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ABSTRACT

This study will present results of calculating and designing the low temperature vacuum
drying system in pillot scale. Based on that data, the lowtemperature vacuum drying system is
made and automatically controlled by loT (Internet of Things) in order to process and
preservate food products as well as increase the value of post-harvest food products. The final
result obtained is the low temperature vacuum drying system with automatic 10T that has a
quality and technology parameters as follows: productivity of 5.3kg/batch; temperature of
drying chamber of (0-55) °C; pressure of drying chamber under 6mmHg; time of drying process
about (12-24 hours/batch). In addition, energy cost per kilogram of product in the low
temperature vacuum drying compared with freeze drying is reduced about (25-35)%, the cost of
this drying system is only half compared with the freeze drying system. Carrot is chosen to
examine the quality of this system. As a result, the products have refined structure, the loss of p-
carotene is less than 5%, the residual water content of product is less than 4%, the rehydration
capacity of product (recovery yield) was over 98% and other sensory characteristics unchange.

Keywords: vacuum drying; vacuum drying machine; vacuum drying system; low —
temperature vacuum drying system; vacuum drying equipment.
TOM TAT

Nghién cizu ndy sé cong bé két qua tinh toan, thiét ké hé thong sdy chan khong nhiér dé
thdp dang pillot. Trén co sé dir liéu dé da ché tao hé théng say chan khong nhiér dg thap, tw
déng diéu khién bang 10T #ng dung trong ché bién va bao quan thuc phdm, ciing nhw lam
tang gid tri cua cac san pham thuc pham sau thu hogch. Két qua cudi ciing nhdn diroc 1a hé
thong say chan khong nhiér dg thap, tw dong diéu khién bang loT ¢6 chdt lwong Voi nang suat
5,3kg/mé, nhi¢t do moi truong say (0 — 55)°C, ap suat méi trwong sdy co thé giam duwdi
6mmHg, thoi gian sdy (12-24)gio/mé, chi phi nang lwong cho 1kg san phdm giam (25-35)%
SO Voi Say thang hoa, gia thanh cua mgt he thong sdy cung nang sudt chi khodng ¥ so véi hé
thong Say thang hoa. San phdam sau khi Say trén hé théng say nay co chdt lirong tét, véi carot
thi d¢ ton that beta-caroten dwdi 5%, do am dwdi 4%, mau sac mii vi khéng thay doi, kha
nang hoan nguyén dat trén 98%.

Tir khoa: sdy chan khong; méy sdy chan khong; hé thong sdy chan khong; hé thang sdy chan
khdng nhiér do thap; thiet bi say chan khong.

1. INTRODUCTION

Vacuum drying is a dehydration process carried out in vacuum environment, pressure
inside the moist material. The process is of drying chamber is under 1 at. Vacuum
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drying consists of two categories: normal-
temperature vacuum drying and low-
temperature vacuum drying [1].

Normal-temperature vacuum drying is
carried out in condition as follows: the
temperature of drying chamber is about (40 +
70)°C, pressure of drying chamber is about
(20 + 250)mmHg. This system includes
drying chamber, piping system, vacuum pump
and automatic control programme. It is a
fairly common drying system, which is widely
used in the manufacturing industry [2].

Low-temperature vacuum drying is
carried out in condition as follows: the
temperature of drying chamber is about (0 +
55)°C, pressure of drying chamber is about (0
+ 20)mmHg, this latter method is usually
occurs in the third stage of freeze drying. In
recent years, scientists have been looking for
the appropriate and effective procedure for
preservating post-harvest agricultural
products. Therefore, the low temperature
vacuum drying model will be developed to
meet the needs of the food industry. Because
energy cost per kilogram of product in the
low temperature vacuum drying compared
with freeze drying is reduced about (25-35)%,
the cost of this drying system is only half
compared with the freeze drying system, so it
can be applied to the actual productive
situation in Vietnam [2-3]. In addition, to
evaluate the quality of the low - temperature
vacuum drying system have been made, it
used the carrot material (Daucus carota L) to
test in this study. The purpose of this
experiment is to check the quality of the low
— temperature vacuum drying system, how
good vacuum drying method is and is it as
advantageous as expected?

Carrots play a very important role in
providing p-carotene to the human body.
Beside, carrot is one of the popular root
vegetables grown throughout the world and
become the essential source of dietary
nutrients (Table 1 and 2). Carrots contain not
only a lot of B - carotene but also a lot of
minerals and some other chemical
composition, it is very good healthy for

human. However, carrot nutrition be easily
decomposed if it is not suitable preserved, [4-
5]. Therefore, the problem posed here is how
to determine technology mode of low —
temperature vacuum drying in order to
preserve them in a long time after harvesting
for using and commercial. All of this will be
answered in the results of this study.

