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DEFINITION

DRYING is the removal of water by evaporation below

boiling point from solid or liquid food, with the purpose of

obtaining a solid product sufficiently low in water content
HEAT EVAPORATION

DRYING




Aims of drying in food industry

JPRESERVATION (JREDUCTION OF THE COSTS
or difficulty of packaging,
handling, storage and
transport




New properties - dried onion




Drying as a preservation method

Food spoilage - irreversible
changes where food becomes
inedible, orits quality is dangerous B

Food harm can be prevented or
reduced by implementing food

preservation techniques —

Classfication
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Why drying preserves food?
FOOD STABILITY DIAGRAM
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The history and place of drying
In food industry

“...the prevention of the
destructive chemical
change” by “bring-
ing a fluid...into a
state of minute divi-

sion...”

- US Patent No. 125,406
Samuel R. Percy, 1872

US National Library of Medicine




Traditional dried products
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Applicaticn S Large diversity of equipment:

over 100 variants of dryers

Large diversity of raw materials

hygienicall

demanding "¢




Drying - energy intensive process

Different sources of energy are used

Solarenergy Steam Electric current Electromagnetic waves

llf

C

—_——

1. High latent heat of water evaporation
2. Low thermal efficiency



Energy consumptionin drying

Table 12.1 Comparative costs of water removal

Secparation costs per unit volume of water removed (arbitrary units)

Spray drying 17-50
Drum drying 10-25
Centrifugation 0.1-10
UF/RO 0.2-7
Evaporation 0.2-5

After Timmins in Goldblith et al., 1975. Freeze drying and advanced food technology.
London: Academic

100% energy consumption in industry

99% without
heat
recovery




Energy consumptionindrying

High latent heat of water evaporation

Latent heat
ﬁ of evaporation
HEAT ENERGY TAKEN FROM ENVIRONMENT [ki/kg]
Acetic acid 402
Acetone 518
/ Sublimation Ethanol 846
Ammonia 1369
[ Carbon
—— o 574
L Melting d j / Evaporatoon GCIiIOXId.e 074
el R ycerine
7y N . 335K)/kg ) J 2257 Kj/kg elium e
L «— d —
. Freezing Condensation Hydrogen 461
Solid Water Liquid Water Water Vapor lodine 164
(Ice) _ Oxygen 214
Deposiion ___ Propane 428
Propylene 342

HEAT ENERGY RELEASED TO ENVIRONMENT Toluene 351
_‘: Turpentine 293

Water 2256



Energy consumptionindrying

High latent heat of water evaporation

Latent heat of water vaporisation depends on pressure

RO g - saturated vapor

Temperature
ﬂ

Vapor

1.014 bar

Enthalpy



Temperature

20°C

Energy consumptionindrying

=22.09 MPa e °
‘ High latent heat of water evaporation
10 MPa
i Critical
Ln 217.75 -~ Point
— L (Critical :E
: Liquid-vapor I.Ol‘:b:u- pressure) H
/f g\ g
1] B =
Enthalpy g
7 1.00 J--eeois .
g A° ! boiling point
o : : P

: s (ive)

: : L
critical point - the temperature and 0.0080 fevesseen :
pressure of both phases become P TTiPlte :
equal and two phases can no longer 1 POV @Y : :
be separated; the highest 0.00 0.01 100.00 373.99

temperature at which the liquid state
may exist

triple point - exact temperature and
pressure conditions, specific for each
material, at which all three phases coexist

Temperature in °C

A phase diagram of water showing the equilibrium
curves between various physical states and their
dependence on pressure and temperature



Energy consumptionin drying

Drying at lower temperature is possibble
by pressure reduction

Absolute
pressure

GE))

2.3385
4.2461
7.3837
12.350
19.941
31.188
47.390
70.139
101.325

Water

boiling

temp.
[°C]
20

30
40
50
60
70
80
90
100

Lower pressure -
possible to boil
water at lower
temperature

L when compared
to atmospheric
drying

At atmospheric pressure

water boils at 100°C

Pressure in atm

(Critical
pressure)

1.00 |-------

0.0080 frevs=ns=

Normal
freezing point

B

H : Triple
H Epoim

Critical
Point

0.00 0.01 100.00

Temperature in °C

373.99




Energy consumptionin drying

Parameters used to characterize the energy consumption of drying process

1.The specific energy consumption
The energy consumed per unit mass of product

2. The efficiency of energy usage 7
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Proportion of the energy used for evaporation
of water

