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Abstract 

The constant advance of the technology has offered the 

necessary tools to improve the different ways of storing and 

distributing the food, one of them is the food dehydration which 

is a mechanism of manipulation created with the intention of 

increasing the useful life and avoiding the early deterioration of 

the nutritional characteristics of the food. In this work there 

appeared the development of a dehydrator of fruit focused on 

the conditions of the Colombian agro, especially for the dried 

one of strawberry of Cundinamarca's region. Based on the 

above, one proposed a system of dehydration of fruit using the 

method of lyophilization of food, which, for his characteristics 

of functioning it grants the best quality in the final product and 

a percentage of dampness near to 5 %. The model used to design 

this system was the model of lyophilization for an alone face 

and heating for caps dries. Additional, the dehydrator by means 

of lyophilization needs a pre-process of freezing of the food, 

therefore, it was necessary to design a system IQF (Individual 

Quick Freezing) which guarantees a uniform and rapid freezing 

of the food. For this one, there was implemented the model of 

freezing of modified Pham bringing the geometry of the fruit 

near to a sphere which allowed us to determine the times of 

freezing necessary for the process.  
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INTRODUCTION 

At present, the problems of climate change and the greenhouse 

effect are presented as a clear risk to sustain life. Because this 

effect is to a greater extent the product of fossil fuel-based 

energy, it is imminent to develop systems that improve or avoid 

the environmental impact of energy production [1]. Given the 

position of oil as an indispensable fuel, it is necessary to create 

the change in primary sectors of production free of this 

restriction. One of these sectors may be in the conservation of 

food, since it requires large amounts of energy, but is not strictly 

related to petroleum products as a functioning source [2].  

Strawberry is one of the most popular products around the 

world, countries such as the United States produced 1,366,850 

tons for the year 2012. But it is also a food with a very short 

post-harvest life, about 5 days [3]. It is a direct consumer 

product in most cases, where its color and taste are its main 

attractions. In Colombia they are produced in different parts of 

the country and are a very popular dessert in temperate regions. 

They are so popular that the sale of "Strawberries with cream" 

is a form of informal employment in Cundinamarca. 

According to the FAO [4], around 10% of post-harvest food 

production is lost in the world. If this translates into Colombian 

figures and strawberry, it is talking about 4,245 tons. In addition, 

according to the National Planning Department (DNP) [5] in 

2010, 1,426,932 tons of fruits and vegetables were lost in the 

post-harvest period, 1,154,923 tons belonging to fruits only, 

with 32% of participation in the waste in that year. 

The moment food is collected from its production sources, a race 

begins between the quality of the product and the decomposition 

agents. Although the marker is always in favor of the latter, 

humanity has managed to snatch time implementing different 

conservation methods. The water content and the pH are the two 

indicators that show us which foods are the most perishable and 

which can be transported without greater risk to the final 

consumer [6]. In addition, the characteristics must be attacked 

to achieve a product that extends its useful life. One of the many 

forms of food dehydration is lyophilization or Freeze drying, 

which was chosen as the method of development of this project 

because of the quality in the final product it provides [7] [8] [9]. 

Based on the above, this paper presents the results of the design 

and simulation of a lyophilization process including the IQF 

food freezing method as the main one. For this work the 

moisture linked to the food was not taken since in the strawberry 

it constitutes a value lower than 5%.  

 

MATERIALS AND METHODS 

Freeze drying food requires that the product has an initial state 

at full freezing temperature. For which there are different 

methods that vary according to the freezing speed and the 

principle used. It is important to mention that a high freezing 

speed favors the creation of micro-crystals of smaller size inside 

the tissues of the food and therefore a minor damage in them  

[10]. Seeking this feature, the rapid individual freezing (IQF) 

method will be implemented, which is a method that uses 

cryogenic liquids to achieve complete freezing in a very short 

time [11]. In particular, a freezing tunnel with liquid nitrogen 

spraying was implemented. 

