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ABSTRACT

Freeze drying is one of the most advanced drying technologies for food
processing and preserving using temperature under 0°C or under the freezing
point, and pressure of drying chamber environment under 4.58mmHg to
process foods. This method helps to maintain the initial quality of proteins,
lipids, carbohydrates, vitamins, bioactive substances and sensory
activities... In this study, the calculation and design were carried out to find
suitable technology parameters to make the freeze drying system in which
the freezing process occurred inside the freeze drying chamber. Heat was
transferred by short wavelength thermal radiation, A = 50x10° m. As a
result, time of freeze drying had been shortened to 13.33h/batch. The system
was successfully manufactured, showed the steadily working, producing the
high quality products, and reduced products price. In the conditions of
Vietnam, the freeze drying system replacing that of other countries is the
indispensable factor to apply for processing and preserving foods.
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1. Introduction

Food drying is the process of water removal from food by evaporation to reduce food weight and
transportation costs, increase sensory value, durability or prolong shelf life [1], [2]. In freeze drying
technology, a process of moisture separating to dry food is carried out at the temperature and pressure
lower than those of the triple point — 0.0098°C; 4.58mmHg, respectively, see Figure 1 [3].
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Figure 1. Diagram of phase status of water

Quality of post-freeze drying products is maintained as initial. For example, vitamins, bioactive
substances and essential amino acids are not destroyed; natural pigments, odors, taste and texture are
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well-maintained; lipids, carbohydrates and proteins are not oxidized, gelatinized or denatured,
respectively [2], [4], [5].

However, freeze drying technology is complicated, then equipment and technology of the freeze
drying are often imported from other countries, which leads to the high cost of products. Thus, the study
on calculating, designing and manufacturing of the freeze drying system suitable for Vietnam's
conditions needed to be carried out. The system is necessary to replace imported freeze drying
equipment and technology in the food processing industry in order to preserve valuable products [3, 6].

2. Materials and Methods
2.1. Fundamentals of Freeze Drying

To calculate, design, and manufacture the freeze drying system, the initial data were needed such as
equipment capacity, freezing and drying temperature, drying pressure, freezing and drying time,
temperature of water crystallization in moist materials, moisture content of raw materials and products,
mass of evaporating moisture during freeze drying and vacuum drying. To simplify the calculation,
design and to guarantee the model generality, the initial data were collected from a certain process to
freeze dry the unique product being successfully studied [3], [7], [8], [9]. Thus, in this study, the
successfully studied freeze drying process of Penaeus monodon was used to calculate, design and
manufacture the freeze-drying system DS-3 [10].

The freeze drying process of Penaeus monodon is through three stages.

®  Stage 1: Penaeus monodon as the moist material is frozen. This stage makes water inside the
shrimp change from liquid to solid state. This stage will be stopped when the temperature of the frozen
moist material reaches the optimal value, and all of the water inside the shrimp has been crystallized
[10], [11].

®  Stage 2: the freeze drying stage, the frozen Penaeus monodon in the Stage 1 is placed inside the
chamber, in which temperature and pressure are lower than those of the eutectic point O (respectively,
0.0098°C; 4.58 mmHg). It means that the temperature of the moist material and the pressure of the freeze
drying chamber are lower than the crystallized temperature (Tcy = 0.0098°C) and pressure (4.58mHg).
At that time, frozen water in the moist material has been changing from the solid phase to the vapor
(gas) phase. This stage will end when the temperature of the moist material reaches 0°C (exactly
0.0098°C), and the free water in the moist material has been completely separated. Little of it is separated
in the Stage 3 [10].

=  Stage 3: the low temperature vacuum drying, the main purpose of this time is to separate the
rest of free water in the material of the post-freeze drying stage. This time will end when the moisture
content of the product reaches the 2 + 6%, or the thermal equilibrium occurs, the temperature of the
moist material, drying chamber and heat transfer plate are equal [10].

