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Abstract 

             At present, the drying of cloths are carried 

out using solar, electric driers etc. The unavailability 

of solar irradiation, space and energy consumption 

is the factors affecting the conventional systems. 

The present study focuses on vacuum dryer; where 

drying takes place in vacuum pressure. The drop-in 

pressure due to vacuum makes the moisture at the 

surface of raw material saturate and evaporate and 

decreases the pressure around the raw material to a 

point below the atmospheric pressure. Thus, the 

reduced B.P of water enhances the rate of drying. 

The process is carried out continuously and 

completed in a short time, at low temperature. 

Normally water boils at 100˚C at atmospheric 

pressure. When pressure is reduced to 0.2 bar, 

evaporation of water is take place at 60˚C. So 

vacuum dryer is not only more efficient than other 

drying methods, it is an energy effective and cost-

effective process.  

Keyword:  Vacuum pressure, Atmospheric 

pressure, Evaporation, Boiling point 

Introduction 

            Drying clothes usually is usually done in a 

natural way by using the energy from the sunlight 

and the wind, but nowadays the technology is well 

developed and grown, and the cloth dryers which 

use the electric energy or other energy come into use 

extensively, especially in the urban area where 

people live in the tall buildings. Then, people who 

live in the buildings have the limitation of drying 

clothes using heat energy from the sun. In order to 

maintain an acceptable appearance of building 

façade, clothes drying using natural means by 

hanging clothes in the balcony may not be allowed. 

Increasingly, a cloth’s drying has become confined 

to indoors which take time for drying clothes, 

especially drying clothes during the period when the 

air humidity is high such as in the raining season. 

Clothes drying indoors by natural ventilation can 

take a long time and still yield unsatisfactory results. 

Even, drying cloth’s indoors by natural ventilation 

impact indoor thermal environment, as the moisture 

contained in wet clothes is transferred to indoor air 

during drying, by evaporation and diffusion. This 

additional indoor moisture load must be dealt with 
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either mechanical or natural ventilation means [1]. 

As we know that drying of cloth is a time-consuming 

process, in conventional method solar energy is used 

to drying clothes. Solar energy is a renewable energy 

source so it is easily and freely available. In earlier 

days there is no other method for the drying of 

clothes but as compare to modern days there are 

many techniques use for this process. In winter 

season, availability of solar energy is less as 

compared with the other seasons so new methods are 

used for the drying of clothes. Last five years, people 

mostly used electric dryers, it has high amount of 

power requirement. Electric dryers need large 

amount of energy, so we cannot use it in normal 

persons. Instead of these reasons we introduce 

vacuum dryer.  Drying, a process of removing water 

from a substance is one of the most frequently and 

widely used operating processes in daily life and is 

undeniably, an energy-intensive operation. In 

developed countries, up to 12% of the industrial 

energy use is consumed for drying [2]. One 

application of drying technology is the drying of 

porous fabrics such as clothes. The use of domestic 

tumble cloth’s dryers has been growing 

continuously for decades [3]. Unbound moisture is 

removed by evaporation and vaporization. Raising 

the temperature facilitates the evaporation and air 

suck the moisture away [4]. Vacuum drying is a 

technology that has been used successfully for many 

years in the pharmaceutical, food, plastics and 

textile industries. A major advantage of vacuum 

drying is energy conservation; less energy is needed 

for drying. Vacuum-drying processes also tend to 

work faster than any other drying methods, which 

can be important in some facilities where products 

are being moved through quickly. Along with other 

advantage of drying process in this way is a less 

damaging drying process. Using vacuum-drying 

equipment also reduces risks to workers. With other 

types of drying equipment, there are vented fumes 

and particles that can make people sick or that force 

people to wear protective garments. With a vacuum 

dryer, ventilation does not occur, and working near 

the dryer is safer. It is also possible to recover the 

precipitated moisture collected during the drying for 

further use. Vacuum drying is a process in which 

materials are dried in a reduced pressure condition, 

which lowers the heat needed for rapid drying. 

