Design And Building Freeze Dryer Chamber

By
Mohammad Atawneh Moheib dodu

Loay Abu Shamseieh

Supervisor:

Dr.Diya Arafh

Submitted to the College of Engineering
in partial fulfillment of the requirements for the
Bachelor degree in refrigeration and air condition Engineering

Palestine Polytechnic University
December 2018



Acknowledgment

Our thanks go first for our Supervisor Dr.Diya Arafah .His guidance and support made
this work possible. His constant encouragement, intuitive, wisdom, and resolute leadership
were instrumental in completing this work.

We wish to thank Dr.Ishaq Sider and Eng.Kazem Osaily and Eng. Mohammed Awad.
We sincerely believe that our work would not exist without their inspiration.

And finally, our ultimate thanks go to all lecturer, doctors, engineers, and to the great
edifice of science, (Palestine Polytechnic University), for their effort and guidance which

helped building our characters to become successful Engineers.



claaty)
(#“}ﬂk“‘é“)mh@}mﬂpjmjﬁjhﬁﬁjuﬂluéj

0o o) Al Sl 5 3 5al) Jilas andlals | puania 5 Jainal) 3 5k 5 Gl ol Ao A weilans | sam ) (e
cmall lasll elagd L La o ST aa

L gl ) U1 ] (il S 1y )55 5 il il Lea 588 30 A )i (1 )
Dl

G Ul | sagad Uaal (o ol 5291 1 gamn cpa ) ol o b U ) B2 6 S 1 e 5 (e )
Y Ul Gl 5 113 cpn )

Quaj\@sﬁ‘ﬁjju)s.zucawﬁ\Mgﬂ\@qﬁdﬁ@u&iuﬁm\}@sdﬁwm)g\g)
llizadl) Uiilgal Lgalal cams il 5 W (S Lialin Led anii (e g ol ) 2

o 32 L) 5a0 5 L 6] U gailin (e Lia s g Lin) 31 Lina () gansliily 5 Ly )S3 ag 518 A () shan (90 )
e Liliaal Uy g8 agin b ot SA1 ) glasdl 13 (e )

pladl i () U8 jla U 5055 Jlie 0 4S8 e (g () 03 00 ClalS 5 ) (e g g Liale (50
A SV Ll 48 el

Lol Lol Jaal Lgad Lipa 3l G Wity ) s daibia s U A8 (el g aglanl) Uis o )
Agaall

N e la sl e il o3 JS Litiaial (e ) Lilia g3 duaiia 5 Wild Y Y15 J5Y1 G Jaas
Ay Al ) L g g 5 Agidanddl) Ll 5

olands LS s a1 S5 33 Y



Abstract

Freeze-drying is a method of removing water by sublimation of ice crystals from frozen
material. Suitable parameters of process application allow us to obtain best quality products
compared to products dried with traditional methods. In food industry and pharmaceutical field
lyophilization has become important subject to ongoing development and its expansion.

Lyophilization that use in the project is not common in Middle East, hence will made

prototype objectives to produce products with high quality during freeze-drying process.
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1.1 Introduction

Freeze drying is the process of dehydrating frozen foods under a vacuum so the
moisture content changes directly from a solid to a gaseous form without having to undergo
the intermediate liquid state through sublimation. In this process, freeze dried food maintains
its original size and shape with a minimum of cell rupture. Removing moisture prevents a

product from deteriorating at room temperature.

This process used for drying and preserving a number of food products, including

meats, vegetables, fruits, and instant coffee products.

The dried product will be the same size and shape as the original frozen material and
will be found to have excellent stability and convenient reconstitution when placed in water.
Freeze dried products will maintain nutrients, color, flavor, and texture often indistinguishable

from the original product.

Depending on the product and the packaging environment, freeze dried foods are
shelf-stable at room temperature for up to twenty-five years or more, if canned, and between
6 months to 3 years if stored in a poly-bag container, making it perfect for survival food or

food storage as well as for commercial use.

1.2 Description

Lyophilization or freeze drying is a process in which water is frozen, followed by its
removal from the sample, initially by sublimation (primary drying) and then by desorption
(secondary drying). Freeze drying is a process of drying in which water is sublimed from the
product after it is frozen[1]. It is a drying process applicable to manufacture of certain foods
and pharmaceuticals and biological that are thermo labile for prolonged storage periods.

The term lyophilization describes a process to produce a product that loves the dry
state [2]. However, this term does not include the freezing process. Therefore, although
lyophilization and freeze-drying are used interchangeably, freeze-drying is a more descriptive
term [3]. Freeze drying can used in a number of applications , most commonly in the food and
pharmaceutical industries. There are, however, many other uses for the process including the
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stabilization of living materials such as microbial cultures, preservation of whole animal
specimens for museum display, restoration of books and other items damaged by water, and

the concentration and recovery of reaction products [4].

The process of freeze-drying has taken on greater prominence in the parenteral
industry, due to the advent of recombinant DNA technology. Proteins and peptides must be
freeze-dried for clinical and commercial use. There are other technologies available to produce
sterile dry powder drug products besides freeze-drying, such as sterile crystallization or spray-
drying and powder filling. However, freeze-drying is the most common unit process for
manufacturing drug products too unstable to be marketed as solutions [5].

1.3 Applications

1) Pharmaceutical and biotechnology

Pharmaceutical companies often use freeze-drying to increase the shelf life of
products, such as vaccines and other injectable.[6] By removing the water from the material
and sealing the material in a vial, the material can be easily stored, shipped, and later
reconstituted to its original form for injection.
2) Food Industry

Freeze-drying is used to preserve food and make it very lightweight. The process has
been popularized in the forms of freeze-dried ice cream, an example of astronaut food.

3) Chemical Industry
In chemical synthesis, products are often freeze dried to make them more stable, or

easier to dissolve in water for subsequent use. In bio separations, freeze-drying can be used
also as a late-stage purification procedure, because it can effectively remove solvents.
Furthermore, it is capable of concentrating substances with low molecular weights that are too

small to be removed by a filtration membrane.[7]

1.4 Motivation

Freeze drying is a known process whereby without destroying their inherent physical
and chemical characteristics substances, that will offer product with high nutrition value and

save proteins and carbohydrates without destroy, that’s mean the product will save same

10



properties approximately after lyophilization and keep it more than 3 year in suitable condition

,and it can use in industrial applications like dried meat and produce medical pharmaceuticals.

1.5 Importance

Freeze-dried foods retain a high percentage of their original nutrients for the most

part. This is because the freeze-drying process only removes the water content in food under

a low temperature.

1)
2)
3)

4)
5)
6)
7)

8)

Reconstitutes to original state when placed in water

Shelf stable at room temperature — cold storage not required

The weight of the freeze-dried products is reduced by 70 to 90 percent, with no
change in volume

The product is light weight and easy to handle

Shipping costs are reduced because of the light weight and lack of refrigeration

Low water activity virtually eliminates microbiological concerns

Offers highest quality in a dry product compared to other drying methods as shown in
figure(1.1)

Virtually any type of food or ingredient, whether solid or liquid, can be freeze-dried

Dehydrated VS. Freeze-Dried

Figure 1 1 dehydrated vs freeze dried
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1.6 Objectives

This project aims to build a prototype (freeze dryer) to be available for people, that
will be able to produce product freeze dried with high quality from nutrition value ,color and
aroma with low cost and without preservation materials and preserve it for long time.in this
project apple will be used as a product .