2.2. Methods of Calculating, Designing, and Manufacturing the Freeze Drying System
2.2.1. Requirement Initial Data for Calculating, Designing, and Manufacturing

In the freeze drying system, the freeze drying and the freezing process occurred in the only one
chamber, in which moist materials were frozen and freeze dried to make valuable products. Technology
parameters of the materials and the drying process had to be clearly identified from experiments.
Therefore, before calculating, designing, and manufacturing, experiments were conducted to determine
those technology parameters. The summary results were described in Tables 3, 4 and 5.

2.2.2. Scientific Fundamentals of Calculating, Designing, and the Freeze Drying System

a. Calculating the System to freeze the Moist Materials at the Stage 1

®  Calculating size of the freezing chamber. The freezing chamber is also the freeze drying
chamber designed in the shape of a rectangular box. Its volume was calculated by the equation (1):
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Vbl = éﬁ— =a.b.h, md 1)
0

Where: G (kg/batch): drying capacity of the freeze drying system; & (kg/m?3): specific mass of the
moist material, fo: moist material filling coefficient; p: coefficient of space containing the moist
material; a, b, h (m): width, length and height of the freeze drying chamber [10].

®  Calculating cooling capacity of the freezing system to freeze the moist material at Stage 1.
Cooling capacity of the chamber, in which the moist material has been frozen, was identified by the
equation (2):

(;nn Z[QSP +QK +Qkk +QMT +Qqn]'ﬂ1 (2)
121

Where: Qs (kJ): heat is removed to cool the moist material; Qk(kJ): heat is removed from the moist
material tray; Qu (kJ): heat is removed to cool the air inside the freezing chamber; Qmr (KW): heat
penetrates from the ambient environment into the freezing chamber; Qg (KW): Heat makes refrigerant
from the evaporator to compressors to be the superheats; f.: safe coefficient; z: freezing time.

=  Building working cycle of Freezing System to freeze the moist material at the Stage 1. A
previous study [10] showed that the cooling cycle of freezing the moist material is the 2-stage
refrigeration using R22.
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Figure 2. P-h graph of R22

From the P-h graph of R22, the working parameters of the cooling cycle in Figure 2 are shown in
Table.

Table 1. State Parameters of the 2-Stage Cooling Cycle

State h (kJ/kg) v (m?/kg) s (kJkg'K?) P (bar) T (°C)
1 383.56 0.2452 - 0.6459 -50
1’ 392.48 0.3492 1.888 0.6459 -35
2 436.44 - 1.888 3.145 39.64
3 400.20 0.0725 1.772 3.145 -13
4 446.53 - 1.772 15.315 74
4’ 417.43 0.0154 - 15.315 40
5 249.99 - - 15.315 40
6 249.99 - - 3.145 -13
7 191.27 - - 15.315 -8
8 191.27 - - 0.6459 -50

= Calculating to select a low pressure compressor
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- Mass flow rate (mz, kg/s), volume (Vi:, m®s) of refrigerant circulating through the elementary stage
compressor (low pressure compressor):

QO mn

 kg/s; and Vi = my x vy., m¥s ©)
hl - h8

m,

- Suction capacity of low pressure compressor:
Mg =hi XAy 4
Where: Volumetric suction productivity coefficient (A%) and coefficient of suction capacity affected

by temperature (A%y)

and A, = :—0 (5)
tg

1
L PoAR [[PerAR ) R -,
I PO PO

Py

In which: C = 0.03 + 0.05 dead space coefficient; Po, Py (bar) is the refrigerant evaporating pressure
and the intermediate pressure, respectively: Py = |/P;.P, , bar

- Theoretical suction volume of low pressure compressor:

V= Vi e, mi/s (6)
- Adiabatic compression capacity N
N = ma.(h2 — h;), KW (@)
- Indicator compressing capacity N*;
N% = N/ 7h , KW 8
- Friction capacity N'ys
Nims = PmsxV2/10% | KW %)
- Useful capacityN'
N%e = Ntms + N (10)

Where: n'i: indicator efficiency; Pms(N/m?): frictional pressure.

- Supplying electrical capacity N

R K (11)
T el
Where: mnq: transmission efficiency; 7 : useful efficiency.
- Electrical motor capacity N'g
Nig = ﬂXNleh kw (12)

Where: g: safe loading coefficient for motor

®  Calculating to select a high pressure compressor

The calculation is similar to that of the low pressure compressor. Where m, was calculated as thermal
balance at the inter-mediate cooling exchanger.