Generally speaking, an IQF freezing tunnel consists of three 

zones: (1) Gas zone, (2) Aspersion zone and (3) Stabilization 

zone (see figure 2.1). Each zone contributes to the extraction of 

heat, with the Aspersion zone being the stage at which 65% of 

the product is frozen [12]. For the design of this process, we start 

contemplating the length and the area of the conveyor belt, for 

this we use the method proposed by Pham (Equation 1) that 

modifies Plank's proposal and that allows obtaining the 

necessary time for freezing [13]. 
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1

𝐸
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∆𝑇1
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∆𝐻2

∆𝑇2

] (
𝐷

ℎ
+

𝐷2

2𝑘𝑐

) (1) 

 

Where:  

 𝑡 is the freezing time 

 𝐸 is the form factor with values between 1-3 being 3 

for a sphere, 2 for an infinite cylinder and 1 for an infinite flat 

plate 

∆𝐻1 = 𝜌 𝑐𝑛𝑐  (𝑇0 − 𝑇𝑐𝑚) (2) 

∆𝐻2 = 𝜌 𝜆 +  𝜌 𝑐𝑐  (𝑇0 − 𝑇𝑐𝑚) (3) 

Equations 2 and 3 correspond to enthalpies by sensible heat and 

by latent heat respectively up to the average freezing 

temperature  𝑇𝑐𝑚 

  

𝑇𝑐𝑚 = 1.8 + 0.263𝑇𝑓𝑖𝑛 + 0.105𝑇𝐴    (4) 

𝑇𝐴  is the final temperature of the freezing medium 

𝑇𝑓𝑖𝑛  is the final temperature at the thermal center of the product 

For each enthalpy, the temperature differentials to which the 

food is subjected are identified, which are up to and from the 

aforementioned average freezing temperature 

∆𝑇1 = 0.5(𝑇0 + 𝑇𝑐𝑚) − 𝑇𝐴    (5) 

 

∆𝑇2 = 𝑇𝑐𝑚 − 𝑇𝐴 (6) 

 𝑇0 is the initial temperature of the product 

 𝐶𝑐 is the specific heat of the frozen product 

 𝐶𝑛𝑐 is the specific heat of the unfrozen product 

   𝐷 is the semi thickness 

 ℎ is the convective coefficient 

 𝜆 is the latent heat of fusion 

 𝑘𝑐 is the thermal conductivity of frozen food

 

 

Figure 1: Schematic diagram of an IQF freezing tunnel 

 

 

Figure 2: General scheme of the sublimation chamber 
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The general process of sublimation is to bring the food to a 

vacuum pressure while heating progressively. Therefore, the 

design of a sublimation space focuses on finding the chamber 

where the vacuum will be applied, the condensation system and 

the heating method of the product. A general scheme of the 

system is shown in figure 2, this is composed of a sublimation 

chamber, where it is necessary to extract the air to an adequate 

level of vacuum, a series of trays in which the product will be 

positioned, a system of heating for the trays, a vacuum pump 

and a condensation system that maintains the pressure gradient 

required in the sublimation. 

 

In figure 3 the behavior of the product can be observed while 

lyophilizing. We can see how mass transfer occurs from the 

surface to the interior, creating a separation called interface in 

its path 

 

Figure 3: Schematic of the lyophilization process 

 

The system of symmetric heating modeling by a single layer 

contemplates the transfer of convective heat from the upper 

plate to the surface of the product, this makes it possible to 

obtain a mathematical model like that of equation (7). 

𝐺(𝑡) = −
1

𝐴

𝑑𝑀

𝑑𝑡
 (7) 

M being the mass and A the sublimation area 

The mass with respect to time can be modeled following the 

equations (8 ) and (9) which takes into account the thickness of 

the plate and the position of a sublimation front (interface) that 

marks the descent of the frozen zone from the surface to a length 

equal to that of the plate. 