Desired characteristics of freeze dried products.
1) Intact cake
2) Sufficient strength
3) Uniform color
4) Sufficiently dry
5) Sufficiently porous
6) Sterile
7) Free of particulates

8) Chemically stable

12



1.7 Budget

When you going to make any project, you have to take attention that your project will
cost a certain amount of money. If you plan to make a development for your project, you must
take attention more and more, to minimize the cost as possible as you can, to make a beautiful

profit margin. Table 1.1 shows the budget of the system.

Table 1.1 Budget table

Components Cost of one unit ($)
Refrigeration cycle 220
(freezer)
Pressure sensor 80
Temperature sensor 30
Thermostat 100
Compressor 100

(as vacuum pump )

Base for the freezer 60
Contactors 130
Overloads 70

PLC 200
transformer 20
Switches 30
Electrical board 100
Total 1145%

13



1.8 Time Table of the First Semester

Table (1.2)Time table of first semester

Project

selection

Information

gathering

Determination
of task

Design and

analysis

Documentation

1.9Time Table of the second Semester

Table (1.3)Time table of second semester

Collect the

parts
Build
prototype

Documentation
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2.1 Introduction

Drying is an important and traditional process to remove the moisture from the food.
The basic principle is that micro organisms such as bacteria, fungi, mold requires water for
their growth and multiplication, which causes food spoilage and decay. Since water as a
potential medical for pathogens in the food chain and it has to be removed to increase the shelf
life of the food products. Drying and dehydration is an ideal process to remove the moisture
content applicable to all food materials such as fruits, vegetable, cereals, pulses, milk, meat,

fish etc.

2.2 Principles of drying and dehydration by heat

2.2.1 Free and bound water

Water is a basic element in foods which contains positively charged two Hydrogen
atoms and one negatively charged Oxygen atom hence water is polar solvent. The bonds
between Oxygen and each Hydrogen atom are polar bonds, having 40% partial ionic character.
Water is the fundamental component in all living things and almost in all food materials
contains more than 75% of water and fruits and vegetables contain water up to 95%. Water
that can be easily removed from foods is known as free water, whereas water that cannot be

removed easily is termed as bound water.

Several properties of foods significantly depend on water content. Solute molecules
and ions, or chemical groups and surfaces, can be hydrated. There are several relations between
water content and some macroscopic property because the part of water is present in the
constituents. This water is called bound water. Hydration of water in food components
involves small quantities of water. Only polar groups, and to a lesser extent dipoles, can

“‘bind’’ water molecules.

2.2.2 Benefits of traditional drying

Molds, yeast and bacteria need water to grow. When foods are sufficiently
dehydrated, microorganisms cannot grow and foods will not spoil. Dried fruits and fruit

leathers may be used as snack foods; dried vegetables may be added to soups, stews or
1o



casseroles. Campers and hikers value dried foods for their light weight, keeping qualities and
ease of preparation.

2.2.3 Nutritional value

The nutritive value of food is affected by the dehydration process. Vitamins A and C
are destroyed by heat and air. Using a sulfite treatment prevents the loss of some vitamins but
causes the destruction of thiamin. Blanching vegetables before drying (to destroy enzymes)
results in some loss of vitamin C and B-complex vitamins as well as the loss of some minerals,
because these are all water soluble. Yet blanching reduces the loss of thiamin and vitamins
A and C during dehydration and storage. Dried foods have more calories on a weight-for-
weight basis because of their nutrient concentration. For example, 100 grams of fresh apricots
has 51 calories, whereas 100 grams of dried apricots has 260 calories. In general, dried foods
are not a major part of the American diet, so nutrient loss is not a concern. Nutritive value, as
well as flavor and appearance, is best protected by low temperature and low humidity during

storage.

2.2.4 Drying methods

Foods can be dehydrated by various means: the sun, a conventional oven, an electric
dehydrator or, for herbs only, a microwave oven. Dehydration, like other preservation
methods, requires energy. Unless sun drying is possible, the energy cost of dehydrating foods

at home is higher than for canning and, in some cases, more expensive than freezing.

2.2.4.1 Solar drying

is a modification of sun drying in which the sun's rays are collected inside a specially
designed unit with adequate ventilation for removal of moist air. The temperature in the unit
is usually 20 to 30 degrees Fahrenheit higher than in open sunlight, which results in a shorter
drying time. While solar drying has many advantages over sun drying, lack of control over the
weather is the main problem with both methods.

17



2.2.4.1 Oven drying

is the most practical way to experiment with dehydration. It requires little initial
investment, protects foods from insects and dust and does not depend on the weather.
Continual use of an oven for drying is not recommended because ovens are less energy-
efficient than dehydrators, and energy costs tend to be high. It is difficult to maintain a low
drying temperature in an oven, and foods are more susceptible to scorching at the end of the
drying period. Oven-dried foods are usually darker, more brittle and less flavorful than foods
dried by a dehydrator.

2.2.4.3 An electric dehydrator

produces a better-quality dried product than any other method of drying. Electric
dehydrators are self-contained units with a heat source, a ventilation system, and trays to place
the food on. They are used to dry foods indoors. Therefore, as with oven drying, they don't
depend on the weather. Such dryers can be purchased or made at home and vary in
sophistication and efficiency. Although an electric dehydrator requires a fairly high initial

investment, it maintains low temperatures and uses less energy than an oven.
2.2.5 Considerations

It is not recommended that microwave ovens be used for drying foods, because the
food will partially cook before it dries, imparting an overcooked flavor. Microwave ovens can
be used to dry some herbs quickly—but watch them carefully to prevent them from catching

on fire. Check the owner's manual for drying recommendations.

2.2.5.1 Drying times

in conventional ovens or dehydrators vary considerably depending on the amount of
food dried, its moisture content and room temperature and humidity—and in the case of oven
drying, the use of fans. Some foods require several hours, and others may take more than a
day. Interrupting drying time, or prolonging it by using lower temperatures, may result in

spoilage.
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2.2.5.2Air temperature and circulation

Air temperature must be controlled during the drying process. If the temperature is too
low or the humidity too high (resulting in poor circulation of moist air), the food will dry more
slowly than it should and microbial growth can occur. Watch temperatures closely at the
beginning and end of the drying period. If the temperature is too high at first, a hard shell may
develop on the outside, trapping moisture on the inside. This condition is known as case

hardening.

Temperatures that are too high at the end of the drying period may cause food to scorch.
Temperatures between 120 and 140 degrees F are recommended for drying fruits and
vegetables. Temperatures up to 150 degrees F may be used at the beginning, but should be
lowered as food begins to dry. For at least the last hour of the drying period, the temperature

should not exceed 130 degrees F.

2.3 Principles of drying and dehydration by freeze drying

2.3.1 Principle of freeze drying

The main principle involved in freeze drying is a phenomenon called sublimation,
where water passes directly from solid state (ice) to the vapor state without passing through
the liquid state.