- Mass flow (m;, kg/s), volume (V%;, m¥/s) of refrigerant circulating through a secondary compressor
(high pressure compressor):
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h,—h
m, =m,. h2 - h7 ,kg/s and  Vi=m,xv,, m¥s (13)
3 6
- Suction capacity of high pressure compressor:

Mg =W xAS, (14)

Where: Volumetric suction capacity coefficient (1%) and coefficient of suction efficiency affected by
temperature (4%,).

1
P Py ~APy _c| P AR " _ Py 4P, and ﬂw,z = Tﬁ (15)

g tg tg k

Where: C = 0.03 + 0.0505 dead space coefficient; Px (bar) condensing pressure of refrigerant.

- Theoretical suction volume of secondary compressor

V2 = V)2, mifs (16)
- Adiabatic compression capacity N
N2 = max(hs — h3), KW 17
- Indicator compressing capacity N’
N% = N2/ , KW (18)
- Friction capacity N2
NZms = PmsxV2/108, kW (19)
- Useful capacity N%
N2 = Nms + N3 (20)

Where: 7%: indicator efficiency; Pms (N/m?): frictional pressure.
- Supplying electrical capacity N,

NZ
Tha Mel

Where: mnq: transmission efficiency; 7. : useful efficiency.

Nzel =

(21)

- Electrical motor capacity N2
NZgc = ﬂXN2e|, kW (22)
Where: - safe loading coefficient for motor.
- Total capacity of motors
Nae = Nlge + N2, KW (23)
= Calculating of Condenser
_Qc _my(h, ~hg)+ (N7 =N?)

Fo = 10°
qtr qtr (2 4)

Where: Q« (kW): loading heat; Fngt (M?): heat exchange area; g (W/m?): heat flow density.

JTE, Issue 70B, June 2022 5


https://jte.hcmute.edu.vn/index.php/jte/index
mailto:jte@hcmute.edu.vn

JTE JOURNAL OF TECHNICAL EDUCATION SCIENCE
Ho Chi Minh City University of Technology and Education
HCMUTE Website: https://jte.hcmute.edu.vn/

ISSN: 2615-9740 Email: jte@hcmute.edu.vn

= Calculating the intermediate cooling exchanger
th — ml(hS — h7)
qW.lI’ qW.tI’

F, = 103 (25)

tg

Where: (,,, (W/m?): heat flow density; Qi (kW): loading heat; Fig (m?): heat exchange area.

b. Fundamentals of Calculating the Freeze Drying System
= Calculating heat of the freeze drying chamber

- Amount of vapor water separated from the moist material (Wa, kg/s):

W, ZE[MJ, kgls (26)
7 (100-W,

Where: W1, W (%): moisture content of pre and post-drying, respectively; r = © + 3 total drying
time; 12 (s): freeze drying time; 13 (s): vacuum drying time.

- Exothermic heat of the freeze drying chamber (Q, kJ):
Q = Qun + Qon— Qmex(7, +73) = Gnx 7, + Gonx73 - K xdtxr ki (27)

Where: Qu (kJ): freeze drying heat; Qun (kJ): evaporating heat; Qm: (kJ): heat penetrates from the
ambient into the freeze drying chamber; Q (kJ): exothermic heat of the freeze drying chamber.

gth = rinxWi2, KW and Qo = ronxWiz, KW and  Wa = W12 + Wa3, Kg/s (28)

- Radiative heat area of the freeze drying chamber:

Gen , m2 (29)
Td ) Tlh )
KCyotyyd| i | —[ o
0-Cad [100) [100)

- Radiative heat wavelength:
A=nxN,xhxc/Q,m (30)

F=

Where: Tan (K): temperature of radiative plate; T (K): freeze drying temperature; n.Na: quantity of
radioactive protons; k =1.2; gq¢ = 0.854; Co = 5.67; [3]

= Calculating condensing and freezing equipment

Ql = WaXCphX(th — tn), kw ansz = Waerb, kw (31)

