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ABSTRACT

Tea is an important and strategic product in I@ne of the most important part of tea
production processes is drying process. Basisarfymts drying includes heat production
for evaporating of water and transferring the evafeml water from the dryers. It can be
implied that solids drying is a heat transfer pssceEnergy used in many industries is
about triple than the last three decades pattamngain and it means competition
impossibility for Iranian products in these indiesrin global market. Energy losses,
specially in drying section are very highline inttysof Iran. The main problem of these
dryers sun evenly heat distribution in dryers. Thaakes crops dry unevenly and
consume fuel more than international standardsadésw produced unfavorable products.
The process of tea leaves drying in laboratory ttayers examined by mathematical
model used in references. In the following, theildgium moisture content in three
sample of friction phase 1,2,3is calculated toodtrce the most suitable semi-theoretical
model in the tea drying process in tea industrythdaatical models which have been
studied include Henderson — Pabis , Lewis, Pag®dge and Two Term.

Keywords: Dry, tray dryer, mathematical models drying

1. Introduction

The concern for energy consumption optimizatiorthiea world has begun since 1970.
Nowadays, the energy consumption management aimtipation is considered as one
of the new energy sources besides the physicalaslai source. Energy losses is
significant in Iran. According to statistics, it véncreased in last 30years. In 1960,
energy consumption has been 3.3 Gtoe. In 1990yéhige increased to 8.8 which has 3.3
percent growth yearly that shows it increased 1&@&ent. To achieve the aims of this
research, the following test were performed and rdsults were examined. At first,
samples were prepared from eight of dryer, at g first, second, third, fourth, fifth,
sixth, seventh tray and finished product. In eadist the time that tea leaves enter the
dryer to each point that sampled is measured. Smmpére transferred to biochemistry
lab and were examined individually in five tests.the lab, at first, first moisture is
obtained in each sample. One these, just a corfsteiotr was considered and that was
outflow air temperature because of according toforination that obtained from
resources, to prevent in fermentation processekeatiould be exposed to air with 60° C
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temperature. So thickness of leaf on tray as inudgret variable set out that exhaust air
temperature remain stable about 60 °C and theamsidtime in dryer was about 22 min.
Results of organic tests which are done on conduital products sampling has been
reported.

2. Tray dryers

Tea dryer consists of heating parts with hot ainfiges, hot air blower ventilator and box
including grid trays which carry the fermented keavthrough the tank. Conveyors
distribute equally on moving- grid trays, fermenteadves trough divider small tank
called hoper with regulators help. At the same tohentering leaves into dry container,
the inside temperature rises and the leaves lasewater gradually. In the first steps of
drying process, fermented leaves act as wet obpmutsthe leaves heat rises in the
primary trays of third about 60%, in the trays lofd class about 25% and in fifth class
about 10% and in seven class about 5% and in s$ttp 3% reduced by reducing the
moisture and increasing the warm air blowing framqméce in each classes, temperatures
will be different between 120 F to 130 F for thesffipart and entrance of fermented
leaves, 155 to 165 F in third class trays andsitdbout 184 F in sixth class trays and at
last about 195 F or 90 C in last class will inceed&arm air sources fuels are Gas, Gasoll
or another fuel like coal or rice hull. Warm aimerature in dryer has been controlled
by a thermostat. Warm air in module is blown fronder the tray. Food placed on trays.
In systems, the tray are designed in such a wayntbaement direction of warm air is in
zigzag pattern form and it makes warm air and foade more contact with each other
and increase the efficiency and reduce the presdihis way is very effective in
reducing the costs [2.5.6.12].

3. Calculation of drying time

Kinetics of drying production generally is calca@dtempirical by measuring the dry
product weight as a function of time. Humidity lewe variable times, drying speed in
variable times and drying speed in medium moistmesdifferent theories that have been
studied. By humidity reduction in drying processdérying speed will be increased. And
also by increasing the temperature, the time dfiag to equilibrium state will be
reduced [9, 10].