Table 1. Macroelement components of carrot
(The ratio of initial material weight, %), [4]

Component Value

Water 88.8
Protein 0.7
Lipid 0.5
Carbohydrate 6.0
Total sugars 5.6
Crude fiber 2.4

Table 2. Microelement components of carrot
(The ratio of initial material weight,
mg/100g) [4]

Component Value | Component Value

Ca 34

Fe 0.4 Zn 0.2
25.0 B-carotene  5.33

Na 40.0 Thiamin 0.04
240 Riboflavin ~ 0.02

Mg 9.0 Niacin 0.2

Cu 0.02 VitaminC 4.0

2. MATERIALS AND METHODS
2.1. Tools and equipment

To perform this study, some of the
following equipment are needed, [5-6]:

— Mass Determination Device (Sartorius
Digital Calculator, made in Canada,
error 0.01): determine moisture content.

HPLC equipment: analyze [-carotene
content

—  Wattmeter tool: determine energy costs.
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— The others (lathes, milling, welding, pipe
bending and polishing machine):
fabricate this drying system.

2.2. Methods of calculation, design and
manufacture

In order to calculate and design this low-
temperature vacuum drying system, several
methods have been used [7-8]:

— Calculation of material balance.

—  Calculation of energy balance.

— Calculation of force balance.

— The use of Autocad software to design.

— The use of information technology for
programmable controller.

3. RESULTS AND DISCUSSION

— The use of precision mechanical

methods to construct.
—  Other supports from mathematical tools.

2.3. Experimental method to evaluate the
quality of the Ilow temperature
vacuum drying system [9]

Carrots are dried in  different
technological modes on the low temperature
vacuum drying system. Results obtained
will evaluate the energy consumption of 1
kg, the residual water content of final
product, and the loss of beta-carotene
content, reversibility of the product as well
as evaluate quality of the low temperature
vacuum drying system.

3.1. Theory diagram of the low - temperature vacuum drying system

T D
2 A1)

Figure 1. Low temperature vacuum drying system

1.Compressor, 2. Condenser, 3. Receiver tank, 4. Filter, 5. Liquid solenoid valve, 6. Defrost solenoid valve,
7. Throttle - valve, 8. Gas-water separator, 9. Suction accumulator, 10. Drying chamber, 11. Vacuum pump,
12. Vacuum discharge solenoid valve, 13. Water discharge solenoid valve.
HP. High pressure relay, LP. Low pressure relay.

It can be seen this drying system is very
complex, so the calculation and design
process of the low temperature vacuum
drying system is not simple [10].

3.2. Calculation and design
3.2.1. The initial parameters [10]
e Productivity: G = 5.3 kg/batch

¢ Initial sample moisture content: 88.8%
Final sample moisture content: 5%

e Density of sample: p = 1035 kg/m®

e  Temperature of drying chamber: 40°C.

e Vacuum pressure of drying chamber:
2 mmHg
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e Thedrying time of batch: 18h.

e  Atmosphere parameters in Ho Chi Minh
City: t = 30 °C; ¢ = 74%; t, = 25 °C;
s = 23 °C; d = 0,0202 kg/kg dried air;
h = 81,76 kJ/kg dried air.

3.2.2. Calculation ang design of drying

chamber [10]
The drying chamber capacity is
determined by equation (1) as follows:
V= %, m?*/batch (1)

Where, V (m*/batch): the drying chamber
capacity; G (kg/batch): drying chamber
productivity; p (kg/m®): density of carrots

From equation (1) and after calculating,
the drying chamber size is 450 mm x 420
mm X 525 mm.

Its shape is rectangular and consist of 5
heat transfer plates, 10 drying trays. The
inside bulkhead is constituted by stainless
steel 304 with its thickness of 4 mm whereas
the outside bulkhead is made from stainless
steel 201 mm with its thickness of 2 mm.
These two bulkheads is separated by a
polyurethane foam layer with its depth of 40
mm and 6 force bearing made from stainless
steel 201.

3.2.3. Calculate energy balance and mass
balance of the low temperature
vacuum drying system [8-10]

- Energy for heating up materials was
determined by equation (2) as follows:

Ql = GXx Cy X (tz - tl)/'fna KJ (2)
=0.009 kW

Where, m (kg): material weight of carrot;
Cq = 3.87 kJ/(kg.K): specific heat capacity of
material; t; = 30 °C: original temperature of
material; t; =40 °C: drying temperature;
T (S): time of heating up material, t, = 5760s

- Energy of the drying chamber was lost
by haet radiation

Q=eF6|() - ()] @
=0,0215 KW

Where, Fi: surface area of the drying
chamber (m?), F; = 1,35m% ¢ = 0.24: the
radiation coefficient; C, = 5.67: the radiative
coefficient of the absolute black things;
T=313K; T’ =303K.