Q3 = WaXCan(tn — tdb), kWﬁndetl = Kngt-deantXAtngt-db, kW (32)
Capacity of Condensing and freezing equipment was calculated by the equation (33):

ch:q[r:\gtfdb] =Q1+Q; +Q3+Qpyy s KW (33)

Where: Q1 (kW): heat is removed to condense the amount of vapor water Wa; Q. (KW): heat is
removed to freeze the amount of post-condensation water Wa; Qs (kW): heat is removed to cool amount
of post-frozen water Wa; Qmu (KW): heat penetrates from the ambient; rq, (kJ/kg): latent heat of freezing
of water; ty, tn, ta (°C): temperature of vapor water removed out of the freeze drying chamber,
condensing temperature of vapor water, and freezing temperature of vapor water flowing from freeze
drying chamber to the condensing and freezing equipment, respectively.

=  Heat exchange surface area of the condensing and freezing equipment
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F _ Q?[?gt—db]
ngt-db —
qw.tr[ngt—db]
Where: Frgiap (M?): heat exchange surface area of the condensing and freezing equipment; Q™ ongt-
aj(KW): cooling capacity of the condensing and freezing equipment; Qu.rpngtds) (W/m?): heat flow
density of the condensing and freezing equipment.

, m? (34)

=  Calculating of compressors and condensers to cool the condensing and freezing equipment
Qongt_db] < Qo'+ KW (35)

Cooling capacity of the condensing and freezing equipment was determined by the equation (33).
Previous study [10] showed the cooling capacity of the condensing and freezing equipment is lower than
that of the moist material frozen process at Stage 1. Thus, the cooling system used to freeze the moist
material at the Stage 1 was used for the condensing and freezing equipment. It saves producing cost.

=  Calculating capacity of the vacuum pumps

P

gh

B-P
No =ﬁ1-ﬂz-i-|”{—gh} m?3/s (36)
Ty P

Where: V (m®) volume of the freeze drying chamber; £, f: safety and leaking coefficient of the
freeze drying chamber; B, Pu, Pgn (N/m?): air pressure, pressure of the freeze drying chamber, and
minimum pressure of the freeze drying chamber, respectively [10].

= Calculating of defrosting time of the condensing and freezing equipment

__Q, 110°

Ty = : , min/batch (37)
K.Fq-At, 60

Where: K (W/(m?K)): heat transfer coefficient of the equipment; Aty (K): logarithmic temperature
difference; Quw (KW): defrosting heat; Fng (m?): outside surface area of the condensing and freezing
equipment.

2.3. Other research methods

Carrying out research, the experimental methods were used to determine chemical compositions of
the moist material and used equipment of analysis to measure temperature, pressure, time and moisture
content of materials and products.

2.4. Designing and manufacturing methods

In this research, AutoCAD version 2018 (Autodesk Inc., US) was used to design the system drawing,
and some mechanical processing methods are used such as: milling, planing, bending, grinding,
mounding, welding and drilling... to manufacture the freeze drying system.

3. Results and Discussion
3.1. Determining the chemical compositions of the moist material

Chemical compositions of Penaeus monodon were determined by the chemical analysis methods and
shown in Table 2 [10].

The results of Chemical compositions of the materials in Table 2 indicated that they were completely
consistent with the results of Suman S., et al. [12]. Thus, these results can be used not only to identify
the freeze drying process but also to calculate, design and manufacture the freeze drying system.
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Table 2. Chemical compositions of the moist material of the Penaeus monodon in 100g material

Composition Water Protein Lipid Minerals Vitamin A and C
Content 72.31+77.29 19.25 + 23.45 1.92+2.28 1.65+2.14 425.4 + 4675

3.2. ldentifying kinetics of the freeze drying at the optimal conditions to find necessary parameters
for designing and manufacturing freeze drying system

Previous study [10] found the optimal conditions to freeze dry Penaeus monodon:

=  Stage 1: temperature of the freezing chamber and freezing time are —42.65°C and 2.57h
respectively.