3.1. Drying time
The following equation is used for drying intensity

M 2
J'dt:I_S dﬂ (1)
A ;. WD

On this equatiorM ; and M , are the amount of moisture at t=0 and t respdygtiVéD
is constant for drying phase.

L
t, = x—(M,—-M 2
1 AWDI( 1 cr) ()
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That M ,=M, , crop moisture in last phase of drying and Delibieonstant. Drying
time In the case of descending Debbie it will berted the following equation.

Z dm
— 3
. 3)

1

IM
tu=-=
u AMj

In this formula,M , shows the final moisture of crops. Modeling ofidgytime has been
done in two phases with constant intensity andeteding intensity.

3.1.1. Constant intensity phase
The initial moisture wasM ; and it must be noticed thd¥l ,)M , , so drying time
equation is:

— Is —
t= (M,-M,) (4)

c

3.1.2. Descend ring intensity phase
If M, andM, is less tharM ., , N will be variable, so two mode may happen.

A: general mode: solving by graphical approacimédtins draw the changes*lélli and M

also obtained area under the curve betwigenand M , is favorable answer.

B: private mode: If N and M changes suppose withdi-logic error percentage, we have
that:

N =am+b (5)

For drying time in this mode we have:

—LSI dn L LnaM1+b ©6)

t=[dt= A ;

an+b aA aM , +b

Every drying equation expressed thslt, as an initial moisture andl, as a final
moisture andM .. as critical moisture and According to Fick's law:

=0 [ 5] e
ot oX
C: partial density in two partial phases A and B.

t= permeate time.

x= distance in direct permeate.

D . = Diffusivity in joint capture of A and B phases.
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This equation expresses permutation in solid, diguid gas. In the following equation, it
is assumed that the surface is dry or it was iriliegum moisture and initial moisture
distribution was uniform [5, 9, 11]:

m

M -M, 8 %7 1 (zmy 0t (|

M. -M, 7| (2n +1o)e

e

(8)

M, M. and M are the moisture average contents based on daying
D, isliquid permeate and it assumed constant.

t is the start time.
D is the half of solid layer thickness from wheermutation has been occurred.

This equation is for long period in the above eiumat

MM, 8 )

M_ M, 77

e

(9)

By solving this equation, differential the dryirigpne was measured:

M 77D
e MM Y

And for final time we have this:

2 —
— 4d LnMc Me

t. =
" D7 M-M,

(11)

4. Experiment results
An example of the first experiment, of kind friatitea 3 and rubbing, the drying it has
not taken enough care and in terms of color, fasteak.

Sampling loction CQ C1 C2 C3 C4 Ct Cé C7

Time(seconc 0 13C 22( 40C 53¢ 71¢ 86C | 97C

Moisture percen
based on drying 128 | 115 | 85.2 | 68.1 60 17.6 2 4.7
content

Table 1: First experiment results

Second experiment tea sample, is with think leavegppearance and on the Sift method
that adequate care is not taken in drying andsti@al color and perfume and taste.
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Sampling locatio CC C1 C2 C3 C4 C5 Ce C7
Time(seconc 0 9C 21 | 40C | 54C | 72t 88C | 99C
Moisture percen

based on drying 143 | 129 | 104 98 54 26 2.7 1.6
content

Table 2: Second experiment results

Third experiment s result, it is friction 3 tea #iand has low friction. It has anomalistic
weak leaves. This tea has suitable color, perfumdeaste.

Sampling locatio CC Cl C2 C3 C4 Ct Ccé6 C7

Time(seconc 0 16( 31E 58C | 77C | 101C | 121F | 136¢F
Moisture percen

based ondrying | 139 | 118.3| 924 | 43.4 | 41 1.5 0.82 | 1.08
content

Table 3: Third experiment results

Fourth experiment tea sample, is friction 3 teadkihat Due to the season, it has the
favorable color but it has not good smell and taste

Sampling locatio CQ C1 C2 C3 C4 Ck Cce C7
Time(seconc 0 12C 26( 47( 64C 84t | 1051 | 114C
Moisture percen

based on drying 144 | 132 | 110 86 65 9.2 2 2.6
content

Table 4: Fourth experiment results

Fifth experiment tea sample, is friction 3 kindteh with on the Sift method that has
thick leaves and has good taste and dried in seitaimdition, in terms of quality.

