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ABSTRACT

Usillg dirti'wl t types of sellsors. the operation ill a steady and non-stcadu state (~f a rcrtical
dryer used for dryillg ceramic tile bodic« is studied. The crolution of tile bodi: cliamctcristics is
flIll1lysed H,hell the tile exits the drucr and after 1Il0difyillg IJllmer temperature setting» durillg
stoppage. gas flou: rate ill the stack and rccircutnting gasOOH' rate.

Til ~011le dryillg [a cilities co-generation ~ysteJlls are used unth internal gas combustion
motors. III the present study t7 series (~f modifications is propo:::ed regardillg existing [acilitics ill
order to optimist! curren t dryer lISC.

1, INTRODUCTIO:-l

During the tile manufacturing p rocess one of the m ain stages is dry ing of the tile
bod y [1'1. The tiles are mad e by unidirectional press ing of a granu la ted powder that
conta ins a cer ta in amou nt of wa ter (app roxim ately 0,033 kg water / kg d ry so lid ), which
acts as a binder between the so lid parti cles giv ing the body su itable cons istency. After
forming, the w ater must be rem oved from the body an d its surface hea ted before
decora tion. At present, tile body d rying is performed automatically and continuou sly in
vertical o r horizon tal drvers.
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Th e drying operat ion ther efore has two objecti ves: to elim inate moisture found in
the tiles and give them the appropriate temperature. Tile res id ual moisture fund amentally
cond it ions the mech anical characteristi cs of the tile bodv 13.451. If residual moisture is too
low, the tiles are ve ry rigid, not ve ry e las tic and can break ve ry easi ly under any
mechanical force. If residual moisture is high, its b reaking strength is reduced. On the
o the r hand, tile surface temperature principally affec ts its suc tion capability and there fore
the glaze ap p lica tion on the bo dy. A temperature th at is too low reduces the suctio n
ca pability of the body, ca us ing curva ture problems in green tiles, swam ping of the tile,
di mples, sticking in decorati on, etc. However, a temperature th at is too high ca n cau se
crac ks in th e glaze, pinholing, e tc.

Furthermore, it is im porta n t for the ch aracte ris tics of a ll the tiles to be the sa me, as
di ffer ent tile residual moistures and surface temperatures af ter exiting the d ryer lead to
di ffer ent tile behaviour during the glazing operation and hence to a fina l p roduct wi th
d iffer ent surface p roperties.

2. OBJECTIVE AND METHODOLOGY

At present very little informati on is available on the va lues of the dryin g process
variables and their evolu tion with time. Even the fundamenta l cha rac teristics of the d ry
body (resid ual moi sture and su rface temperature) are measured inc iden tally and
di sco ntin uously. There is no objective in formation on the effect of th e di fferent va riables
in the drying opera tion on the characte ristics of the dry body. Furthe rmore, as heat
co nsump tion in the drying operati on only accounts for 10% of tot al heat cons u m p tion in
the tile manufacturing operation, the as pects rel ating to its thermal efficienc y are
neglected.

The p resent stu dy seeks to measure the principal parameters of the d ry ing
opera tio n, establish ing the relation between drying opera tio n variables and the properties
of the dry bodies, and inc reasing dryer thermal efficiency.

The methodology used for carry ing out th is study firs t involved choosing and
positioning the senso rs in the ve rtica l dryer in order to measure the m ain variables of the
drying opera tion. Dryer opera tion under stan dard running conditions w as then st u died.
Thirdly, a se ries of actions w as carried out to anal yse the effect o f the principal dryer
opera ting variables on the p roperties of th e d ry tiles, and finally the exis ting co -genera tion
facilities associated w ith the d rye rs were stu d ied to a ttempt to improve th eir use.

3. DESCRIPTION OF THE MEASURING SYSTEM

3.1 DESCRIPTION O F THE DRYER

A ve rtica l d ry er was used in the present stu dy, equ ipped w ith tw o burners that use
na tural gas as fuel. Figure 1 shows the di agram of the dryer. It schematica lly illu str at es
gas and materials circu lation in side the dryer.
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Th e newly pressed tiles are p laced in a deck in the drye r, rep lacing dried tiles in the
same deck which leave the d ryer for the glazing lin e. The moist (new ly pressed ) tiles in
th e deck move upw ard s. The decks in which the tiles are set consis t of a plane of metal
rollers, and a certa in number of these decks forms a basket. Each basket is separa ted fro m
the o the r by a me tal shee t which p revents material from falling all ov er the dryer in case
of breakage,