®  Stage 2 and 3: temperature, pressure of the freeze drying chamber and time of freeze drying
are —42.65°C, 0.008mmHg and 2.57h respectively.

After freeze drying Penaeus monodon at the optimum conditions, the results were shown in Table 3.

Table 3. Freeze drying Penaeus monodon

Stage 1 freezing Stage 2 and 3 freeze drying and vacuum drying

Time " "2 Time A "3 4 "5 "g" "7
0.00 -42.65  25.00 0 -22 74.67 -22 760 -22 -22
0.10 -42.65  22.24 0.5 -21.65 73.87 28.87 0.008 32.91 -8.14
0.25 -42.65 9.76 1 -20.68 71.27 30.96 0.008 33 9.23
0.50 -42.65 -0.78 15 -20.15 67.34 31 0.008 33 18.87
1.00 -42.65  -2.01 2.5 -20.06 62.19 31 0.008 33 22.84

1.50 -42.65  -3.89 3.25 -19.98 57.11 31 0.008 33 24

1.75 -42.65  -6.78 5 -18.78 42.29 31 0.008 33 24

2.00 -42.65 -11.78 5.75 -18.65 36.13 31 0.008 33 24

2.15 -42.65 -15.63 6.25 -18.63 29.85 31 0.008 33 24

2.20 -42.65 -18.71 7 -17.99 24.97 31 0.008 33 24

2.25 -42.65 -20.67 8.25 -17.59 17.23 31 0.008 33 24

2.57 -42.65 -22.00 9.25 -16.89 13.13 31 0.008 33 24

10 -15.88 12.21 31 0.008 33 24

11 -14.49 9.47 31 0.008 33 24

11.37 -1.21 6.98 31 0.008 33 24

115 2.23 6.74 31 0.008 33 24

12 7.56 6.11 31 0.008 33 24

12.5 9.96 5.92 31 0.008 33 24

13.75 15.69 4.86 31 0.008 33 24

13.82 15.99 471 31 0.008 33 24

15 16.77 3.23 31 0.008 33 24

16.25 16.82 2.19 31 0.008 33 24

175 175 2.19 31 0.008 33 24

Note: “1” Temperature of the freezing chamber, “2” Temperature of Penaeus monodon, “3” The
residual water content of Penaeus monodon; “4” Temperature of the freeze drying chamber; “5”
Pressure of the freeze drying chamber, “6” Temperature of the heat transfer plates; “7” Temperature
of ambient of the freeze drying chamber.
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From the data described in Table 3, the kinetics of the freeze drying process of Penaeus monodon at
the optimum conditions are identified, see Figure 3.
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Figure 3. Kinetics of the freeze drying process of Penaeus monodon

Figure 3 showed that the cooling of the moist material in the Stage 1 occurred at high speed. Thus,
the over cooling point was clearly identified when water was being crystallized in Penaeus monodon.
These results are comparative to those of Sadikoglu et al., and Tsukada et al. [12], [13]. After freezing
for 2.57h at —42.65°C in the freezing chamber, Penaeus monodon temperature reached —22°C, then
residual water inside the material was crystallized. These parameters in Table 4, thus, are necessary not
only for determining freeze drying technology but also for calculating, designing and manufacturing the
freeze drying system.

Table 4. Necessary parameters for calculating, designing and manufacturing the freeze drying system

Parameter Symbol Value
Stage 1: frozen the moist material
Moisture content of Penaeus monodon Wo (%) 74.67
Temperature of freezing chamber T»(°C) -42.65
Freezing time T1(n) 2.57
Optimum freezing temperature of Penaeus monodon Tropt (°C) -22
Ratio of frozen water of Penaeus monodon o( Tropt) 1
Stage 2: freeze drying
Temperature of freeze drying chamber T (°C) 31
Pressure of freeze drying chamber P (mmHg) 0.008
Critical pressure of freeze drying chamber Pgh (MmHQ) 0.001
Crystallized temperature of water in Penaeus monodon Tery (°C) -1.21
Initial temperature of Penaeus monodon at the freeze drying process T (°C) -22
Time of the freeze drying process 2(n) 11.37
Moisture content of Penaeus monodon at the end of the Stage 2 W(r2) (%) 6.98
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Stage 3: vacuum drying at low temperature