𝑀(𝑡) = 𝐴 𝑍 𝜌𝑠 + 𝐴(𝐿 − 𝑍)𝜌𝑐 (8) 

 

𝑑𝑀

𝑑𝑡
= 𝐴 (𝜌𝑠 − 𝜌𝑐 )

𝑑𝑍

𝑑𝑡
    (9) 

Thus: 

𝐺(𝑡) = (𝜌𝑐 − 𝜌𝑠 )
𝑑𝑍

𝑑𝑡
 (10) 

Where: 

L is the thickness of the plate. 

𝜌𝑐 is the density of the frozen layer 

𝜌𝑠  is the density of the dry layer 

Z is the position of the sublimation interface  

Analogously, the heat required for the sublimation can be 

calculated according to equation (11) where the heat required 

for sublimation is calculated as the sublimation enthalpy 

multiplied with the mass transfer. 

𝑞 = 𝐺(𝑡)𝐻𝑠 (11) 

 

That can be expressed as the heat transferred from the surface to 

the sublimation interface  

𝑞 = ℎ(𝑇𝑎 − 𝑇0) =
𝑘𝑠

𝑍
 (𝑇0 − 𝑇𝑠) (12) 

By equalizing and integrating, sublimation time can be obtained 

in terms of solute percentages. 

𝑡 =
𝜌𝑐(𝑋𝑐 − 𝑋𝑠)𝐻𝑠𝐿2

2(1 − 𝑋𝑐)𝑘𝑠(𝑇0 − 𝑇𝑠)
 (13) 

Being: 

𝜌𝑐 the density of the frozen layer 

 𝑘𝑠 of thermal conductivity in the dry layer 

 𝐻𝑠 the sublimation enthalpy 

𝑇𝑠  the temperature of the sublimation front 

 𝑇0 the temperature of the dry Surface 

 𝑋𝑐 ratio of wet solids in the frozen layer 

 𝑋𝑠 ratio of wet solids in the dry layer 

 

A. Freezing phase design  

Since it is a cooling tunnel divided into two stages, equation (14) 

is used to identify the pre-freeze and freeze time individually. 

The pre-freezing part is carried out in the gas zone where the 

food is brought from 20 ° C to 0 ° C with a nitrogen gas 

temperature of -123 ° C at the start and -60 ° C when the 

chamber is evacuated. Similarly, the freezing phase is carried in 

the liquid Aspersion zone, where the product will go from 0 ° C 

to -40 ° C. The convective coefficient of the liquid zone will be 

150 
𝑊

𝑚2 °𝐶
 on the contrary, this coefficient will have to be 

calculated for the gas zone due to the forced action of the fans. 

Assuming the temperature of -60 ° C at the exit of the gas zone, 

which will be used later to maintain the low temperatures in the 

process or sublimation and using equations (8),(9), (10), (11 ) 

and (12 ) you get: 

𝑇𝑐𝑚 = 1.8 + 0.263(−40) + 0.105(−123)

= −21.63 
   (14) 

∆𝐻1 = (1008.46)(3.893𝑋103)(0 − (−21.63))

= 8.4938𝑥107 
  (15) 

 

∆𝐻2 = (1008.46)(305.94𝑋103)

+ (1008.46) (1.1304𝑋103)(0
− 𝑇𝑐𝑚) 

(16) 
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∆𝐻2 = 3.2946𝑋108 (17) 

 

∆𝑇1 = 0.5(0 + (−21.63)) − (−123) = 112.18 (18) 

 

∆𝑇2 = (−21.63) − (−123) = 101.36 (19) 

 

By performing equation (13) we find that the time in the liquid 

zone is: 

𝑡 =
1

3
[
8.4938𝑥107

112.18
+

3.2946𝑋108

101.36
] (

0.02

150
+

0.022

2(2.41)
) 

(20) 

 

𝑡 =   288.9620 𝑠 =   4.8160 𝑚𝑖𝑛 (21) 

 

Knowing that this is the time it takes to freeze 0 to -40 ° C a 

kilogram of strawberry we can calculate the expenditure of 

liquid nitrogen if the enthalpy change is compared in this time.  