Q.,q, — the energy used for water
evaporation from product
Q,, — the total input energy

Q... — the energy recovered in the system



Energy consumptionin drying

Conductive drying Convective drying

Heat is supplied directly to the Drying heat is supplied to air, which transfers heat to

material being dried the material being dried
The energy usage efficiency The energy usage efficiency
35-80% 20-50%

-

Conduction Convection




Energy consumptionindrying

Possible methods to save energy

 Pretreament to increase drying rate

p
ultrasound

KMECHANISMS rehydration

Q Removal of part of water

solids - i.e. osmotic dehydration

liquids - pre-concentration



Energy consumptionindrying

Possible methods to save energy

[ Additional heat sources: " “7* o .
microwave, infrared Short
Gamma X Rays Cltraviolet Infra Alicrowave Radio
Ravs Ravs Waves
I [ [ [ | I I
1 pm 1 nm 1 um 1 mm lm 1 km
10~ um 10< um 10% um 10% um 10% um

(G f“"uO i




Drying methods

The numerous types of dryers in use in the
food industry may be classified in relation
to different criteria:

O by method of operation: batch, |
continuous U by the mechanism of heat

transfer: convection,
O by the movement of the material during conduction, radiation
drying: static, moving, fluidized (infrared, microwave)
1 Wbythe
physical
CAUTION : d state of the
UNDER HIGH feed
PRESSURE — ‘1
0 PRESSURE material:
3 by pressure of operation: vacuum, solid, liquid,
atmospheric, high pressure. paste




Basic classification of drying methods is based on heat transport mechanism:

HEAT CONDUCTION - contact drying

EAT CONVECTION - convective hot air drying

Heat is supplied directly to the material
being dried

Main advantages compared to hot air dryers:

- less air volume is required

- higher thermal efficiency

- process may be carried out in the absence of

oxygen

Conduction

Drying heat is supplied to air, which transfers
heat to the material being dried

Gas
-
Moisture transfer

Heat transfer

Convection



DRYING METHODS

CONVECTIVE CONDUCTIV
Cabinet/chamber/tray drying Drum drying
Tunnel drying Freeze-drying
Belt drying

Rotary drying

Fluidized bed drying (vibro)

Spouted bed drying RADIATION
Pneumatic drying Imfrared

Bin drying Microwave

Spray drying




Cabinet/compartment/tray dryers

Drying methods

(CONVECTION) . Depending on

the product and
the conditions,
the duration of

 cheap and simple to

construct .

[ solid materials loaded in abatchiis

. typically

trays on trucks or Syt
shelves

1 batch drying at small to
moderate scale
(2 to 20 t per day)

60-80°C




Drying methods (CONVECTION)

 long tunnels through which trucks carrying

stacks of trays travel with or against a Recirculation loop
stream of drying air j AN
 the material to be dried is evenly spread on v\ A
the trays Tunnel dryer with air blow A
U typical trolley along the trucks
loading for wet J 2
vegetables is o X
10-30 kg per m?2 ;2 7/'
Only one /i
air inlet 9 - =l
j\,‘a . . C OF

as one truck with wet matefial is introduced into the
tunnel at one end, another truck, carrying dehydrated
product, exits at the other end

.
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Drying methods (CONVECTION)

(J among the most
versatile
continuous dryers
for solid foods

1 extensively used,

lﬂﬂnl-l
mainly for large-

Scale dehydrat|on -| .iu E‘mii

of vegetables Single-stage belt dryer with through-flow mode

%)

PODAJNIK TASMOWY RUCH CIEPLEGO
SUSZONEGO MATERIALU POWIETRZA

KONIEC
SUSZENIA

ODBIOR




Drying methods

heated surface - metal belt FOAM-MAT DRYING

conveyor heated by conduction by
hot elements installed below

breaker
swivel arm

wet product dry product

N \ / |
I.) \\\\\\ / // )(‘
feeding pump conveyor belt heating plates cooling plate U
\ WA K/
e Y

W
)
crusher



Drying methods (CONVECTION)

—
] Process

Gas Inlet
(Heating

‘ or Cooling)