- Energy for heating up mechanical
equipment in the drying chamber
Q3 = Minox X Cinox X (t2 — t1)/tn (4)
= 0.3 kW

Where, minox = 350 kg: the total mass of inox
in the drying chamber; Cinox = 0.48 kJ/(kg.K)
specific heat capacity of inox; 1, (s): time of
heating up material as well as mechanical
equipment in the drying chamber.

- Loss of heat throughout the bulkhead
Qa1 and door chamber Qg

Q4= Qa1 + Qa2 (5)
~(0.016 KW.

Where, A;: the thermal conductivity coefficient
of stainless steel (A; = 16W/(m.K)), A,: the

thermal conductivity  coefficient  of

polyurethane foam layer (A, = 0.047

W/(m.K)); F41 = 0.882m?; F4 = 0.473m?

Qu =55 =10.36 W (6)
vy

Quo =22 =556 W )
A1 A2

- Energy for boiling and evaporating
water in material

The amount of water released during
evaporation was determined by equation (8)
as follows:

w1 —wWw

m =G 2 = 4.68kg/batch (8)

w2
Energy for boiling and evaporating water
in material was calculated by equation (9)
Q5 =mq.r (9)
=0.18 kW

Where, r = 2409.24 kJ/Kkg: the latent heat of
evaporation of water

Total heat load of the low — temperature
vacuum drying chamber was determined by
equation (10) as follows:
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Q=K(Q1+Q2+Q3+Qs+Qs)
=1200 W =1.2 kW

Selecting the heating element for dryer:
resistor bars. There are 05 heat transfer plates
and each plate with 240 Watt.

3.2.4 Calculate for the vacuum pump
selection [9-10]

Evacuated capacity of vacuum pump
was calculated by equation (11) as follows:

Qy = Bufo n [ |

Pyhck—Pgh
Qp=8.94 m3/h

Where, V (m®: the volume of vacuum
chamber; T4 (h): the expiration time (tqg = 5
minutes); B = 760 mmHg; Pjimieq = 0.001
mmHg: the limited suction pressure of
vacuum pump; P vacuum pump = 2 mMmHg: the
working pressure; B; = (1.12 + 1.5): the
leakage coefficient; B, = (1.12 <+ 1.5) : the
safety coefficient.

(10)

(11)

Therefore, pump capacity was also
determined by equation (12):

_ APy.Qp —

B BlOOO-T]H-T]v-T]ck 731w (12)

Where: AP, = 2.4x10° N/m? : the pressure
formed by vacuum pump, ng = 0.98: the
hydraulic efficiency, n, = 0.98: the volume
efficienc, mn,.=0.98: the mechanical
efficiency of vacuum pump, = (1.12 + 1.5):
the safety coefficient of vacuum pump.

Selecting the vacuum pump with N = 0.75
kKW (1 Hp).

3.2.5. Calculate for the condensering —
freezing equipment [8-9]

Initial temperature of moisture: t, = t3 =
40°C;

Temperature to be cooled: t; = t;' = -15 °C;

Chamber moisture content @1 =~ 5%;

The physical parameters of water:
A1 = 58.4x10°W/(m.K); B = 0.98x10* K™;
vi = 1.23x10°° m?/s; Pry = 8.895

Gry = BB 5593 o7° [2aVogan
vi T

Ra; = (Gr.Pr); = 34395.4
500 < Ra;< 2x10’
Nu; = C x Ra;," =7.38
Heat transfer coefficient of environment:

o1 = Nur™s =431 W/(m.K) (13)

Total heat load of the condensering —
freezing equipment was determined by
equation (14):

Qo=Q =GAh=G(hs - hy’) (14)
=611.8W
Assume heat exchange efficiency
1N = 70%. Therefore, Qo = 874W
Heat transfer coefficient of the

equipment was calculated by equation (15):

. (15)

K = m=65 W/(mZK)

ai az Aw

Heat transfer surface area of the
equipment was calculated by equation (16):

Q
F=om 0,28m? (16)

The gas water separator is designed in
cylindrical form, the diameter is Dyg (M),
length is L (m), with L = 2D,4 and the fill up
coefficient is kg = 2.0. For this reason, the
capacity of the device is determined by
equation (17) as follows:

Dpe? Dpe’

Vhgdb = = 4,g L== 2g = Kig-Vng 17
~ 0,007 m®

Dig = S/M ~0.17m (18)

It can be chosen: Dpg= 0.2m
Lng = 2.5XDpg = 0.5m

Total copper pipes was also determined
by equation (19) as follows:

n= andb
T[.l’.dngdb

= 20 pipes (19)

3.2.6. Calculated the refrigeration system
of condensering -  freezing
equipment [8-10]

Refrigerant: R22 is chosen.
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The boiling temperature of the
refrigerant at the evaporator: t, = —20°C,
evaporating pressure P, = 2,455 bar

Condensation  temperature of  the
refrigerant: t, = 40°C, condensing pressure
Py = 15,315 bar

Compressive ratio:

B=X<9

o 20)

As a result, 1 level compressed air is
chosen in this system.