Sublimation of water can take place at pressures and temperature below triple point

(4.579 mm of Hg and 0.0099°C) [7]. The material to be dried is first frozen and then subjected
under a high vacuum to heat (by conduction or radiation or by both) so that frozen liquid
sublimes leaving only solid ,dried components of the original product.

The concentration gradient of water vapor between the drying front and condenser is the

driving force for removal of water during lyophilization [8].figure (2.1) show rate of drying.
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bound water

Figure 2 1 Rate of drying water

At atmospheric pressure (approx. 1,000 mbar) water can have three physical states

1) Solid.
2) Liquid.
3) Gaseous.

Below the triple-point (for pure water: 6.1 mbar at 0°C), only the solid and the gaseous states

exist (Figure.2.2).
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The principle of freeze/sublimation-drying is based on this physical fact. The ice in the
product is directly converted into water vapor (without passing through the “liquid state”) if
the ambient partial water vapor pressure is lower than the partial pressure of the ice at its

relevant temperature (Table 2.1).

To extract water from product, the process of lyophilization consists of :

1) Freezing the product so that the water in the food become ice.

2) Under a vacuum, sublimating the ice directly into water vapor.

3) Drawing off the water vapor.
Once the ice is sublimated the foods are freeze dried and can be removed from the
machine.[10]

Table 2.1 vapor pressure of water

Temperature | Vacoum | Temperature | Vacuum | Temperature | Vacoum | Temperature | Vacoum
(*C) (mbar) *C) (mbar) (*C) (mbar) (*C) (mbar)
0 6.110 -16 1.510 -34 0250 -34 0.024
-1 3.620 -17 1370 -33 0220 -33 0.021
-2 3.170 -18 1.230 -36 0.200 -36 0.018
-3 4760 -19 1.140 -37 0.180 =57 0.016
-4 4370 -20 1.030 -38 0.160 -38 0.014
-3 4.020 -21 0.940 -39 0.140 -39 0.012
-6 3.600 -2) 0.850 -40) 0.120 -60) 0.011
- 3.380 -23 0.770 -41 0.110 -61 0.009
-8 3.010 -24 0.700 -46 0.060 -62 0.008
-9 2.340 -23 0.630 47 0.053 -63 0.007
-10 2,560 -28 0470 -48 0.050 -84 0.006
-11 2.380 -29 0.420 -49 0.043 -85 0.0034
-12 2170 -30 0.370 -30) 0.040 -66 0.0047
-13 1.980 -31 0.340 -51 0.033 67 0.0047
-14 1.810 -32 0.310 -32 0.030 -68 0.0033
-13 1.630 -33 0.280 -33 0.023 -9 0.003

2.4 The stages of freeze-drying process

Freeze drying is mainly used to remove the water from sensitive products, mostly of
biological origin, without damaging them, so they can be preserved easily, in a permanently
storable state and be reconstituted simply by adding water.[12] Examples of freeze dried
products are: antibiotics, bacteria, sera, vaccines, diagnostic medications, protein containing

and biotechnological products, cells and tissues, and vegetable and fruits. The product to be
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dried is frozen under atmospheric pressure. Then, in an initial drying phase referred to as
primary drying, the water (in form of ice) is removed by sublimation; in the second phase,
called secondary drying, it is removed by desorption. Freeze drying is carried out under

vacuum.[11]

2.4.1 Freezing

in which the liquid sample is cooled until pure crystalline ice forms from part of the liquid
and the remainder of the sample is freeze-concentrated into a glassy state where the viscosity is
too high to allow further crystallization.

2.4.2 Primary drying

A freeze dryer’s second phase is primary drying (sublimation), in which the pressure is
lowered and heat is added to the material in order for the water to sublimate. The freeze dryer’s
vacuum speeds sublimation. The freeze dryer’s cold condenser provides a surface for the water
vapor to adhere and solidify. The condenser also protects the vacuum pump from the water
vapor. About 95% of the water in the material is removed in this phase. Primary drying can be a

slow process. Too much heat can alter the structure of the material.

2.4.3 Secondary drying

A freeze dryer’s final phase is secondary drying (adsorption), during which the ionically-
bound water molecules are removed. By raising the temperature higher than in the primary drying
phase, the bonds are broken between the material and the water molecules. Freeze dried materials
retain a porous structure. After the freeze dryer completes its process, the vacuum can be broken
with an inert gas before the material is sealed. Most materials can be dried to 1-5% residual
moisture [12].
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2.4.4 Dehydration

The dehydration process, is defined as “the application of heat under controlled conditions
to remove the majority of the water normally present in a food”. Removal of water can be done

by evaporation or sublimation (in case of freeze drying) [13].

The water vapor, removed from the product chamber by a vacuum pump, is directed to a

condenser, where it is retained frozen. Figure (2.3) shows the basic configuration of a freeze dryer.

Figure 2 3 sublimation stages

During the freeze drying process, heat is provided to the product in order to sublime the ice
and remove the water. Sublimation starts at the surface of the product and then moves toward the
bottom. During the process, the dry layer acts as an insulation material and the drying rate slows

as the layer thickens [14].

There are a large number of published data showing the superior quality of freeze-dried
products [15]. compared the quality characteristics of fresh and freeze-dried alpine strawberries
and found no difference between the two products. The researcher evaluated sugar content, pH,
color, vitamin C and anthocyanin's, among others, and all the results were very similar between
the fresh and dried samples, indicating that the freeze drying process preserved the quality of the

fruit.
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Evaluated the retention of aroma during air and freeze drying of apples. Three representative
compounds of apple flavor were evaluated before, during and after the drying processes. The
researchers found a higher retention of flavor in freeze-dried samples, attributed to the lower

temperatures used in the process[16].

On the other hand, because of the use of vacuum, sub-zero temperatures, and thermal energy
for sublimation and evaporation (phase change), freeze drying is the most expensive drying
method. Low temperature drying results in slow drying rates and long drying times. In addition,
the low pressure required for sublimation and therefore the use of a vacuum pump, as well as the
refrigeration system for maintaining a low temperature to collect moisture in the form of ice on
the condenser all add cost to the process. As a result, both the capital investment for purchasing a
freeze drying system and the production cost, mainly the high energy consumption, are high
compared to other drying technologies. The process is therefore mainly employed for very

sensitive foods or high value products [17].
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Calculation
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3.1 Introduction

The cooling load on refrigerating have many source of heat. So this chapter will talk
about the load calculation , overall heat transfer and the freeze drying process time. Value of

freeze temperature, inside temperature, and freeze drying process time.

3.2 Design the chamber:

1) Chambers temperature is -20 °C

2) Chambers have rectangular shape.

3) Out side dimension of chambers (0.53 *0.53* 0.83) m

4) mass of product is 0.5 kg

5) The insulation is polyurethane with thermal conductivity k=0.036 [W /m2.°C]
6) Thickness of insolation is 0.07m.

7) Specific position for vacuum pumps and wire electrical for sensor and defrost.