FINAL PRODUCT

WORKING PRINCIPLE OF A
ROTARY DRYER




Drying methods (CONVECTION)

Continuous

Trough continuous fluidized dryer

Batch fluidized dryer



D VT Pl L O S Y 26 | (1Y) R Vibro-fluidized bed drying VFB

Mechanical vibration allows “pseudo-fluidization” of the
sticky and polydisperse materials at much lower air flow rates

Powder inlet Exhaust air

Drying air Cooling air Powder / agglomerates outlet



DRV P L G B 36 | [1\Y) B Spouted bed dryers




Drying methods (CONVECTION)

N
drying in the food )
industry is limited to l Cyclone

the drying of flours, e @:
starch, gluten powder,
casein powder etc.

The use of pneumatic M,nowl —\] S

Air Lock Valve

Burnet/Blower \ Dry Product ©
/

& o /

Pneumatic dryier with product
recirculation

Drying Section

It is also possible to
recycle part of the
product in order to
achieve the desired final
moisture content.



Drying methods (CONVECTION) JTTY e

Bin dryers provide the ideal solution for
‘finishing’ the process to the desired
final moisture content of 3-6%

e L
5&%&%@5@

LR L

in terms of tonnage - grain drying is probably the largest drying
operation in food industry and agriculture



Drying methods (CONVECTION) ~  pume 1
Spray drying ¥ | ‘:

Exhaust air

s Powder G

| th nni
9022 — &535” 5uvanti0”M[
gpray ¥

‘ UNIT OPERATIONS AND PROCESSING EQUIPMENT IN THE FOOD INDUSTRY ) ‘

7 drying for the retention of food bioactive
compounds and nutraceuticals - 150th anniversary of
spray dryirn

Spray Drymg for
the Food Industry

Edited by
ﬁ Seid Mahdi Jafari

| ELSVIER Katarzyna Samborska



Drying methods (CONVECTION) Spray drying

FEED ATOMIZATION

180-220°C INLET
A === AR
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Drying methods (CONVECTION) Spray drying

= capacity can vary from
a few grams to several
tonnes per hour

= high tonnage
production up to 22
t/h milk powder
(about 23 t/h
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Drying methods (CONDUCTION)

(] heated surface - the

= 120 -
envelope of = .
a rotating horizontal 150°C
metal cylinder,
heated by steam
seconds

condensing inside
O dried product is

removed from the

drum by a blade

O applied food has to be in a liquid or slurry form

Configurations
= feeding system

= single drum, double-drum
= vacuum drying




Drying methods (CONDUCTION) |Freeze drying

At pressures below the triple point liquid water cannot
exist - in a process known as sublimation, ice skips the
liquid stage and becomes steam when heated

P
[hPa]

1013

Pressure
reduction

triple point

ADVANTAGES:

1. Drying at low temperature

2. Virtual absence of air

3. Absence of liquid water

4. Shape maintenance

5. High porosity — easy rehydration

NUTRIENTS

8

HEAT FREE2ZE
briEdD DRIED

br13

SUBLIMATION

0,0098
The phase diagram for water

refrigeration

heated shelves colls

D AYS ' the most expensive process for

manufacturing a dehydrated product



Drying methods
(RADIATION)

Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
3

-8 -10

Wavelength (m) 10 10 10 %

. A
Approximate Scale
of Wavelength

\

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

10* 108 10*? 10%° 10'° 10° 10%°

Application of an electromagnetic radiation for
heating



Drying methods
(RADIATION)

RESPONSE OF POLAR WATER MOLECULES IN AN
ALTERNATING ELECTRIC FIELD

ELECTRODE

Heat transfer direction Heat transfer direction

High temperature

H

Low temperature

Conventional heating Microwave heating

Microvawe drying

Slices of Drying
black radish drum

H,O
evapo-
rated

A N Microwave
chamber

D ———

Microwave
generator

Condenser
K

Vacuum
pump

Microwave-convec-

. . Microwave-vacuum dryin
tion drying RS

Convection drying

Freeze-drying




Drying methods _

(RADIATION)

TRANSPARENT

Infra-red Dryer

' Radiators’
cooling air

Radiators’ unit Helix -

l _ Suction of
5& T E humid air

Rotating drum