Vacuum dryers offer low temperature drying of 

thermo labile materials and are suitable for solvent 

recovery from solid products containing solvents. A 

directly proportional relationship between 

temperature and pressure allows the evaporation 

temperature of the water in the clothing to be 

reduced as barometric pressure within the dryer is 

decreased. This phenomenon provides many 

advantages, including reduced drying times and 

temperatures as well as less damage to clothing. In 

the conventional method is used to calculate how 

much energy is used to boil off 1kg of water? In the 

latent heat of vaporization for the water that 2.2MJ 

per kg. However, if you use ambient heat to boil the 

water then that's only the pump energy 1 kg of water 

vapor at 1 atm produces about 1 m^3 of volume 

which is only about 100 kJ of energy, neglecting 

losses [5].Marvin M. Smith develop a cloth drying 

machine with main objective is to improved 

operating procedure and improved construction for 

use in clothes driers. It also helps to reduce the time 

duration of the process. In operation is take place in 

the vacuum condition but the disadvantage is they 

no provide the heating element and could not reach 

the pressure near to the 660 mm of hg. From this 

survey we can concluded that a directly proportional 

relationship between temperature and pressure 

allows the evaporation temperature of the water in 

the clothing to be reduced as barometric pressure 

within the dryer is decreased. This phenomenon 

provides many advantages, including reduced 

drying times and temperatures as well as less 

damage to clothing [6]. It is well known that clothes 

may be dried by the application of heat in 

electrically-heated or gas-heated clothes dryers. Not 

only is there a considerable expenditure of energy 

required to heat the clothes to a sufficiently high 

temperature that the clothes will dry, but the heat in 

the exhaust from such dryers is lost. Moreover, since 

these dryers tumble the clothes, when they are 

removed, are wrinkled and generally must be ironed. 

It is well known that the boiling point of a liquid is 

decreased with a decrease in ambient pressure. This 

well-known thermodynamic fact has been applied in 

this machine. A pressure release valve and a vacuum 

indicating gauge are also connected to the chamber 

[8].Smith Derrick A develops a "no-heat clothes 

dryer” it includes a drying chamber having an access 

opening. A door is hinged to the access opening, 

which is conventional but it is adapted to be actuated 

only when the door is closed. It is subject to the 

interior of drying chamber to a vacuum. The 

construction of the door is damage so that the system 

operation is failed. With a vacuum of approximately 

25 inches of mercury, there is a boiling point of 

about 133 F and a somewhat lower vaporizing point. 

This produces an atm up to 100% humidity in the 

housing [7]. A clothes drier is taken, in which 

clothes are charged into a drum which is rotatable 

supported in a cabinet, while the heated air is 

introduced in the drum for drying clothes. The many 

types of heating elements are used in this purpose; 

some of them are very efficient and useful for the 

process. It is customary to use a Ferro-chrome wire 

as a heating element. In general, assume that the 

flow rate of air travelling through the clothes drier is 

Q (m3 /min) and electric power to be consumed is P 

(KW), then a temperature rises ΔT (°C), when the 

degree of drying clothes reaches about 100% [9]. 

         The clothes dryer using waste heat from a split 

type air conditioner is the type of cloth drying 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 14, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 72 of 76



 
 

method. The method using waste heat from 

condensing unit in residential building can be 

effective, for its reasonably short drying duration 

and high energy efficiency during air conditioning 

seasons. The drying chamber without auxiliary fan 

unit is workable and can help achieve energy saving, 

even its drying rate is lower than that of clothes 

drying chamber with fan unit. As we concluded from 

the study air conditioner consume large amount of 

energy and these waste energies is used to work the 

dryer. It is efficient but it can’t use in the winter 

season or the snow flowing places [1]. 

System Description 

        The proposed machine includes a rotating 

drum, chamber, and a door which is hinged to 

chamber. A handle is provided for latching the door 

closed to the chamber. Chamber encloses all the 

internal components of the dryer but is not itself 

airtight. In accordance with the machine, a drum is 

attached to the chamber and it is fixed with the 

horizontal shaft motor. The vacuum gauge is 

connected to the upper part of the machine and 

pressure release valve is used to control the vacuum 

pressure inside the chamber. The heating coil is 

provided inside the chamber to maintain the 

temperature. The chamber is to be fully air tighter; it 

is connected to the vacuum pump. When vacuum 

pump is used to pump air from the chamber and its 

pressure is slowly reduced to below atmospheric 

pressure [7]. Chamber is made of mild steel material, 

so that it is easy to with stand the vacuum pressure 

inside the chamber. 