When the new tiles move upwards they come in to contact with gases fro m the first
burner (Q , in Figure 1). These gases are collected in a sid e duct and come in to contact
agai n with the tiles in the top zone of the dryer. Finally, they are led to the rec irculation
area. The tiles s tart descending and come int o contact with the gases fro m the second
burner (Q, in Figure 1). Part of these gases, af ter contact with the tiles, go toward s the
recircu la tion zone, the remaining gases are evacuated to the stabilisation area. In this part
they are mi xed w ith ambient air, hold ing the temperatu re in the area

Figure :2 sh ows a scheme
of the ho t gas recircu la tion zone .
Most of the ho t gases collected
in the recircu la tion zone are
used as fuel in the burners, as
they have a h igh temperature
and oxygen con tent exceed ing
15%. The remaining ga ses are
eli m ina ted th ro ugh the stack,
purging the system .

Stack (CH )

0 1

Burne rs

Fi<.: lI fC2. DiaO;:/"iJII l of \:11';' circnlntiv n i ll tilt '
'- I"t'CirCllil1 thlll : O;IC I ~f tIlt'dryer.
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3.2. NIEASURED VARIABLES
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With a view to better understanding dryer operation, a se t of se nsors was fitted in
the dryer and the electric signal from each sensor was logged in a d ata acquisition system.
This asse mbl y allows establishing the va lues of the parameters in real time, visu alising
their evolu tion with time and stori ng them for analysis and processing. A total o f 8
va riables was measured continuously, usi ng the sensors listed in Table 1.

:\Irasu red Variabl e Sensor uSN Position Reference
(6gu... 2)

Co mbustion ga.~ tempera ture 31the J thermocouple 0 , To,
fi rst bu rner

Co mbustion gas temperature at the J thermoc ouple 0, TQ=
secon d burner

Fucl temperarure J thermoc ouple R T.

Gas dynamic pre ssure in the stack Pilo t tube CH "p
Micro pressure

gauge

Gas temperatu re in the stack J thermocouple CH TCIl

Gas humidity in the slack Capacit ive CH Ho '
hygrometer

Xarura l gas flow rate Flow rate meter Oc

Temperature oftiles exit ing the dryer Infrared T,
pyrometer

Table 1. Li:,t of rariaMej measured cOll fh lll lH6 ly

Su rface tempera ture of the tiles exiting the d ryer is a key parameter. The continuous
measurement of th is variable presents difficulties owing to its heterogeneity, the high
speed of the tiles at th is point and the need to pla ce the tile inside the dryer (basket and
deck ).

With a view to determining tile surface temperature an infrared pyrometer wa s
used, with a high-speed response ,n.7.<'. A specific d ata acquisition card for thi s application
ena bles gathe ring and analysing the temperature va lues measured by the pyrometer.
When the tile goes under the pyrometer, the measured tempera tu re starts rising rapid ly
until it reaches the instrument's meas urement ran ge. Of all the va lues measured, the
maximum va lue is stored in a file, wh ile the others are discarded . The maximum
tempera tu re values detected in each tile are classified by means of so ftw are developed in
the ln stituto d e Tecnol ogfa Cera rnica, wh ich enables associating the measurement
obtaine d by the pyrometer with the position of th e tiles inside the d ryer.

As well as the variables measured continuo us ly, residual moisture of the tiles exiting
the dryer and their mass flow were determined in a di scontinuous manner.

4. ANALYSIS OF D RYER OPERATIO N

Dryer operation under stand ard working cond itions can be ana lysed by cont inuous
measurement of the ope ra ting variables mentione d above. The stu d y wa s ca rried out w ith
tiles measuring 31x45 em, so tha t each deck in the dryer was made u p of two rows wi th
six tiles in each one.

I',CI· J 3l
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The evolution wi th time of the parameters invo lved in the working of the b urners is
plotted in Figure 3. The evolu tio n of bu rner tem per ature wi th time (T

Q
and T,J shows

] ~.

that, during the whole period of time cons idered , dryer operating is not steady. Stoppages
occur in the dryer caused mainly by inte rruptions in glazing line operation .

During the periods in w h ich d ryin g operation is steady, gas combustion
tem per at ure is d ifferen t in the two bu rn ers. In the first bu rner (Q]) the combustion gases
h ave an average tem pera ture of 190 "C whereas in the second burner (QJ the tem perature
is 170 "c. Du ring the stops, the bu rners work d ifferen tly, as the tem perature setting
established for periods of stoppage is lower than that programmed for working periods .
On sta rting up the d rying operation af te r a stoppage, a transition period is produced until
th e s teadv state is reached .