Enthalpy change of the strawberry 

∆𝐻1 + ∆𝐻2

𝜌
=

8.4938𝑥107 + 3.2946𝑋108

1008,46

= 410.9249 [
Kj

kg
] 

(22) 

Enthalpy change of nitrogen: 276.4 
Kj

kg
 kg data from the table 9.5 

of enthalpy liquid nitrogen in [12]. 

 Initial enthalpy 29.4  
Kj

kg
  a -195.8 °C 

 Final enthalpy 305.8
Kj

kg
 a -123 °C 

 Difference = 276.4 
Kj

kg
 

Now doing the reason between the enthalpy change of the 

strawberry and the nitrogen one obtains: 

410.9249

276.4
= 1.4867

kg de N2

kg of Strawberry 
  (23) 

 

As the design is focused on a flow of  50
𝑘𝑔

ℎ
   a mass flow of 

nitrogen of 74.33 
𝑘𝑔 𝑑𝑒 𝑁2

ℎ
 ., can be defined, which says that 

74.33 Kg of nitrogens would evaporate per process lot. This data 

is important since we now know that in the gas zone we will 

have an availability of this same amount in the form of nitrogen 

gas at -123 ° C. This data will be used to calculate the convective 

coefficient in the gas zone. 

 Continuing with the design, we proceed to find the freezing 

time in the gaseous zone. For the convective coefficient in the 

gas zone it is necessary to calculate it using the correlation of 

the Nusselt number for forced flow in spheres. 

𝑁𝑢 =
0.37𝑅𝑒0.6 

𝑃𝑟
2
3

    ;  17 < 𝑅𝑒 <  70000  (24) 

 

𝑁𝑢 =
ℎ𝐷

𝑘
 (25) 

Where: 

D is the diameter of the sphere 

  ℎ is the convective heat transfer coefficient 

 k is the coefficient of thermal conductivity 

 Re is the Reynolds number 

 Pr is the number of Prandtl 

This coefficient must be calculated at the film temperature: 

𝑇𝑝 =
𝑇𝑝𝑎𝑟𝑒𝑑 + 𝑇𝑚𝑒𝑑𝑖𝑜

2
 (26) 

Where: 

 𝑇𝑝𝑎𝑟𝑒𝑑  is the surface temperature of the product 

 𝑇𝑚𝑒𝑑𝑖𝑜 is the temperature of the freezing medium 

For this case the 𝑇𝑝𝑎𝑟𝑒𝑑  will be the initial temperature of the 

product and the temperature of the medium will be the 

temperature at which the nitrogen leaves the spray zone -123 ° 

C 

From (26 ) we get: 

𝑇𝑝 =
20 + (−123)

2
 [°𝐶] (27) 

 

𝑇𝑝 = −51.5°𝐶    (28) 

 

According to Yutopian  [14], for this temperature a Prandtl 

number of 0.69 can be identified, a dynamic viscosity of  𝜇 =
140.6𝑋10−7  (by interpolation), a value for the conductivity 

ends   𝐾𝑛 = 217.97x10−4  (by interpolation) and a density of  

1.6141 
𝑘𝑔 

𝑚3 (by interpolation). With this data, it is only necessary 

to calculate the Reynolds number for which it is necessary to 

define a fluid velocity according to the conditions of nitrogen 

exit from the liquid zone. 

