. In general, 
heat exchangers and dehumidifiers (e.g. desiccant rotors) are used in dryers to maintain air in the 
range of 10–30% RH in industry. 

Pressure (P) is another parameter that affects the drying process, and is especially important 
in vacuum drying technologies. It is known that at atmospheric pressure, water evaporates at 100 
°C, and reducing the pressure lowers the boiling point of water. Vacuum dryers operate at low 
pressure, which allows drying the product at relatively low temperatures (for example, 40–60 °C). 
For thermolabile products, vacuum and even freeze-drying (lyophilization) methods can be used to 
remove water while preserving their valuable substances. For example, pharmaceutical and 
biological products are dried in a vacuum, limiting thermal damage that would otherwise occur 
under normal conditions [12]. Vacuum dryers can also be used in some areas of light industry (food, 
medicinal herbs), but due to their high energy consumption and complex design, their economic 
efficiency is often low. Nevertheless, accelerating the drying process and maintaining product 
quality through pressure control is a current area of scientific research. 

Results. If we look at the results of drying quality through the variation of drying 
parameters, industrial practices have provided a lot of information on the effect of drying 
parameters on efficiency. In general, increasing the temperature significantly reduces the drying 
time: for example, while drying of fibers at 60 °C is quite slow, drying at 80-90 °C can be 
completed several times faster.[9]However, increasing the temperature to higher values (°C) 
provides little additional benefit in terms of drying rate, as internal diffusion often becomes the 
limiting step at higher temperatures. However, excessive temperatures have a negative impact on 
product quality. 

The effect of air velocity varies depending on the nature of the material and the drying stage. 
For thin and permeable materials (e.g. fabrics or fibers), increasing the air flow will quickly remove 
moisture at the beginning of the drying process, reducing the drying time. When air velocities are 
tested at higher speeds, the speed increases the initial rate of moisture evaporation. However, in the 
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second, decreasing stage of drying, the effect of air velocity decreases as internal moisture diffusion 
becomes the main limitation [14]. By supplying air at a higher speed, the drying rate is initially 
faster, but then it does not change. This is due to the diffusion of moisture exchange in the material. 
Therefore, when choosing the optimal air speed, energy consumption is also taken into account: too 
high a speed requires a large flow capacity. Most industrial dryers use air speeds around 2 m/s, at 
which point convective heat and mass transfer are good and no excess energy is consumed. For 
thicker or denser materials (wooden boards, grain layers, etc.), slightly higher speeds (3–5 m/s) can 
be used, since in them the air flow must penetrate deeper into the material and transfer heat [10]. 

The effect of air humidity is in the opposite direction: the drier the drying environment, the 
more efficient the drying. Air humidity is one of the main factors that has a very strong influence on 
the drying process. Drying is mainly a process of evaporation of moisture, and air humidity directly 
controls the rate of evaporation. At low humidity, the drying rate increases, because dry air has the 
ability to absorb more moisture. This increases the humidity difference between the surface of the 
material and the surrounding air, and the moisture evaporates faster. In the opposite case, i.e. at high 
humidity, the air is already saturated with moisture, so it hardly absorbs new moisture. The 
evaporation process slows down or may stop altogether. 

Changing the drying rate directly affects energy consumption. In low humidity conditions, 
drying is faster, which saves energy. In high humidity conditions, the process takes longer and the 
dryer has to work extra, which increases operating costs. Air humidity has a profound effect not 
only on the drying rate, but also on the quality of the dried product. In high humidity conditions, the 
outer shell of the material can dry out, leaving moisture inside. This uneven drying leads to 
subsequent mold, rot, or deformation of the product. In addition, the color and composition of some 
materials change, or the likelihood of microorganisms multiplying increases. In industrial drying 
methods, it is possible to control the air humidity in the drying chamber or reduce it using special 
dryers. Analyzing the results, it is recommended that most drying systems do not exceed 20–30%. If 
the air humidity is 50% or higher, the drying time will be much longer, and in the end, the product 
may contain more moisture than allowed. 