Sampling locatio CC C1 C2 C3 C4 Ct Ccé C7

Time(seconc 0 15C | 30C | 56C | 75t | 100C | 120C | 134¢
Moisture percen

based on drying 133 95 58 13 504 2.7 2 1.8
content

Table 5: Fifth experiment results

As is evident from organic experiments result, intlkem friction 3 and on the Sift
method are used. When five series of experiments deme as they mentioned above,
and the optimum conditions of friction 3 and Stfa drying sampling of each 3 kind

(friction 1, 2 and 3 ) was found under the samedin, different kinds of tea can be
compared in drying process.

Sampling time(s) Humidity Humidity Humiditypercent
location percent percent (friction 3)
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(friction 1) (friction 2)
bArf'V"".' 0 123.7 124.4 115.47

eginning

Tray 1 12(C 100.¢ 102.¢ 70.1f

Tray z 29C 85 58.6¢ 64.1

Tray & 56( 61.1 40.7 19.27

Tray 4 75C 36.2 40.7¢ 14.]

Tray £ 102( 5.24 7.2 6.61

Tray € 121( 2.0 6.34 6.4z
Final produc 135¢ 1.9¢ 5.2 6.3¢

Table 6: Experiment results

5. Kinds of models used in thisresearch

Black tea drying models divided to three generé¢garies including theoretical, semi
theoretical and experiential. Semi theoretical nwdes: Tow Term- Pabis & Henderson-
Lewis- Page- Re Page. These models fithess acgotidindifference between moisture,
primary equilibrium moisture and final moisture. Ang these semi theoretical models of
tea drying, some of them will be mentioned followis, 8, 1].

-In 1980 Sharaf- Eldeen, Blaisdell and Hamdy inicetd a two term model that
predicted fully the corn crust drying speed in éliive Equation of this model is as follows.

M-M
MR :F_Me = A exp(-kq)+A, exq-kt)

e

(12)

M, M, and M_ are amount of moisture, primary moisture and finabisture,
respectivelyA,, k,, A and k,are empirical Coefficients.

-Henderson and Pabis model is one of the firstchsaslutions for Fick second law. In
1969 this model used for corn, wheat and peanungimpodel successfully.

_M_Me

MR =
Mo_Me

= A, exp(-k¢) (13)

-Lewis model. Lewis in 1921 introduced one of tpeaal kind of Henderson and Pabis
model. Results show that moisture transferring ffoods and crops, maybe seen like
heat flow of floated body in cold liquid. With Colison between this phenomenon and
Newton’s cooler law, drying rate with differencedried food and equilibrium moisture
content in dry air situation is proportional.

——=-ko(M -M,) =exp(-k4) (14)
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- Page model: in 1985 Bruce introduced this modelbtercoming the Lewis model
defects and also using this model to study on thm@lrying process.

e @

e

MR

-Re Page model (repaired model), in 1973 OverhWitsite, Hamilton and Ross describe
soya drying process with this model successfully.

M -M "
:WAO exp(-k4) (16)

e

MR

In this research, semi- theoretical models is siggeand applied. Ratios obtained from
different experiments in provided models fit outtwiMatlab software and Coefficient of
Determination R?), and radical mean square of errors (RMSE) cdteviare used to
selected the best model. Results are shown ingalnid calculation section. Coefficient
of determination content and radical meal squarecmbrs was obtained from the
following equation [1,2,3,4,7,10].

2
R?=1-| 1% 17)
2

N

1Y 2
RMSE :{WZ(M R, -MR,,) } (18)

i=1

In these equationsMR,, is moisture content in experimental results ahtR. is

moisture content in calculated results and N is memof experimental observations.
Maximum Coefficient of Determination and minimum anmesquare of errors are selected
as a fit out criterion.