Since the mass flow of the spray chamber is 74.33 kg of N2 per 

hour, it can be said that the volumetric flow of nitrogen at film 

temperature is: 

𝑄 =
74.33

1.6141
= 46.05

𝑚3

ℎ
 (29) 

At this point, it is important to propose the width of the conveyor 

belt in order to calculate the area where the gaseous nitrogen 

should flow, in this sense if the strawberry is defined as a 4cm 

sphere, a row of 5 strawberries evenly distributed would 

suppose a width of 20 cm for which this is chosen as the width 

of the band. Similarly, to avoid exceeding the amount of 

available nitrogen, it is proposed to establish a lower workflow 

by dividing this by a factor of 1.2. In this way you get that:  

𝑄𝑢 =
𝑄

1.2
=

46.05

1.2
= 38.375

𝑚3

ℎ
 (30) 
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Considering that the maximum radius of the fan should not 

exceed 10cm, a commercial fan with a 3-inch blade diameter is 

chosen. This type of fans has a portion of the fan occupied by 

the rotor therefore it is necessary to subtract this portion to find 

the useful radius. Since this data is not available it is assumed 

that the rotor occupies a radius of 2.5cm, with this a useful 

radius of 5.12cm is obtained which leaves an Area of:  

𝐴𝑟 = 0.05122 ∗  𝜋 = 0.00823𝑚3 (31) 

 

With this value, the speed necessary to move the desired 

nitrogen flow is calculated. 

𝑄 = 𝐴𝑉 (32) 

 

𝑉 =
38.375

0.00823
= 4659.710

𝑚

ℎ
= 1.29

𝑚

𝑠
 (33) 

 

In this way the Re is defined as: 

𝑅𝑒 =
𝜌𝑉𝐷

𝜇
 (34) 

 

𝑅𝑒 =
1.6141 ∗ 1.29 ∗ 0.0512

140.6𝑋10−7
= 7535.39 (35) 

 

Using the equation (24) is the Nu  

𝑁𝑢 =
0.37(7535.390.6)

0.69
2
3

   (36) 

 

𝑁𝑢 = 100.44 (37) 

 

And matching the equation (25) can find the convective 

coefficient for the gaseous zone. 

ℎ =
𝑁𝑢 𝑘

𝐷
 (38) 

 

ℎ =
100.44 ∗  217.97x10−4 

0.04
= 54.73

𝑊

𝑚2𝐾
 (39) 

 

Having calculated the new convective coefficient, the time in 

the gas zone is calculated in a manner similar to that calculated 

for the aspersion zone. This gives a time of:  

𝑡 = 212.1470 𝑠 = 3.53 𝑚𝑖𝑛 (40) 

With time in each defined section it is possible to find the final 

length of the band. 

The enthalpic change in this area is 

∆𝐻1 + ∆𝐻2

𝜌
=

9.6161𝑥107

1008,46
= 95.3547

Kj

kg
 (41) 

 

Band length in the gas section: 

𝐿𝑔 =
50𝑘𝑔

ℎ
∗

0.28𝑚

𝑘𝑔
∗

ℎ

60𝑚𝑖𝑛
∗ 3.53𝑚𝑖𝑛

= 0.823𝑚.  

(42) 

Band length in the liquid section: 

𝐿𝑙 =
50𝑘𝑔

ℎ
∗

0.28𝑚

𝑘𝑔
∗

ℎ

60𝑚𝑖𝑛
4.8160𝑚𝑖𝑛

= 1.124𝑚 

(43) 

Given the length of the gas zone, the need to implement more 

than one fan on this path becomes evident. In this way, we can 

guarantee a uniform gas velocity during the passage of the 

product through this phase. Depending on the proportions of the 

chosen fan, it will be sufficient to have 2 of these. 

For the spray zone, it is proposed to use a conical spray nozzle 

with an outlet angle of 70 ° which at a distance of 14 centimeters 

manages to cover the entire length of the band resulting in a 

uniform spray. In this way, to cover the total length of the spray 

zone, 6 nozzles separated by 20 centimeters are needed. 

Therefore, the height of the tunnel is subject to the height needed 

by the nozzles, this being 14cm. 