Temperature of the vacuum chamber T (°C) 31
Pressure of the vacuum chamber Pt (mmHgQ) 0.008
Temperature of Penaeus monodon T (°C) >-1.21
Time of vacuum drying w3(n) 2.45
Moisture content of the Penaeus monodon product W(t3) (%) 4.71

On the other hand, Figure 3 showed that the temperature of Penaeus monodon at the Stage 2 nearly
had not been changing during the freeze drying process. This result is appropriate to the result of Suling
Zhai, et al. [14]. At the end of Stage 2, when the drying time reached 11.37h, moisture content of
Penaeus monodon was 6.98%, the temperature of Penaeus monodon was higher than —1.21°C, the
crystallized temperature of water inside Penaeus monodon. At that time, water inside the shrimp was
not in the crystal state and changed to the liquid form, so the drying process changed to Stage 3, vacuum
drying at low temperature. Temperature inside the shrimp increased rapidly and reached the temperature
of the heat transfer plates and that of the drying chamber. These results are suitable with those of
Tsinontides et al. [7]. Stage 3 was ended when time of drying had reached 13.82h, at that time, the
moisture content and the temperature of the products, adapted to the requirements, respectively were
4.71% < 4.8% and 15.99°C.

According to the results shown in Table 3, kinetics of freeze drying of Penaeus monodon was
established and shown in Figure 3. Besides, necessary parameters for calculating, designing and
manufacturing the freeze drying system were also recognized, see Table 5.

3.3. Calculating, designing the freeze drying system

= Fundamentals diagram of the freeze drying system

. =) M ZAWCL .
Illlll. mn @ - - - I'I

nan
H
\Y AV
&)

Figure 4. Fundamentals diagram of the freeze drying system.

(2)-high pressure compressor; (2)-Oil separator; (3)-Condenser; (4)-High pressure tank; (5)-Filters; (6)-Gas eyes;
(7)- Solenoid valves; (8)-Expansion valves; (9)-Liquid separator; (10)-low pressure compressor; (11)-
Intermediate cooling exchanger; (12)-Condensing and freezing equipment; (13)-Vacuum pump; (14)-freeze drying
chamber; (15)-Heat transfer plates; (16)-Drain valve.

Due to the freezing chamber having to reach —42.65°C, the 2 Stage cooling system was used, which
was described in Figure 4. This result is confirmative with that of Sadikoglu H, Ozdemir M, Seker M,
and Dzung NT [1], [8].
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Table 2, Table 3, and Table 4 showed the necessary initial parameters for calculating, designing and
manufacturing the freeze drying system, in which the freezing process occurred inside of the freeze
drying chamber. Besides, based on the calculating, and designing described in 2.2, the results of
designing were presented in Table 5.

Although parameters shown in Table 5 were only designed for the freeze drying system with a
capacity of 10kg (G) material/batch, the calculation method of higher or lower capacity is the same.
Therefore, if the design capacity is changed, the parameters listed in Table 5 will be changed
appropriately for the capacity of the freeze drying system.

Table 5. Results of calculating, designing the freeze drying system with capacity of G = 10kg/batch

Parameter Equation Result
Size of the freezing or the freeze drying chamber a=05m;

1 b=0.8m;

h=0.6m;

Cooling capacity of the freezing chamber 2 QM =1.6kwW
Capacity of the low pressure compressor 3+12 Ngc!= 1.7 kKW
Capacity of the high pressure compressor 13 +22 Ngc?= 1.14 kKW
Total capacity of motors 23 Ngc = 2.74 KW
Heat exchange area of the condenser 24 Fngt = 0.33 m?
Heat exchange area of the intermediate cooling exchanger 25 Fig = 0.047 m?
Exchange area of heat transfer plates in the freeze drying chamber 26+29 F ~ 2 m?
Heat radiation wavelength 30 A =50.10°m
Cooling capacity of the condensing and freezing equipment 31+33, 35 sz[r:]gtidb] = 1.45 KW
Hea_t exchange surface area of the condensing and freezing 34 Fogea = 0.67
equipment
Capacity of vacuum pumps 36 Np = 180 liter/h
Time of defrosting 37 Txo = (5 + 10) min