 

Fig1: Schematic diagram for vacuum assisted 

cloth 

Working 

               In the operation moist clothes that are to be 

dried is placed inside the chamber. The door used to 

close the chamber is latched to housing. Then the 

motor is turned on so as to rotate the drum to spin 

the cloths. Vacuum pump is connected to the system 

so as to exhaust air from the housing and create a 

substantial partial vacuum. Drum is rotated so that 

clothes won’t be crumbled up with each other. When 

the drum rotates, the time consumption as compared 

to natural drying, is reduced and hence fastening the 

drying process.  The electric current then turns on to 

the heating element and the rays are directed onto 

the clothes as they are tumbled, the heat reaches all 

parts for complete vaporizing the moisture. The heat 

from the heating elements and the partial vacuum 

cause the moisture in the clothes to evaporate rapidly 

and the vapor is condensed and passes-off through 

the pump. Because of the vacuum, the vaporizing 

point is lowered. With a vacuum working at 

approximately 0.06798bar, there is a boiling point 

about 85˚C and a somewhat lower vaporizing point. 

The wet cloth is under vacuum; the drop of pressure 

makes the moisture at the surface of cloths become 

saturate and evaporates. This produces an 

atmosphere up to 100% humidity in the housing. 

Under these conditions the moisture is vaporized 

and exhaust to the pump, there is no need of any 

mechanical material. The process is repeated and 

after a while, the cloths dry off completely.   

             From the table 1 we can understand that the 

boiling point of water changes with pressure. 

Normally boiling point of water is 100℃ at 101.42 

kPa. When the pressure is changed, boiling point 

also be changed. By the basic thermodynamic 

theory, we can conclude that the pressure is directly 

proportional to the temperature.  

Table 1: pressure and their boiling point 

 

Pressure (kpa) Boiling point (℃) 

101.42 100 

70.183 90 

47.41 80 

31.202 70 

19.947 60 

12.352 50 

7.3851 40 

4.2469 30 

2.3392 20 

1.2281 10 

0.6117 0.01 
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Table 2: Specification of vacuum pump 

Specification of vacuum pump     

 

 

              Fig3: single stage vacuum pump 

 

  Table 2 shows the various specification of the 

vacuum pump. Here we used single stage oil 

vacuum pump, these pumps suck the air inside the 

chamber along with moisture. It is more efficient 

than the oil-less vacuum pump. When vacuum pump 

working continually oil inside the pump become 

contaminant and it reduce the efficiency of pump. 

Replacing the vacuum pump’s oil is critical it 

ensuring the pump will keep running smoothly. The 

2CFM pump is used to create the pressure 

approximate to 0.199 bar 

              

                               

Specification of motor 

Table 3 shows the various specification of the motor 

used for rotating the drum. Speed of the motor is 

approximate 50rpm with the stall torque of 30Nm. 

Stall torque is a torque that is produced in a 

mechanical device whose output rotating speed is 

zero. Rotation of drum is an important process in the 

drying of clothes. For the drying purpose speed of 

the motor is least considered but torque is more 

important. So, low speed high torque motor is used 

for the process.  

                   Table 3 Specification of Motor 

                    

Fig 4: Motor 

Heating Coil      

   Heating coil is the one of most important part of 

the vacuum dryer. Vacuum dryer works on the 

thermodynamic principle, when pressure is reduced, 

corresponding temperature is also reduced. The 

above theory is applied in the process, and 

temperature inside the chamber also decreased time 

by time. So 500watts heating coil is used to maintain 

the temperature inside the chamber. Extra sensor 

units are used to checking the temperature and 

maintain it corresponding to pressure 

Voltage  Dc motor 12v 

Speed  55 ±5 rpm max speed 

40 ±5 rpm min speed 

current 2.5A – 1.5A max current 

2A – 1A min current 

Stall torque  30 Nm min 

Power  70w 

Weight  2110g 

Free air displacement 2 C F M 

Ultimate vacuum 150 microns 

Voltage  230v 

Frequency  50-60 Hz 

Power  ¼ HP 
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Fig 5: Heating coil 