=T

["‘" 53 cm T
L

T-53cm”™

60 cm

Figure 3 1 The freeze dryer device
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3.3 Load sources

1) Load from wall

2) Load from product

3) Load from Packing

4) Load form fan motor

3.4 Calculation:

3.4.1 Overall heat transfer coefficient U:

1
u =
1  Ax 1
htX Tho
Where:

U: theoverall heat transfer coefficient [W /m?2.°C]

Ax: Thickness of layer of wall [m]

K: thermal conductivity of material [W /m .°C]

hi: convection heat transfer coefficient of inside air [W /m?2.°C]

ho: convection heat transfer coefficient of outside air [W /m?2.°C]

The value of hi when forced convection by using evaporator fan (30-100) is taken 60 as

[W /m?2.°C]

The value of ho when free convection inside room is taken as 9.3 [W /m?2.°C]

Table (3.1) show thickness and thermal conductivity of wall construction

Table3.1: wall construction:

Name of layers Layer | Thicknessmm | k [W/m?2.°C]
Sheet of iron 1 0.7 59
polyurethane 2 70 0.036

Sheet of plastic 3 3 0.5
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u =

U =0.507 [W/m?2.°C]

3.4.2 Cooling load calculation:

Q total= Q envelop + Q product + Q packing

3.4.2.1 Q envelop:

The heat gain in freezer is due to heat transfer through walls(door, right wall, left wall

behind wall , bottom wall, upper wall)

Q wall right = U*A*(Tout - Tin)

Where :

A: outside surface area of the wall [m?]

U: the overall heat transfer coefficient [W /m?.°C]
Ain: inside area for chamber

Aout: outside area for chamber

tin : temperature in side refrigerator =-20°C

tout : temperature un refrigeration space = 35°C

Q From wall
Q wall door:
Q Wall goor =U*A*AT
Q wall goor= 0.507*(0.54*0.83) *55
Q wall goor= 12.49 W
layer 2
Q From behind
Q benind = Q wall door layerl
Q behind = 12.49 W

layer 3

Figure 3 3 wall
construction door
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Q From left :

Qrert =U*A*AT

Qi =0.507*(0.40*0.83) *55
Qrert =9.25W

Q From right

Qright = Q left

Qrigt =9.25W

Q from upper wall

Qupper =U*A*AT

Q wpper = 0.507*(0.40*0.40) *55
Qupper =446 W

From bottom

Q bottom = Q top
Q bottom = 4.46 W

Q envelop total =52.5 W

3.4.2.2 Q product :

The heat gain from product

Qp=Qi1+Q2

When ;

Q1 : Heat required to cool the product from initial temperatures to desire temperatures.
Q2 : The latent heat freezing.

Cp: Specific heat for apple

tin - Temperature of apple cooling = 3°C

Time cooling : The time required to have sit point (exp ) = 3600 [s]
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_ mass apple

Q: *Cp apple * (T out— T in)

" time cooling

Q1= —>*364*(35- 3)

"~ 3600

Q1=0.017 W

_mass apple
Q=——7——
time freezing

Where

g fusion : T he fusion energy gain factor

* g fusion "latent "

Time freezing: The time required to have set point (exp ) = 7200 [s]

Q2= —= * (0.334

7200
Q2=2.3*103W
Qp=0.0193W

3.4.2.3 Q packing

The heat gain from packing

mass alaminum

I c *(T T,
Q packing time cooling P AL ( out m)

Q packing = ﬁ *0.22* (35 - -20)

Q packing = 3.36*10-3 wW
Q packing = 0.0336 W

Q fan motor
The heat gain from fan motor
Q=25W

Totalq=Q products +Q envelop + Q packing + Q motor

Q total = 77. 26 W
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Add 30% Qr as a factor of safety

Q7= Q total *1.3
Qr=72.26*1.3
Qr=100.43 W

3.5 Calculation of freeze drying stages :-

3.5.1 Calculation the time of freezing (te):-

We choose the apple to determine approximate time we want for process:-
The freezing time (te) is approximately given by below equation [18]:
Ah

te = g

d2
ATp (57 + e
Where:-
te = freezing time;
Ah = enthalpy difference between the initial freezing point and the final temperature;
AT = difference of temperature between the freezing point and the cooling medium;
d = thickness of the product parallel to direction of prevailing heat transfer;
p = density of the frozen product;
A = thermal conductivity of the frozen product;
Ksu = surface heat transfer coefficient between cooling medium and the freezing zone.
Ah = h@0°C — h@ — 20°c
Ah = 3.69k] /kg — 1.95k] kg = 1.74k] /kg
AT = —20 — (—25) = 5°c
d =0.01m
p = 845 kg/m3
A =0.427 w/m°c
Ksu=496.8 k] /m? h°c
Then:-

te = 2 hour

31



3.5.2 Calculation the time of primary drying (tmd):-

The time of the main drying "primary drying" (approximately) part of the freeze-drying

cycle given by equation below [18]:-

péLSAmd
tmd = 1 P 7]
th[(l{tot) + (ﬂ) + (ZLS b/u) ]
where :-

p = density of the frozen product (kg/m?3);

& = part of water (kg/kg);

LS = sublimation energy (2.805kJ/kg);

Ttot = temperature difference (Tsh-Tice);

Ktot = total heat transmission coefficient from the shelf to the sublimation front of the ice;
A = thermal conductivity of the frozen product;

d = thickness of the layer (m);

Am = content of frozen water=0.9

b/u = permeability (kg/m h mbar) for water vapor through the dried product.
p = 845 kg/m?3

& = 0.504 kg/kg[18]

L5=2.805 kJ/kg[18]

Ttot = 1.5 — (=20) = 21.5°C

Ktot = 144.9 kg/m? h °C

A =0.427 w/m°C

d =0.01m

Am =09

b/u = 0.013 kg/m h mbar
imd = 10.75

21.5 % [(0.0069) + (0.012) + 0.137]
tmd = 4 hour
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3.5.3 Calculation the time of secondary drying (SD):-

To calculate the secondary drying time (SD) (approximately) we want to determine the
desorption of water vapor in per cent of solids per hour (DR) that calculated by below
equation[18].

DR = 289(Vcn/ms,)(dp/dt)

Where

DR = desorption of water vapor in per cent of solids per hour;
V., = chamber volume (L)

dp = pressure rise (mbar)

dt =time of dp (s)

mg, = mass of solids (g)

T[ 2
VCh=Z*D *L

Where:

D: diameter of the chamber(m)
L: length of the chamber(m)
Vep =7 % 0.12 % 0.155*1000

Ve = 1.2L
dp@ — 20°C =0.032 mbar from table 2.1
dt = 5 sec
mg, = 1000g
DR — 289( 1.2 ) . 0.032
1000 2
DR =3.5%/h

The most last study's say the residual water in apple after mean drying is 3%_10%
We suppose in the project the residual water is 10%

Then the time of secondary drying is:-
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W = m = 2.8hour

h

Sp = (10%) 10%
SD =2.8 hr

The total time of processes = time of freezing + time of primary drying + time of secondary
drying

The total time = 2+4+2.8 = 8.8hours
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3.6 calculation of refrigeration cycle :

This calculations by cool back:

Refrigerant:

R600a Data:

Te [°C] =  -20.00
Tc [°C] = 40.00
Calculated [kJ/kd]:

Qe [kI/kg] = 241.099
Qc [kJ/kg] = 317.159
W [kJ/kg] = 76.060
COP [-] = 3.17
Pressure ratio [-] = 7.364

Calculated [k :

Qe [kw] = 0.100

Qc [kw] = 0.132

m [kg/s] = 0.000414
77

V [m"3/h] = 0.7354

Volumetric = 0.00

efficiency

Displacement [m"3/h] = 0

W [kw] = 0.032

Q loss [kW] = 0.000
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Refrigerant: R600a

Values at points 1-6,15 for the selected one stage cycle

Point T P \% h S
[°C] [bar |[[m3/kg] |[kJ/kg] |[kI/ (kg
1 K)1
1 |-15.000 |0.7280.492477 536.281 [2.3353
2 141.323 |5.359|0.073388 612.342 [2.3353
3 41.323 5.359 0.073388 612.342 [2.3353
4  140.000 5.359 N/A 295.182 N/A
5 [-20.000 | 0.728 N/A 295.182 |N/A
6 [F15.000 | 0.728 [0.492474 536.281 [2.3353
15 N/A 5.359 N/A 295.182 N/A
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3.7 R600a Refrigerant
R600a is the common name for high purity isobutane (C4H10) suitable for use

in the refrigeration and air conditioning industry.