3.4. Manufacturing of the freeze drying system

From the parameters in Table 5, the Auto CAD software version 2018 was used to build the technical
drawing. Besides, several methods of machining and manufacturing were carried out to make the freeze
drying system, in which the dried materials were frozen inside the freeze drying chamber during the
Stage 1. As a result, the freeze drying system was finished and shown in Figure 5, with the following
parameters:

- Equipment capacity: 10 + 15 kg material/batch.

- Temperature of the freezing chamber: (-50 + -30)°C.

- Time of freezing: (1.5 =+ 3.5)h depending on kinds of moist materials.

- Temperature of freeze drying chamber: (-50 + 45)°C.

- Pressure of freeze drying chamber: (0.001 + 4.58) mmHg.

- Time of freeze drying: (10 =+ 72)h depending on kinds of moist materials.

- Temperature of condensing and freezing equipment (-50 +-30)°C.
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Figure 5. The freeze drying system DS-6

Figure 5 showed that the freeze drying system (version DS-6), was completely designed and
manufactured, in which the dried materials were frozen inside the above mentioned chamber at the Stage
1, and heat was supplied inside the vacuum chamber during freeze drying process (Stage 2) and vacuum
drying at low temperature (Stage 3) by the short wavelength radiation: A = 50x10° m < 0.1 m.

Penaeus monodon was dried at the optimum conditions in the manufactured freeze drying
system(Version DS-6): Stage 1: temperature of the freezing chamber-42.65°C; freezing time 2.57h;
Stage 2 and 3: temperature of the freeze drying chamber 31.00°C; pressure of the freeze drying
chamber 0.008mmHg; drying time 13.33h. The post-dried product was determined and the results were
shown in Table 6.

Table 6. Parameters of dried products at the optimum conditions

Drying Methods Freeze Drying

) Normal Drying
At the optimum

At the optimum conditions

Product Parameters conditions

Total of energy cost for 1 kg product 6.50 kwWh/kg 1.05 kWh/kg
Moisture content 4.71% 6.81%
Rehydration ratio 92.99% 15.25%
Shrinkage level 8.38% 59.25%
Lost level of total protein during drying process 2.91% 5.41%
Lost Level of amino acid lysine (lysine was denatured) 0.00% 23.51%
Lost Level of amino acid tryptophan (tryptophan was

denatured) 0.00% 19.57%
Lost Level of vitamin C 3.29% 100%

Lost Level of vitamin A 0.00% 68.21%
Swelling ability to the initial status Very good Very poor
Protein denatured Nearly no denatured ~ Completely denatured
Color Natural orange-red Denatured dark orange-red
Hard and porous level Soft, porous Hard, solid state

The freeze dried Penaeus monodon product was shown in Figure 6, and the normal dried one was
shown in Figure 7 [15].
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Figure 6. Freeze dried Penaeus monodon Figure 7. Normal dried Penaeus monodon

Table 1, Figure 6, and Figure 7 were shown that the freeze drying system (version DS-6) with set
parameters, had been steadily working and drying the Penaeus monodon product, which its quality is
high and much better than that of the product made by normal drying. It is confirmed that the freeze
drying system was successfully manufactured to preserve valuable products in Vietnam.

4. Conclusions

Results of finding the optimum freeze drying technology have already established necessary
technology parameters for calculating, designing, and manufacturing the freeze drying system. Based
on the input and the optimum freeze drying technology parameters of Penaeus monodon, the calculating,
designing and manufacturing were carried out to make the freeze drying system. As a result, the freeze
drying system (version DS-6) was successfully manufactured, steadily working and producing the high
quality products.

Because heat transfer applied in the vacuum chamber during freeze drying was used for short
wavelength thermal radiation (A< 100cm = 0.1m), time of freeze drying has been shortened to
13.33h/batch instead of 24 h/batch when using other heat transferring methods. Thus, it reduces the
drying energy and the product cost.
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