 

Result and Discussion   

             From the experiment we can conclude that 

large amount of water is evaporating in drying 

process. The first experiment is conducted to find 

out readings which are used to plot the graph 

between pressure and drying rate. The drying 

process is conducted in four different pressure and 

we understand that negative pressure is increase 

drying rate is also increase. The fig 7 shows the 

relationship between pressure and drying of clothes. 

As we discuss about this relation, the vacuum 

assisted cloth dryer is attending the pressure above 

0.47988 bar, as drying operation is increase and time 

taken for the process is reduced. In the steam table 

we can see that pressure and their corresponding 

temperature. Normally water is boils at 100˚c at the 

one atm, when it is changed to below atmospheric 

pressure boiling point also changed to the pressure.  

 

 

Fig 7: Graph between pressure   between wet 

weight and dry weight 

              The second experiment is conduced to 

identify the time taken to complete the drying. And 

also find the energy taken to complete the operation, 

for this energy meter is used. Fig 8 shows that 

negative pressure is increase time taken for the 

operation is reduced. The above mentions that time 

consumption is reduced by maintain the pressure 

and temperature in the steam table.  

    

 

         Fig 8: Graph between pressure vs time 

                             

 In the fig 9 is shows the time and weight relation, 

and it implies that when time is increasing the drying 

rate is also increase. In the experiment, we show the 

relation between the time and weight of the 

operation.  

 

Fig 9: Graph between time vs weight 

 

          The fig 10 shows the pressure and energy 

relation. Energy saving is the main benefits of the 

vacuum assisted clothes dryer. The graph shows that 

energy consumption is increase by increase the 

negative pressure. Vacuum pump is used to create 

negative pressure in the chamber, in these working 

condition pump sucks air inside the chamber. In the 

vacuum pump create low pressure and large amount 

of energy is used in the above process. So, it 

concludes that negative pressure is directly 

proportional to the energy.     
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Fig 10: graph between pressure vs energy 

              In case of electric clothes dryers, we use 

quite a bit of energy because they need to spin and 

produce heat. The energy use of a dryer varies 

between 1800 watts and 5000 watts, and a typical 

dryer will use around 3000 watts [10]. All clothes 

dryers operate the same way: electricity is used to 

turn a drum that tumbles clothes through heated air 

to remove moisture. It’s the operating costs that is a 

critical factor to understand the differences in 

vacuum assisted cloth dryer and electric dryers and 

deciding which is more energy efficient. An electric 

dryer has heating coil and blower. As we compare 

with vacuum dryer, it has heating coil and vacuum 

pump. Energy consumption of pump is less than 

blower. The energy consumption of vacuum assisted 

cloth dryer is under 1.5kwh.  

Conclusion 

  A clothes dryer is a common household appliance 

to dry clothes or other fabrics after they have been 

washed. Electric clothes dryers use quite a bit of 

energy because they need to spin and produce heat. 

The effectiveness of new method has been evaluated 

by the experiment. In these case, vacuum assisted 

cloth dryer replaces the electric dryer to reduce the 

energy consumption. Another advantage of the 

vacuum drying process is to get better life time for 

the material and the system. Life of the electric dryer 

is less as compare to vacuum assisted dryer. The 

result of the evaluation is demonstrated and proved 

workable and can help in energy saving. In this 

process cloth is not damage and it doesn’t change the 

colour of the clothes. As a future scope, we can 

introduce glass casing to get natural heating instead 

of heating coil so that the 500watts heating coil is 

avoided and large amount of energy is saved. In 

commercial methods we can introduce a plastic bag 

type chamber which can be used to dry 1 or 2 clothes 

with a small CFM pump which is used so it is more 

effective technically.      

 

Abbreviation 

B.P     -     Boiling point 

atm                -     Atmospheric 

CFM     -     Cubic feet per meter            

w     -     Watts 

Kpa     -     Kilopascal 
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