Advantages of R600a
e Zero ozone depletion potential
e Very low global warming potential (~4)*
e Excellent thermodynamic properties leading to high energy efficiency
e Good compatibility with components

e Low charges allowing smaller heat exchangers and piping dimensions

Common applications R600a

has a number of applications. It is most suited to high and medium temperature
applications. The most common applications are for use in domestic refrigeration
(refrigerators and freezers), with over 250 million units using the product. Other

applications include small display cabinets and vending machines.
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4.1 Introduction

This chapter will talk about electrical circuits and control methods during this
project , as talk in previous chapter about what parameters want to control in the main

components of the system .

4.2 Controller :

To monitoring the process , display of the value of sensor, alarms management

and actuators control.

4.2.1 Programmable Logic Controller (PLC)

The PLC FATEK,FBs-24MAR2-AC show fig 4 1. receives information from
connected sensors or input devices, processes the data, and triggers outputs based on
pre-programmed parameters.

Depending on the inputs and outputs, a PLC can monitor and record run-time data such
as machine productivity or operating temperature, automatically start and stop
processes, generate alarms if a machine malfunctions, and more. Programmable Logic
Controllers are a flexible and robust control solution, adaptable to almost any

application.

Figure 4 1 plc fatek
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4.2.2. Temperature controller:

Is an instrument used to control temperatures, mainly without extensive
operator involvement. A controller in a temperature control system will accept a
temperature sensor such as a thermocouple or RTD as input and compare the actual
temperature to the desired control temperature, or set point. It will then provide an

output to a control element.

In this project used temperature to convert digital signal to analog signal then take to

plc show fig4 2 .

7

.HdH

Figure 4 2 Temperature controller
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4.3 flow chart for the process

A flowchart is a type of diagram that represents an algorithm, workflow or
process. The flowchart shows the steps as boxes of various kinds, and their order by
connecting the boxes with arrows. Flowcharts are used in analyzing, designing,

documenting or managing a process or program in various fields show fig 4 3, fig 4 4.

cooling

l

) freezing
cooling

.

vacuum

freezeing ¢

defrosting

l

vacuum & defrosting

heating

=
-
—
———

Figure 4 3 flow chart
for the contrl system

Figure 4 4 flow chart
for the process
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4.4 Control of cycle using PLC

There are two mods used in the project to control is automatic mode and manual
mode:
1) Manual mode
In manual mode every parts work alone from switches on electrical panel
2) Automatic mode
When select the automatic mode by select switch on electrical panel

The device will work as plc program

PLC program

1) The compressor and evaporator fan will work together immediately when select
automatic mode

2) Temperature sensor measure the temperature to stay at 1°C.

3) Then refrigeration cycle working for 1 hour to decrease temperature of chamber
to -20 °C.

4) When temperature reach to -20 °C the refrigeration cycle off and vacuum pump
work for 5 hour to save constant pressure (5 mbar ) .

5) Start defrosting until temperature exceed to 1°C

6) Then starting heating to "27°C" and vacuum™2 mbar" this process up to 3 hour.

7) After end this processes the system off and selector open .

4.5 Programming

This is most important step in the project, to make PLC work we must build a
program and download it to the PLC , the designer need to transfer what he thinks to
the program to make any controller work right, and this is what we do, where we used
Fatek PLC we must use Fatek software "win proladder” to build our program show fig
4 4  fig4 6.
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4.6 Power circuit:

The circuit | phase 220 v have 4 contactors and 2 over load show fig 4 7.

K1 K2

Over Load

o

Evaporatar fan COMPRESSOR

Figure 4 7 POWEr circuit

4.7 Sensors:

[ G | owwdl C

’

compressor
(vacuum pump)

K3

K4

24VDC

Transformer

e w
1~ Selector

Defrost

Sensors are used to send actual values of the parameters in the process to PLC

memory, in this project we used group of sensors with varies types, characteristics and

functions .At follow we show these sensors and its positions in the system .
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4.7.1 Temperature sensor (thermo couple ):

We show that the most important parameter in system is temperature . and we
must keep temperature in the system and condition process at set value so to do that we

used temperature sensor for control show fig 4 8.

Figure 4 8 thermo couple

4.7.2 Pressure sensor

A pressure sensor is a device that detects a force exerted on a surface (pressure)
and converts it to an electronic signal whose strength is relative to the strength of the

force. Pressure sensors can also be used to measure the force exerted show fig 4 9.

Figure 4 9 Pressure sensor
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4.8 Electrical component :

4.8.1:Contactors

A contactor is an electrically-controlled switch used for switching an electrical
power circuit. A contactor is typically controlled by a circuit, which has a much lower
power level than the switched circuit, such as a 24-volt coil electromagnet controlling
a 230-volt motor switch show fig 4 10.

Figure 4 10 contactor

4.8.2 Overloads

An electric overload occurs when too much current passes through electric wires.

The wires heat and can melt, with the risk of starting a fire show fig 4 11.

i
- . I

@D I9

Figure 4 11 over load
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4.9 Switches

The prototype have tow types of switches

4.9.1 Emergency switch

Figure 3.12 shows the emergency switch. An Emergency switch is
defined as a fail-safe control switch or circuit that, when de-energized, will stop
the operation of associated equipment and will shut off all potential hazards
outside the main power enclosure. Emergency switch, or “EStops”, are a special
type of pilot device that perform the emergency shutdown operation on a
machine or electrical system. In this project

Figure 4 12 Emergency switc

4.9.2 Selector switch

Figure 3.13 shows the switch that have been used in the
system. Switch is an electrical component that can "make" or
"pbreak™ an electrical circuit, interrupting the current or

diverting it from one conductor to another, in the system there

is two switches, one for reset and the other is for turn on the

system or turn it off

Figure 4 123 Selector switc
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Chapter 5
Prototype design

5.1 Introduction
5.2 prototype components
5.2.1 Refrigeration cycle components
5.2.2 Vacuum system
5.2.3 Heater
5.2.4 air selector:
5.3 Results after build the prototype

5.4 Recommendation
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5.1 Introduction

After design the refrigeration system theoretically and identify requested that
is needed for the process, the parts of refrigeration system are assembled with
accessories to build the prototype show fig 5 1.