Drying time is closely related to the above parameters and is considered an indicator of 
efficiency. The goal is to achieve the desired moisture level in the shortest possible time. 
Experiments show that, for example, a thin layer of fruit and vegetables (3–5 mm) can be dried in 
6–8 hours at a temperature of 60 °C and an air speed of 2 m/s, while the same product will have to 
be dried for 15–20 hours at 40 °C and slower ventilation [16]. In industrial continuous drying 
processes, the time is determined by the time the product is held in the conveyor belt or drum. For 
example, textile fabrics can be dried in conveyor dryers in a few minutes because the temperature is 
very high (80–120 °C), the air flow is strong, and the fabric is thin. In the case of granular or 
granular materials (grain, tea leaves), the drying time depends on the layer thickness: the thicker the 
layer, the longer it takes for the moisture in the lower layer to evaporate. In this case, the total time 
is reduced by mixing or moving the layer (fluidization). It is clear that there is an optimal 
combination of drying times for each product, and it can be determined experimentally. Regarding 
the drying time, it should be noted that the drying process is carried out slowly at a lower 
temperature, which serves to preserve the quality of the product. However, this, in turn, reduces the 
efficiency of the device and increases energy consumption. Since drying processes are seasonal 
depending on the product, it is also necessary to dry them faster (without mold, rot, or fungus). 

Summarizing the above results, the most effective drying regime in industrial drying 
processes is achieved by selecting a specific combination of temperature, air velocity and humidity. 
The drying time depends on the type of product, its thickness and the value of the moisture content 
required to remain in it. In the textile industry, although higher temperatures (70–90 °C) are used 
depending on the type of fabric, the drying time is very short and humidification operations (e.g. 
steaming) are also used to avoid damaging the quality of the product. For raw materials such as 
cotton fiber, it is important to maintain the ideal moisture level: leaving cotton in the moisture range 
of about 6–8% after drying gives the best results - in this case the fibers have optimal strength and 
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elasticity [2]. If cotton fiber is dried more than normal (for example, to 3–4% moisture), it will have 
to be re-wetted later, which is an additional cost and a loss of quality [17]. 

Discussion. Maintaining balance during the drying process is one of the main tasks. As 
mentioned above, drying too quickly (with high temperature and strong air flow) sometimes leads 
to the product becoming hard on the surface and preventing the internal moisture from escaping. On 
the contrary, drying too slowly (with low temperature and humid air) can create conditions for 
bacterial or fungal growth, which can spoil the product, and also waste energy. When choosing the 
optimal mode, it is necessary to adjust each parameter proportionally: for example, if a slightly 
higher temperature is used, it is time not to increase the air speed too much, or vice versa - when 
drying at a low temperature, it is possible to compensate for the time by increasing the air flow. 
Often, a multi-stage drying strategy is used: in the first stage, the main part of the moisture is 
removed with high temperature and speed (constant speed period), in the next stage(s) the 
temperature is slightly reduced and the internal moisture of the product is gradually removed 
(decreasing speed period). This method helps to save energy and maintain quality. 

Energy saving strategies are becoming an integral part of drying technology. It is known that 
drying processes release a large amount of heat into the air, especially in traditional convective 
dryers, where the efficiency is only around 30–60% [18]. Therefore, modern drying systems are 
equipped with heat recovery (utilization) capabilities: for example, using the hot and humid air 
leaving the dryer to absorb energy using heat exchangers and heat the incoming fresh air. One study 
showed that using dryer exhaust air can increase the overall energy efficiency by 60–80% [1][19]. 
Energy consumption can also be reduced by further improving drying equipment: for example, heat 
pump dryers consume significantly less energy than traditional gas or electric dryers because they 
operate in a closed cycle, recovering heat from the air [12]. Technologies such as microwave drying 
and infrared drying generate heat directly in the product itself, dramatically reducing drying time 
and thereby achieving energy savings [12]. But such methods sometimes result in uneven drying of 
the product or technological complexity, so they are used more in special cases. 

Another important approach is to optimize the organization of the drying process. For 
example, energy consumption can be reduced by evenly distributing the material being dried inside 
the dryer, ensuring that air reaches every part of it, and by properly insulating the dryer walls and 
air ducts [20]. It is also important not to set the drying time incorrectly: the process should be 
stopped as soon as the product reaches the required moisture content, continuing it too much is a 
waste of energy and time. Many modern dryers have automatic control, which determines the end 
of the process based on the humidity level of the exhaust air. It should be noted that by replacing 
electric motors and fans with energy-efficient ones, and installing inverter control (VFD), it is also 
possible to save about 5–15% of electricity [21]. 