5.1. Results of modeling calculations

After the Matlab programs running for Semi-Thea@ti models that noted in last
chapter, The following results were obtained adcgrdio the data obtained from
experiments namely times referred to tea positiam tevery one of samples friction 1, 2
and 3.
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Hender_son& Lewis Page Re Two
Pabis Page Term
T MRc MRc MRc MRc | MRc M';e"
0 138.7158 1 1 132.625| 137.5034| 128
130 104.3121 1.2267 | 25.47156625 96.4822| 86.9319 | 115
220 85.6314 1.5048 | 25.47156625 55.6877| 54.2713 | 85.2
400 57.7072 2.1444 | 25.47156625 15.5759| 22.6275| 68.1
535 42.9218 2.7969 | 25.47156625 4.8881 | 10.5257 60
715 28.9251 0.3905 | 25.47156627 0.9322 | 2.4563 17.6
860 21.0474 0.5128 | 25.47156628 0.2085 | -0.9634 2
970 16.5368 0.6248 | 25.47156628 0.0654 | -2.4529 4.7

Table 7: First experiment results

160
140 %
120

experiment 1

6§0

—O0—MEcC
Headerson&Fabis

—O—dEc Lewis

1C00

1200

Figure 1: Calculations of moisture changes model equatiopsaportion to the time
curves in the first experiment.

He’;,d;giong Lewis Page | Re Page| Two Term

MRc MRc MRc MRc MRc | MRexp
0 154.1165 1 1 132.625| 137.5034| 143
9C | 127.900: | 1.22672, | 25.47156 | 96.482. | 86.931¢ | 12¢
215 | 987195 | 1.504847 | 25.471566| 55.6877 | 54.2713 | 104
400 | 67.2898 | 2.144466 | 25.471566] 15.5759| 22.6275 | 98
540 | 50.3482 | 2.7969793| 25.471566| 4.8881 | 10.5257 | 54
725 | 34.3186 | 3.905183 ]| 25.471566| 0.9322 | 2.4563 | 26
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880 24.8925 | 5.1282559| 25.471566| 0.2085 | -0.9634 2.7
990 19.8196 6.2482398| 25.471566/ 0.0654 -0.2452 1.6
Table 8. Second experiment results
130 —O— MEcC
150 experiment 2 Henderson&Pabi

s .
—0— MEc Lewis

1200

Figure 2: Calculation of moisture change model equatior@aportion to the time
curves in second experiment

Hendersong& Lewis Page Re Two
Pabis 9 Page Term
T MRc MRc MRc MRc MRc MRexp
0 138.5622 1 1 | 132.625| 137.5034] 139
160 854553 | 1.2267 25";715' 96.4822| 86.9319| 118.3
315 527027 | 1.5048 25";715' 55.6877| 54.2713| 92.4
580 228032 | 2.1444 25";715' 15.5750| 22.6275| 43.4
770 121651 | 2.7969 25";715' 4.8881| 105257 | 41
1010 5.5242 3.9051 25";715' 09322 | 24563 | 15
1215 2.9002 5.1282 25";715' 0.2085 | -0.9634 | 0.82
1365 1.8175 6.2482 25";715' 0.0654 | -0.2452 | 1.08

Table 9: Third experiment results
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experiment3

600

S0 1000

—O0—MIRz

Hendersond:Pshi

S! .
—O—ME: Lewis

1200

1400

1600

Figure 3: Calculation of moisture change model equatior@aportion to the time
curves in third experiment.

Henderson& Pak Lewis Pagt Re Pag | Two Tern

T MRc MRc MRc MRc MRc MRexg

0 138.562. 1 1 132.62! 137.503 144
12C 85.455; 1.22672. | 25.47156 | 96482: 86.931¢ 132
260 52.7027 1.504847 | 25.471566| 55.6877 | 54.2713 110
470 22.8032 2.144466 | 25.471566| 15.5759 22.6275 86
640 12.1651 2.7969793| 25.471566| 4.8881 10.5257 65
845 5.5242 3.905183 | 25.471566| 0.9322 2.4563 9.2
1051 2.900: 5.128255 | 25.47156 0.208¢ -0.963¢ 2
114( 1.817¢ 6.248239 | 25.47156 0.065¢ -0.245: 2.€