5.2 prototype components

The prototype have many components consist from:-
1) Refrigeration cycle
2) Vacuum system

3) Defrosting

4) Air selector

Figure 5 1 freeze drying devive
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5.2.1 Refrigeration cycle components

In this project, the simple refrigeration cycle is used to freeze the product until -20 C
for (fist process).

Refrigeration cycle is the vapor-compression refrigeration cycle, where the refrigerant
is vaporized and condenses alternately and is compressed in the vapor phase.
Refrigeration cycle used to transfer heat from a lower temperature region to a higher
temperature region. Transfer heat from inside chamber from product then reject heat to
outside chamber this process need work which electrical compressors supply figure 5.2
explain.

All calculation and energy for this cycle include in chapter 3 (calculated by software).

WARM
environment

Z:

Condenser |

i Expansion ‘ Win

valve  Compressor

—  LEvaporator

l Or

th B o~

COLD refrigerated

space

Figure 5 2 explain basic refrigeration cycle
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Energy analysis for the chamber to explain when energy out and energy in see
fig 5.3.

Qu: the energy need to freeze product.
Qw: the energy rejection from the cycle

Win: work for cycle (compressor)

The basic refrigeration cycle have main four components as shown in figure 5.3 .

2L
Freezer Evaporator Capillary
compartment coils tube
3 QL >
-18°C

[l

Condenser

—7coils
-

B

Compressor

Figure 5 3 Energy analysis

5.2.1.1 Compressor

Using a small hermetic compressor model. For a hermetic unit of fixed design, the
performance is governed by the following parameters figure 5.4.

1. Refrigerant type

2. Inlet temperature
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3. Inlet pressure
4. Outlet pressure
5. Line voltage

6. Line frequency

Danfoss u2~

TR
e T TR
TO105H

léss0

Figure 5 4 compressor

5.2.1.2Condenser

The condenser rejects heat from the refrigeration system that the evaporator
absorbed and the compressor pumped. The condenser receives the hot gas after it leaves
the compressor through the discharge line and is forced into the top of the condenser
coil by the compressor figure 5.5 show the condenser that used in project.

The type of condenser air-cooled heat exchanger (free convection) of fixed
design, the performance is governed by 3

I. Refrigerant flow rate oY

2. Refrigerant inlet state :

3. Air flow rate

4. Air inlet state

Figure 5 5 condenser

5.2.1.3Evaporator

The evaporator absorbs heat into the system. When the refrigerant is boiled at

a lower temperature than that of the substance to be cooled figure 5.6.
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The type of evaporator is air heat exchanger of fixed design the same heat
exchanger, the performance is governed by

I. Refrigerant flow rate

2. Refrigerant inlet state

3. Air flow rate

4. Air inlet state

1\‘
‘ ““‘”;"“‘“\','ﬁ'u?““‘l
",t ,,r ‘“‘“ ‘“"‘n‘
"l r o ““v
[ " “m ‘

!
$ v
e e

Figure 5.6 evaporator

5.2.1.4Throttling device "*Capillary tube"

The capillary tube is a metering device which holds back the full flow of
refrigerant and is the dividing point between the high pressure and low pressure sides
of the system. Can choice the diameter for capillary tube by the capacity of compressor,

the diameter that used in the project is 0.5mm figure 5.7.

Figure 5 7 capillary tube

5.2.1.5Auxiliary components of refrigeration cycle

Filter dryer

It filters the dirt and iron particles from the refrigerant. Some filter Dryer

have moisture absorbent materials like, Silica gel or synthetic silicates, which
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removes moisture from the refrigerant. The filter/dryer protects the compressor by
restricting and filtering the impurities and moisture contents in the refrigerant

figure 5.8.

Figure 5 8-filter dryer

5.2.2 Vacuum system
5.2.2.1 Vacuum pump

In the project, we use reciprocating compressor as vacuum pump to reduce the

pressure in the chamber figure 5.9.
The specifications of the vacuum pu.mp is

1. Phase number 1 PH
Voltage/Frequency (V/Hz) 220V 50Hz
Displacement (cm3) 6.65
Diameter (mm) 22.0
Stroke (mm) 17.47

ok 0N

Figure 5 9 Vacuum pump

5.2.2.2 Vacuum chamber:

The vacuum chamber using to contain the product. Chamber made from Aluminium
because its have high thermal conductivity and the chamber takes cylindrical shape
volume 11.77 cm? as figure 5.10.

In ports of chamber:
1. Vacuum pipe
2. Pressure sensor pipe
3. Temperature sensor
4. Selector pipe.

54



Vacuum pipe —

Pressuer sensor pipe *\

15.5cm

Selector pipe —_

Figure 5 20 vacuum chamber

5.2.3 Heater
The heater used in secondary drying to remove the bound water from the
product figure 5.11.
Heater specifications is.
1. Watt rating 725 W,
2. Single tube,
3. High heat capability
(Compatible exact
replacement part)

Figure 5 11 Heater
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5.2.4 Air selector:

Used to control in pressure by multiple inlets and outlets. In the project

used increase the pressure in the chamber when take the commands from PLC figuer5.12.

Figure 5 12 Air selector
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Chapter 6

Results & recommendations

6.1 Introduction

6.2 Results after build the prototype

6.3 Recommendation
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6.1 Introduction:-

After build the prototype, several experiments tried on apple fruit. to have the
best form as possible and the best performance of the device. In addition, will show

results and recommendation in this chapter.

6.2 Results after build the prototype

Several experiments conducted on an apple sample and some fruits and appeared the
following results.
1) The mass of product reduced to 83% with change in colour.

2) The product after dehydration was brittle
3) The pressure reach to 10-kpa figuer6.1.

Figure 6 1 vacuume sensor

4) The temperature reach to-21°C figure 6.2.

EeH

Figure 6 2 thermostat

5) The loading time 45 minute.

6) The freezing time 30 minute.

7) Time of primary drying 5 hour. If this time increased, the percent of dried
water from the product will increase.

8) Time of secondary drying 3 hour. To have product with better quality the time

of secondary drying must increase.
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9) Total time theoretically of this process is 10 hour, and by experimental
Approximately 9, hours are enough to produce the product with good
specifications, but if we want to increase the quality, we need to increase this
time.

10) The shape of product before and after drying show as figure 6.3 & 6.4 .