 

B. Design sublimation process  

The pressure and temperature in the sublimation process 

correspond to values lower than the triple point (P = 4.5 Torr 

and T = 0 °). As the product is at a temperature of -40 °, a 

pressure of 0.45Tor or 60 Pa will be sufficient to achieve 

sublimation. For the sublimation process it is necessary to 

generate an adequate space to store the fruit while the 

sublimation process is generated. One of the fundamental 

parameters that define the dimensions of this camera are the 

trays where the strawberries are positioned. Since the conveyor 

belt has a width of 20 cm the trays cannot have a width less than 

this. Proposing 6 as the number of trays of the sublimation 

chamber would have an individual load of 8.33 kg per tray. If it 

is known that a 1kg of strawberry occupies an area of  0.056𝑚2 

to support the load of each tray, an area of  0.466𝑚2  is 

necessary, which can be achieved if the width of the tray is 

defined as 55 cm and the long 90cm 

With the size of the defined trays you can find an approximate 

volume of the camera. For this, considering a vertical separation 

between trays of 10 cm, a height of 60cm is proposed, which 

generates a volume of 0.297𝑚3. Each tray and its respective 

heating system occupies a space inside the sublimation 

chamber, therefore, the volume of air to be extracted will be 

significantly lower than the volume of the chamber. With an 

overall height between the heating system and the 5cm tray 

(including the fruit) each tray would occupy a volume of 

0.0247m3 representing a total volume of  0.1485𝑚3  thus the 

volume of air to be extracted It would be half. 

The temperature in the condenser is one of the variables that 

must be controlled to maintain the force that promotes mass 

transfer, this is due to the pressure gradient of ice vapor that is 

generated. For this case, a condenser is used at -45 ° C since, 

according to the ice vapor ratio, the pressure is generated at a 
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pressure of 4.54 Pa. As the condenser requires the sublimated 

steam to pass through it, it is possible to leave the entrance to 

the condenser just below the tray, in this way there will be a 

large flow of steam that will de-sublimate favoring the process. 

This can increase the volume of air extraction required, 

therefore, it is proposed that the condenser have a volume equal 

to that of the sublimation chamber. In total, the volume of air 

required to extract would be 0.445𝑚^3 

The purpose of the lyophilizer is to obtain strawberry with a 

final humidity of about 5%, taking account that in the process of 

sublimation is extracted about 95% the time of this process will 

dominate the total duration of dehydration. In the case of the 

strawberry, the conductivity constant in the dry layer has a value 

of   𝑘𝑠 = 0.024
W

mK
  . It is expected to obtain a lyophilized 

product with a temperature of 10 ° C, therefore, this will be the 

dry surface temperature 𝑇0. The sublimation front temperature 

will be the equilibrium temperature of ice vapor at a pressure of 

60Pa, 𝑇𝑠 = 247.67𝐾. With these data, the freeze-drying time 

for the strawberry with an initial humidity of 93% up to a final 

humidity of 2% is determined. 

Thus 

𝑋𝑐 =
0.93

0.07
= 13.28 (44) 

 

𝑋𝑠 =
0.02

0.98
= 0.020 (45) 

Taking 2840
𝑘𝐽

𝑘𝑔
 as the sublimation enthalpy, the lyophilization 

time is calculated. 

𝑡 =
(1008.46)(13.28 − 0.020)2840(42)

2(1 + 13.28) (0.024)(10 − (−25.48))
 (46) 

 

𝑡 = 2498.5466 = 41.64𝑚𝑖𝑛 (47) 

In summary, the sublimation phase will be a process with a 

duration of 41.64min per load, with an additional time while 

conditioning the pressure to start or finish the process. A 

pressure of 60 Pa and a temperature equal to the freezing 

temperature of the strawberry (-40 ° C) will be used. the 

sublimation chamber has a volume of 0.445𝑚^3 and inside the 

trays are available with dimensions of 55cm wide by 90cm long. 

The condenser will be positioned at the base of the chamber, 

which will have a temperature of -45 ° C. 

 

ANÁLISIS DE RESULTADOS  

Freezing system 

The Ansy 18.1 tool was used for the freezing system, from 

which the finite element analysis method for CFD fluids was 

used. As main, the simulation was designed seeking to validate 

the fulfillment of the freezing time in each section of the tunnel 

(Aspersion and gas). A basic model of the system was used for 

the Aspersion Zone, as can be seen in figure 4. It includes the 

nozzle, the fluid domain and a 4cm radius sphere that represents 

the strawberry.  