One of the promising future directions of drying in light industry is the use of solar energy. 
Solar energy has great potential as a cheap and environmentally friendly source, especially in 
regions with a sunny climate. Traditional open-air solar drying has been used for a long time, but its 
serious drawback is the inability to fully control the process (dependence on weather, contamination 
with dust and insects, etc.). A modern approach is the use of solar dryers. Solar dryers have special 
designs that pass air heated by concentrating sunlight or the greenhouse effect through the product. 
For example, in tunnel-type solar dryers, air is heated under a transparent cover, creating 
temperatures of up to 50–60 °C inside [22]. It has been found that the temperature inside a solar 
dryer chamber exposed to direct sunlight is twice as high as the outside temperature – for example, 
when it is 32 °C outside, the temperature inside the dryer reaches around 70 °C [23][24]. Another 
study reported that a hybrid dryer with a solar collector and battery achieved daytime temperatures 
of up to 73 °C [25]. Such systems dry much faster and more efficiently than conventional open 
drying: for example, a maximum temperature of 57.6 °C was observed in a direct solar dryer, which 
dried the wet material faster than in conventional solar drying, while a relatively high temperature 
of 55.4 °C was achieved in an indirect (collector) dryer, which ensured more stable drying (at the 
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same time, the temperature in open air drying was at most 38 °C) [26]. Hybrid solar-electric dryers 
have also been developed, allowing the process to continue uninterrupted at night or when the sun is 
low, using an electric heating system; such dryers have been shown to be capable of reaching 
temperatures above 60 °C with solar energy during the day and maintaining temperatures of 40–50 
°C at night using a heat accumulator [27]. In Uzbekistan, scientific research is even studying the 
issue of optimizing drying systems using solar concentrators, that is, analyzing ways to achieve 
maximum efficiency when sunlight is focused and directed to the dryer [28]. Of course, the 
widespread introduction of solar dryers faces some limitations - weather variability, the need for 
night time, the problem of uniform drying of large volumes of products, etc. Nevertheless, the 
prospects for using solar energy in terms of energy saving and environmental friendliness are very 
high. 

Conclusion. When drying light industrial raw materials, the correct selection and control of 
technological parameters such as temperature, air speed, humidity and time determine the success 
of the drying process. The above analyses and examples show that there is an optimal drying regime 
for each type of product, and achieving this regime requires a scientific approach and experimental 
tests. By taking into account the interaction of parameters and adjusting them in a balanced way, the 
following achievements are achieved: drying time is reduced to a minimum, product quality (taste, 
color, consistency, nutritional value) is maintained, and energy consumption is optimized. 

For example, in fibrous materials, it is advisable to keep the moisture content in the range of 
6–8% (in the case of cotton fiber) [2]. By following such optimal parameters, it is possible to reduce 
excessive energy consumption and the risk of obtaining poor-quality products. Measures such as 
automating the drying process, controlling temperature and humidity in real time, and improving 
the design of the dryer reduce the human factor and facilitate the achievement of stable results. 

Renewable energy sources, in particular solar energy, are expected to play an important role 
in increasing the energy efficiency of industrial drying in the future. Dryers using solar energy can 
reduce traditional fuel consumption and reduce greenhouse gas emissions. In the conditions of 
Uzbekistan, there is a possibility of widespread use of solar dryers in the processing of light 
industrial products and drying agricultural raw materials, and scientific research is being conducted 
in this regard [28]. 

In conclusion, scientifically based optimization of drying parameters is an important 
condition for ensuring competitive and sustainable production in light industry. A correctly selected 
drying mode maintains high product quality, reduces energy consumption and costs, and makes the 
process more environmentally friendly. At the same time, by introducing innovative technologies 
using solar energy, drying processes can be made more economical and environmentally friendly in 
the future. This will not only bring economic benefits to industrial enterprises, but also make a 
positive contribution to the overall energy efficiency and environmental sustainability of the 
country. 
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