The subcooling temperature of the
refrigerant after leaving the gas — water
separator: tsupcooling = 35°C

The superheat temperature of the
refrigerant vapor from the evaporator before
the compressor suits: tgyperheat = —15°C.

Specific heat rejection capacity qx =
h, —h; = 166 kK] /kg

Table 3a. State parameters at specific points
of refrigeration cycle

Point t, (°C) P (bar)
1 -20 2.455
I -15 2.964
2 - 15.268
3 40 15.268
3 35 15.268
4 -20 2.455

Table 3b. State parameters at specific points
of refrigeration cycle

Point h (kJ/kg) Vv (m%Kg) s (kJ/kg.K)

1 397.07 0.09293 -
I 399.16 0.07769 1.7741
2 415.19 - 1.7741
3 249.22 - -
3 176.34 - -
4 176.34 - -

- Calculate for selecting refrigeration
compressor

Directive capacity of refrigeration
compressor was determined by equation (21)

Ni:%:mw (21)

Friction  capacity of refrigeration
compressor was determined by equation (22)

Useful  capacity of  refrigeration
compressor was determined by equation (23)

Ne = Nis + N = 111.2 W (23)

Power capacity of  refrigeration
compressor was determined by equation (24):
Ny = —— = 0.2 KW (24)

Ntd-Nel

Installed motor capacity of refrigeration
compressor was determined by equation (25):

Nee = 1.25XNe = 250 W (25)

Therefore, the compressor which has
its electrical power of 0.5 Hp is selected.

- Calculate for the condensing equipment

Heat released at the condensing
equipment:
Qk=magx=0.66 kW (26)

Required temperature of the air to cool
the output t,, and input t,; is 38 °C and 30 °C,
respectively. Condensation temperature of
the refrigerant: t, = 40 °C.

Heat exchanger area of the condensing
equipment was determined by equation (27):

- Qk 2
Where, K (W/(m>K)): heat transfer

coefficient; Qx (W): thermal load of the
condenser; Aty : the average temperature
difference between the refrigerant and
cooling environment.

The condensing equipment which has its
capacity of 0.25 Hp is chosen.

- Calculate expansive valve
Refrigerant: R22.
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Cooling capacity: Q, = 874W
Evaporation temperature t, = -20 °C;
Condensation temperature t, = 40 °C;

The pressure difference across the
expansive valve: Ap = px — Po — Apdo =
12.313bar

Where, Apqo: l0ss of pressure on the pipe
(about 0.5 bar); px: condensation pressure; po:
evaporation pressure.

For this reason, the expansive valve
chosen to use in this refrigeration system was
EV-50. It was very suitable cooling capacity.

3.3. Manufacturing of the  low-
temperature vacuum drying system

From calculating data, the low
temperature vacuum drying system was made
at B108 room, HCMC University of
Technology and Education.

Figure 2. Low-temperature vacuum drying
system

In Figure 2, it can see that this vacuum
drying system was automatically controlled
by 10T (Internet of Things).

3.4. Checking the quality of the low-
temperature vacuum drying system

Puting trays contained carrot sample on
heat transfer plates in the drying chamber of
the low temperature vacuum drying system.

Figure 3. Carrot products after drying

Experiments  are  performed  at
techological mode as follows: the
temperature of drying chamber is 49 °C;
pressure of drying chamber is 0.01 mmHg;
time of drying process is 13 hours. The
results of product after drying obtained as
follows: the residual water content of product
is 3.78%; the energy consumption of 1 kg
product is 3.56 kWh/kg product; the loss of
total p-caroten inside carrot is 3.96%; the
rehydration capacity of product (recovery
yield) is 98.2% and other sensory
characteristics unchange.

Obviously, the value of product is
beyond expectations, other sensory properties
stay remained, the residual water content of
product is below 5% in order to prolong the
preservation time. The energy consumption
of 3.56 kWh/kg product as well as the loss of
[ - carotene under 5% are reasonable. All of
this outstanding benefits has once again
proved the quality of low temperature
vacuum drying system.

4. CONCLUSSION

This research has developed the low
temperature vacuum drying system with
stable quality. This method replaces the
sublimation  method for  post-harvest
preservation and brings benefits to the
agricultural economy in Vietnam. The food
produced from this drying system has given
favorable structure, met the standard of the
residual water content of drying product,
reduced the loss of quality of product,
dimished the energy cost. As a trend of food
industries nowadays, it should be applied in



food process and preservation to consolidate
the quantity of food for the world.

The low - temperature vacuum drying
system connected to 10T technology in
automatically monitoring and controlling has
reduced the number of labors, total
production costs and keep up with the
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