Table 10: Forth experiment results
. —o— MR
160 experiment4 HendersondD

140 %

atis, )
—— MR Tawis

200 1000 1200

Figure 4: Calculation of moisture change model equatior@aportion to the time
curves in forth experiment
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Henderson& Pab Lewis Pace Re Pag | Two Tern
T MRc MRc MRc MRc MRc MRexp
0 138.5622 1 1 132.625| 137.5034| 133
150 85.4553 1.226722 | 25.471566| 96.4822 | 86.9319 95
300 52.7027 1.504847 | 25.471566| 55.6877 | 54.2713 58
560 22.8032 2.144466 | 25.471566| 15.5759| 22.6275 13
755 12.1651 2.7969793| 25.471566| 4.8881 | 10.5257 5.4
1000 5.5242 3.905183 | 25.471566| 0.9322 2.4563 2.7
1200 2.9002 5.1282559| 25.471566| 0.2085 | -0.9634 2
1345 1.8175 6.2482398| 25.471566| 0.0654 | -0.2452 1.8
Table 11: Fifth experiment results
160
140 5 experiment5 —o—MEe
Henderson&Pabis,
120 | —O— iz Lewis
100 —&r— M=o Page
a0 - —— IMiZc RePage
MR

S0 - : —¥—I=Zc Two Term
Xk

40

20 A

o
oo O 200

<00

jslele] 1200 1400 pR-1ele}

Figure5: Calculation of moisture change model equatior@aportion to the time
curves in fifth experiment

6. Effective penetration calculation equations

Drying of black tea only happens in rate fallingipd. Fick’s second law can be used to
describe the black tea particles drying. Fick'soselclaw general phase solution shows in
following spherical coordinate. Tea spherical wées are considered with 0.0005 m
diameter in each permeation invariant

M M o0 2

Mrs B Z iz n Def;c Vg .
M -M, no N R

(19)

In here D is effective penetration{fs) and R is tea particles radius (m). The firgpsif

above equation is known as Henderson and Pabislmiduetilt is k factor in this model
that related to effective penetration
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:Deffn2

k R

(20)

Effective penetration is calculated by equatiorBi. using of obtained domains from
linear regression, LnMR than time data series shiowfiape. Since the most appropriate
decreased moisture than time to be consideredftim dixperiment, following results
achieve with considering varieties obtained frostdeand with equations of diffusivity
calculations.

Time (s) | MRexp InMRexp K R Deff
0 133 4.890349
150 95 4.553877

300 58 4.060443 |

560 13 2.564949 S = 2

o o *

755 5.4 1.686399 3 S 2

1000 2.7 0.993252 )
1200 2 0.693147
1345 1.8 0.587787

Table 12: Penetration Coefficient calculation

y=-0.003x+4.844
6 - Deff RP=02.563

® nMEexp
_inear.

0 200 400 500 §OO 1000 1200 1400 1602

Figure6: Ln MR, in proportion to the time for effective diffusivioefficient
calculation
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Experiment| Experimeni| Experimeni| Experimeni | Experiment
1 2 3 4 5

Models
RMSE RMSE RMSE RMSE RMSE
H&P 12.550: 15.822- 6.131¢ 6.131¢ 6.131
Lewis 60.791: 60.791: 60.79: 60.79: 60.7¢
Pagt 56.469: 56.462¢ 56.46: 56.46: 56.4¢
Re Pag 1.7293! 1.7293: 1.729: 1.729: 1.72¢
Two Term 5.5359 5.53590 5.5359 5.5359 5.535

Table 13: Statistical results of different thin- layer madelin drying

7. Conclusion

By studying the graphs and performed experimemstsiteand according to Curve nearby
to each other, we can present the fifth experinganthe most appropriate method to
reduce the tea leaves moisture in less time. Byetimgl calculations, as obvious in

experiments results and provided shapes in this jpaevery samples among the Page,
Lewis, Re Page, Two Term, Henderson and Pabis model can present the Re Page
and Two Term and Henderson and Pabis as best mdl#dsto the curves shapes of
Page and Lewis, these two models are not appregddathis section.
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