 

Figure 4: Simplified geometry of the aspersion process. 

 

Making a simulation with the parameters established in the 

design, it was obtained that after 300 seconds the internal 

temperature of the sphere reaches a value of 228 K or -45.15 °C. 

In figure 5 you can see the temperature contour for time 300s 

Figure 5: Temperature contour in the aspersion zone 

 

The behavior of the system with respect to the temperature in 

the thermal center of the sphere during the 300 seconds can be 

seen in figure 6. 

  

Figure 6: Graph of temperature versus time in the aspersion 

zone. 

 

In the case of the gas zone, a simplified figure was used to 

represent the fan, in addition to the use of 5 spheres of 4 cm 

radius for the strawberries and a cubic volume for the fluid 

domain. When simulating, the design parameters were used 

during a period of 162s. See figure 7 
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Figure 7: Simulation geometries in the gas zone 

 

As a result, it can be seen that the temperature at the second 162 

is 280.94 inside the thermal center of the sphere and follows a 

behavior as shown in Figure 8. 

 

Figure 8: Graph of temperature versus time in the gas zone. 

 

Figure 9 shows the temperature contour of the second 162, 

which shows a temperature difference between the strawberries 

located at the center of the band and those at the ends. 

 

Figure 9: Temperature contour in the gas zone 

 

With respect to the speed of the nitrogen gas on the strawberry, 

it is observed that just before coming into contact with the 

strawberry there are zones with speeds of 3.22m/s. In figure 10 

you can see the velocity contour in the YX plane. 

 

Figure 10: Contour of speeds in the pre-cooling zone. 

 

It is also observed that there are areas where the action of the 

fan is focused at maximum speed, however, for the rest of the 

chamber a semi-uniform distribution is maintained at a speed of 

1.2m/s  

 

Simulation sublimation process 

For the sublimation process, a simulation was implemented on 

the Matlab tool. Figure 11 shows the progress of the sublimation 

front with respect to time from 0 to 0.0385m in a time of 2499s 

equivalent to 41.64min. 

 

 

Figure 11: Graph of front of sublimation against time. 

 

With this simulation it is observed how the sublimation front 

advances through the food, this shows how the moisture is 

eliminated from it, because this interface delimits the dry layer 

of the wet layer and goes in a direction from the surface towards 

the inside of the food. All this indicates that the wet zone would 

be decreasing. 

The sublimation front shows a change in velocity in its 

displacement from a higher mass transfer speed at the beginning 

to a lower and more constant speed as it approaches the end of 

the process. In addition, it is remarkable how to reach the total 

time of sublimation stops about 4% of the total distance to 

travel, this generates a design error of 6%. It should be noted 

that this behavior occurs as long as the pressure of the interface 

is in accordance with the pressure of equilibrium Ice-Steam. 
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CONCLUSIONS 

According to the thermodynamic parameters, the proposed 

system fulfills the objective of dehydrating the fruit to values 

less than 5% without heating the food too much (10 ° C), which 

guarantees that the system maintains the properties of the fruit. 

The implementation of the IQF freezing system makes it 

possible for the system as a whole to work for a rate of work in 

a semi-continuous cycle of 50𝑘𝑔 𝑜𝑓 𝑠𝑡𝑟𝑎𝑤𝑏𝑒𝑟𝑟𝑦/ℎ since the 

complete process of freezing and sublimation lasts 46.29 min. 

The pre-cooling zone in the IQF freezing stage fulfills a vital 

function for the development of the lyophilization process 

because it depends on the product having adequate freezing. For 

this it is necessary to monitor the speeds of the fans and control 

the temperature of entry of the food to the area of spray. 

These simulation results must be contrasted with experimental 

values given that the models implemented in this project have 

an approximation of 90%. 
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