Figure 6 3 product befor freezeing Figure 6 4 product after freeze drying processe

6.3 Recommendation

1) The chamber tray should be made from material that does not effect on foods quality
such as Aluminum

2) The wall of the chamber must be high thermal conductivity because it maintains the
quality of the product and speeds up the process

3) Evaporator should be wrapped around the chamber. This method is better than placing
the evaporator at one side

4) Use methods to speed up the freeze so it maintains product quality such as fan

5) Product thickness should not exceed to 1.5cm
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Table A-1 specific heat of capacities

J/kg/°C || calVg/°C
Substance or J/kg/K||lor cal/g/K
Water (0 °C to 100 °C)|| 4186 1.000
Methyl Alcohol 2549 0.609
Ice (-10 °C to 0 °C) 2093 0.500
Steam (100 °C) 2009 0.480
Benzene 1750 0418
Wood (typical) 1674 0.400
Soil (typical) 1046 0.250
Air (50 °C) 1046 0.250
Aluminum 900 0215
Marble 858 0.205
Glass (typical) 837 0.200
Iron/Steel 452 0.108
Copper 387 0.0924
Silver 236 0.0564
Mercury 138 0.0330
Gold 130 00310
ILead 128 0.0305

Table A-2 Recommended Refrigerant Velocities

Line Refrigerant Recommended Velocity

(m/s)

Suction R12 R22 8-12

R-134a 10-20

Discharge R12 R22 10-18

R-134a 12-25

Liquid Between R12 R22 1-1.25

Condenser and R-134a 05-0.7
Refrigerant

Discharge and suction R12 R22 0.3-0.5

with pump in system R-134a 06-1.2

Table A-3 Dimensions and physical Characteristics of Copper Tube ACR (Air —
Conditioning and Refrigeration Fields Service).
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Hurrlnal Dimensions, inches Calculated Values (based on nominal dimensions)

Inside wall
D|ameter Diameter | Thickness

174 0315 0.07& 0.126 0160

DLoD162 0215
_----_-__
000335 0.0252

1174

0.0215 0.16125

6810

o1e 1Z2.000 10.600

10.200 11300

10,125

Table A-4 Modified correlation of grim son for heat transfer in tube banks.

128 15 A} 30
5
+ c n c » c n c "
In line

1.25 0386 0.592 0.305 0.608 A 0.704 0.0703 0.752
15 0.407 0.586 0.278 0.620 oz 0.702 0.0753 0.744
2.0 D464 0.570 0332 0.602 0.254 0632 0.220 0.648
10 0.322 0.601 0.3%6 0.584 0.415 0581 0317 0.608

Staggered

0.6 — — - — —_ - 0236 0.636
0.9 _ s s o 0.495 0.571 0445 0.581
Lo — - 0.552 0.558 — — — s
1125 — — - — 0.531 0.565 0575 0.560
1.25 0.575 0.556 0.561 0554 0.576 0.556 0579 0.562
L5 0.501 0.568 o5 0.562 0.502 0.568 0.542 0.563
20 0.448 0572 0.462 0.568 0.53% 0.556 0.498 0570
30 0.344 0.592 0.395 0.580 0.488 0.562 0.467 0.574

Table A-5 Properties of air at atmospheric pressure.
Table A-6 ratio of N rows deep to that for 10 rows deep

0.680.75]0.83]0.89|0.92|0.95 | 0.97 |0.98 | 0.99
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0.64 | 0.80 | 0.87 | 0.90 | 0.92|0.94 | 0.96 | 0.98 | 0.99 | 1.0

Specific Heat Capacity

gﬁ Dynamic Thermal Prandtl \% &% Densityl)  Diffusivity
Tempﬁrature Heats VIS_C;?I(}[ CO'QdLlCtiVi Number N v_; o - __Ea -
o . (é;c:, ) (105 kg/m s) (10™ kW/m K) pr ( r::-g/s) (kg/m?) (10° m?/s)
(kJ/kgK) (kJ/kgK)

175 1.0023 0.7152 1.401 1.182 1.593 0.744 0.586 2.017

200 1.0025 0.7154 1.401 1.329 1.809 0.736 0.753 1.765 10.17

225 1.0027 0.7156 1.401 1.467 2.020 0.728 0.935 1.569

250 1.0031 0.7160 1.401 1.599 2.227 0.720 1.132 1.412 15.67

275 1.0038 0.7167 1.401 1.725 2.428 0.713 1.343 1.284

300 1.0049 0.7178 1.400 1.846 2.624 0.707 1.568 1.177 22.07

325 1.0063 0.7192 1.400 1.962 2.816 0.701 1.807 1.086

350 1.0082 0.7211 1.398 2.075 3.003 0.697 2.056 1.009 29.18

375 1.0106 0.7235 1.397 2.181 3.186 0.692 2.317 0.9413

400 1.0135 0.7264 1.395 2.286 3.365 0.688 2.591 0.8824 36.94

450 1.0206 0.7335 1.391 2.485 3.710 0.684 3.168 0.7844

500 1.0295 0.7424 1.387 2.670 4.041 0.680 3.782 0.7060

550 1.0398 0.7527 1.381 2.849 4.357 0.680 4.439 0.6418

600 1.0511 0.7640 1.376 3.017 4.661 0.680 5.128 0.5883

650 1.0629 0.7758 1.370 3.178 4.954 0.682 5.853 0.5430

700 1.0750 0.7879 1.364 3.332 5.236 0.684 6.607 0.5043

750 1.0870 0.7999 1.359 3.482 5.509 0.687 7.399 0.4706

800 1.0987 0.8116 1.354 3.624 5.774 0.690 8.214 0.4412

850 1.1101 0.8230 1.349 3.763 6.030 0.693 9.061 0.4153

900 1.1209 0.8338 1.344 3.897 6.276 0.696 9.936 0.3922

950 1.1313 0.8442 1.340 4.026 6.520 0.699 10.83 0.3716

1000 1.1411 0.8540 1.336 4.153 6.754 0.702 11.76 0.3530

1050 1.1502 0.8631 1.333 4.276 6.985 0.704 12.72 0.3362

1100 1.1589 0.8718 1.329 4.396 7.209 0.707 13.70 0.3209

1150 1.1670 0.8799 1.326 4511 7.427 0.709 14.70 0.3069

1200 1.1746 0.8875 1.323 4.626 7.640 0.711 15.73 0.2941

1250 1.1817 0.8946 1.321 4.736 7.849 0.713 16.77 0.2824

1300 1.1884 0.9013 1.319 4.846 8.054 0.715 17.85 0.2715

1350 1.1946 0.9075 1.316 4.952 8.253 0.717 18.94 0.2615

1400 1.2005 0.9134 1.314 5.057 8.450 0.719 20.06 0.2521
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http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html
http://www.engineeringtoolbox.com/specific-heat-ratio-d_608.html
http://www.engineeringtoolbox.com/specific-heat-ratio-d_608.html
http://www.engineeringtoolbox.com/specific-heat-ratio-d_608.html
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1500 12112 0.9241 1.311 5.264 8.831 0.722 22.36 0.2353

1600 1.2207 0.9336 1.308 5.457 9.199 0.724 24.74 0.2206
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PREUSSER SENSOR

Panasonic INSTRUCTION MANUAL

DP-100 Series

High-pararmanca Digital Display

LML -DF 00 V1
Thark yau far purchasing products from Fanasanic Electric Wirks SUINX
G, Ly Ploase read this Instruction Manual carafully and thoroughly far
the comect and optimum =a of this praduct, Kindly keep this manual in a
conyenar placa for quick raterance

/M WARNING

« Maver usa this product as & sensng device for persannel prateation

* |ni casn af using sansing dewces far parsonnel protnchon, se
praducts which meat [aws and standards, such as QSHA, ANS| ar
IEC mba, for personnal protection applicable in aach megion or
oouniry,

« P00 series i dosigned far usa with non-cofroeive gas. It cannot
b used far liquid ar corrosive gas

* Japarase Measurement Laws probibit the usa of this peodiet in

dapan

[l cAuTIONS

& Thia product has bean devaloped | produced Tor indusinal use only

& Ui within tha raled prassure ranga

® Do not apply pressire exceeding he pressufe resstance value, The
diaphragm will he damagad resulting in &ty oparabon

® Make sune that the power supply s off while siring.

] In-:n'rm.'.mrlm; will dll‘llll;ﬂ the sermar,

& Varily that (he sugply vakage induding tha ripoke (s wilkin the raing

& Il powar s supplied rem a commercial I'A’||.Ul'l||'llj fH_ILl!ILh'. enaure thal

thie frame ground (F .G} termnal of tha powss suply (8 cofnactad 1o an
actual grovnd

® In case noise jenenkng Eequi prmenl |1M‘|Il:|'|I‘1|§ rul?..l-lﬂll:lr. Inverer mokar,
ate. | is used in the vicinity af this sansor, connect the frame ground (F G
snrminial of the aqupmant o an acual ground

#® Do nal I.ﬂ-l!ldIJhl‘H_l It iralical fra sl e | i §0.58) aBer he paver II..l'..IIJl:.I I8
swiichad an

® Do nol i the wires 'A'.HF"‘HI with hljh-ﬁ:ll#_ll.' ines of power |ines ar il
them in tha sama raceway, This can caisa malfunchon due o nduction

# The specification may nal be satished in a strong magnetic fiek),

& A dust, diet, ard eaam

® Take care st Iha sensce does mol come in difes] contas] wills waler, oil,
graasa, or arganic sohvants such as thinnars, aic

® Do nol inged wires, ale, nlo ke pressure @R, The daphragm il b
damagnd rosulang in failty operation

# Do nal operale the h!""".l- wilh painbad ar sham Lﬂ.l}llﬂl'.l-

® Do not sgply siress directly 1o the sensor cable joirt by forciily berding
ar puling

I3 PART NAMES
@
@ )
(%
i i
& & wW
Ho. | Part Deacripfion
@ | Output 1 opara- Lights up whan comparative output 1 s
fion indicator On
(@ | Qutput 2/analog | + Standard fype: Mghis o when
voltaga aperation comparsive output 2 s ON
indicatar * Multifunction fype lghts up when
anaing voltaga auput is DN
® | Prassurg unit dis- | Dapanding on fha modal, *MPE" or “kiPa’
play appears hara, i you 88t another prassure
uni, gttach tha appropriata labal, a.g psi
bar, afo
@ | Main dsplay Larga d-charsciar LED desplay
@ | Sub-deplay Small d-character LED display
# | Mede salaction For datails, see page J, saction 8,
by SELECTIMG MODES
@ | Upkay Ircreases valus baing sat
@ | Down key Dacragsas value being sat
® | 4-pin mala con- Sea “Pin assignmant, 4-pin male connac
nachor for' on paga 2
i@ | Prassure port « DP-100 type: A1 + M5 famale screw
+ OP-100-E type: GUR  + WA famale
BCTEY
¢ DP-100-M typa: M5 femalio scraw
« DP-100-M typa: NPT18 = M5 famale
BCTEY
PIPING
Use & 12mm and wranch | 14mm foe DP-100-E typa) whan lighiening a
commercial couphar ho tha pressure port. The lghtaning torque should be
B8N m or lass (M5 female connector: 1M m oF less). The commercial
couplar of pressurs por seclion will ba demaged if the lightening iormue s
excaaaive
Wrap saaling tape arcund (he coupler whan connecting o prevent leaks
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FATEK PLC

Training Box

Specification

FBs-TBOX

(asp Alurnlnum suitcase. Dimension ks 46x32x16cen. Top cover and box body can be separated.
Power supply 100=240WAL / 24 fuse f power switch with Indicator
PLC Fis-2aMCT {transistor output)+FBs-CM25E(Ethernet communication module)
Programmer FP-08 handheld prodgramming panel, can develop prograrm, manitor (aptional)
Programming Winproladder Instructor site: WinProladder with ' teaching assistant’ utility
too Programming
Saftware Student site: WinProladder
Built-in Partd fi5 232 Mini-DIN
Communication Port]
board|CB) R5232 or RS485 selectable, directly mounted on FBs-24MCT main unit
Communicaton {aptional} Port2
e Port3 R5232, standard DB-9F connecton
FBs-CM25E Partd RS4ES, 3-pin European terminal block
(Porid) Ethernet 10 Base T, IEEE BOZ.3 standard, Use portd to interfage PLC maln unit
Input interface Banana terminal and simulation switch with automatic and manual reset functions
Output intertace Bammtijrn:al, 10 poinits. Transistor output{Y0-Y3). Al outputs buffer with discrete relay before come to teminal,
11 also provide a direct output terminal for high-speed pulse output (HSPS0) application.
Expansion module (ogtiona) Secured by DIN Rall, 12 5¢m wﬂemtanmm:meelm thin modules or ather modules with equivalent
Display modulg 4 digits -segment display module, attached with BCD decoding cireuit
Thumbiwheel switch 4 digits BCD thumbwheel switch module
Applcaton keyhioard module 4 x4 matrix keyboard module (Wiring coordinate with convenient instruction)
peripheral Encoder Power supply 24VDC, 200P/R, open collector, A/B phase
Stepping motor Pules/DIR contral, 200°/R
LED display 100f 10mm§@ high-brightness LED (in red, yellow, and green), driven individually by Y0 to Y9
Mumber of linked stations Maximum 254 stations (1 station for instructor, 253 stations for student)
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THERMO CAPLE

Y TEMPSENS

TYPE J THERMOCOUPLE

Type ] thermocouple is a very common and general purpoze thermocouple. It has smaller
temperature range and a shorter lifespan at higher temperatures. It consist of pouitive leg
made of an Iron wire and negative leg made of an Constantan ( Copper-Nickel ) alloy wire.
Due to the Curie Pomt of the iron at 770 °C Type J has a limited temperature range of -40°C
to 750°C.It should not be used at high temperatures in an oxidizing atmosphere as iron
undergoes a molecular change and permanently loses its standard voltage output versus
temperature. It does not recover when the iron 15 cooled. Type J has sensitivity of approx 50
microvolts/ degree C .The expenses and reliability of Type J 1s same as Type K. For proper
working of J Tvpe thermocouple reduction atmosphere 12 desired and use at low temperature
12 also not recommended.

J-Type

o ron

In J Type thermocouple lineanity varies by -70°C over its full range from -210°C to 1200°C
Jt has a very straight section from 100°C to 500°C which deviates at about -0.5 *C. The
lower & higher ranges can be extended with a lozs in lineanty.

AMERICAN JAPANESE
THERMOCOUMLE INTERNATIONAL 10 0
CONDUCTOR ANSI/MC96.1 J5.€ 1510-1981
COMBINATION COLOUR CODE
TYPE” TO IEC 5843:1989 5

8
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Why To Prefer J Type Thermocouple:-

Among all types of thermocouple Type J 15 the cheapest thermocouple.

J Type thermocouple gives ImV output for 18 degree C.

Useful in reducing atmospheres.

If ] Type 15 protected by compacted mineral insulation and appropriate outer sheath, it
12 uzeable from 0 to 816°C, (32 to 1500°F). It 15 not susceptible to aging in the 371 to
538°C, (700 to 1000°F) temperature range.
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