The temperature of the recircu lating gases (T
R

), used as oxidizing agen t in the
burners, is maintained at ap proximately 126 "C d u ring the stable opera ting period.
During the stops, th is temperatu re d ecrea ses sligh tly, due to th e fact that the drying gases
are at a lower temperature. The di fferen ce between the fuel tempera ture (T

R
) and the

temperatu re of the combustion gases (T~) is given by na tural gas combustion in the
burners .

150 9/1
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150 i /l z
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11:/1/1 13:00 14:0/1 15:00 16:11I) l i :O/l 18:/10 19:00 10:00

lime (h)

- To, - To: - TN - Q,

Figllrn 3. Erciuticn cfcombus t ion ga.,;,es at both bUnJL'rs (T;;; I (fIld L ) . of
reci rculat i llS sa" temperat ure (T~) I7nd (~f notumi SII:'> jlm!' m te (Q...' :

The natural gas flow consumed a t the burners is uniform while the dryer opera tes
in a steady state, and lies a t around 60 Nm' I h; during the stops, fuel consu mption is less
due to the low er tem per a ture se tti ng of the burners.

The evolution during the sa me period of time of the gas variables in the stack is
shown in Figure 4. It can be observed that in the absence of s toppages, the variables
remain a t an ap proximatel y constan t val ue. During the stoppages, dynami c pressure (t.P)
decreases, so tha t the flow of gases circ ula ting in the stack decreases and the tempera ture
(To i) drops, becaus e the temperature se tting of the burner s decreases. Gas humid ity (H e)
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a lso decreases during stops, as no moist tiles en ter the dryer, w hile natural gas
cons u mp tion du ring stoppages also dro ps.
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p.J _. . w.: ~ _...... . .
Hr.

120

'i f' 'N . wr AI

o 0
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time (h )

Fi~ltrt, -1. Etolution l!.l tt'JIlpcratl /ye (T (H)' IlI/w idity (J( IIJ and dy/llll/l ic prt' :;:' :;:' IIJ"t'

(,1P) (~f the SaSi'S (;r(l ila!;'l.": ill tile itrycr stack.

Figure 5 shows the evolution w ith time of the surface temperature of the hottest tile
(TI" ) and of the coldes t (TI") in the deck, on exiting the dryer. It can be observed in the
figure that , in the stea dy running period s of the dryer, the temperature of each tile wi th
time is not cons tant, and that its value depend s on its posit ion in the dryer deck. After a
stop, the tiles exit a t a d ifferent tempera ture, first colder and then hot ter th an usu al. In the
following sections the evolu tion of tile temperatures on exiting the dryer w ill be ana lysed
in more detail.
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4.1 DRYER O PERATIO=' UN DER STEADY CO~DITIO:\S

III QUALI

This sec tion presents and ana lyses the va lu es of the parameters measu red during the
operating of the dryer in a stead y sta te. The p lot of the temperature evo lution of the three
tiles in the first row, as well as ga s combustio n temperature, is shown in Figure 6. During
d ryer opera tion in a stea dy stat e, d rying gas temperature remains practically constant.
Tile temperature, however, is not unifo rm ; eve n the tiles in the same position in the deck
sho w periodic swing s, which are simila r in a ll the positions in the deck. There are also
differences between the d ifferen t positions in the deck.
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Figure 6. Etolnticn (~f Ctl/lll'l/:;:.fitlll sa:' temperatu re fT,) mId temperature l~f the tile::, ill tlu:
fir~t rt l;:{ ' l!f the dcct: (T.J Hilda Sft'lldy 0l'cratilrgconditioll:.'.

Figure 7 p lots the evolu tion wi th time of the temperature of the first tile in each deck.
In this figure cyclic be ha viou r can be observed, w ith a pe ak at every 13 values, which is
the numbe r of decks a basket contains. Th e tiles set in the decks in the top part of the
basket have a higher temperature than the others and. as the basket emp ties, tile
tempe rature d ecreases.
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This be haviour could be caused by th e presence of the metal sheet at the top of each
basket. The presen ce of this metal surface modifies gas distribution in the top region of
the basket , producing the effect described. The maximum temperature d ifference between
tiles set in the same position in the decks of a basket is approximately 10 "c.

As alread y mentioned, the tiles set in d ifferent position s in the decks present
di fferen t temperatures (Figure 6). The grea tes t temperature di fferen ces are found be tw een
the first tiles of the front row (position 1) and the last tiles of the back row (position 6).
Figure 8 sho ws the temperature evolu tion of tiles in the se positions. It can be observed
that the tile in posi tion 1, first in the deck to leave the dryer, is hotter th an the tile in
position 6. In the period of time plotted in Figure 8, the maxim u m tem perature differen ce
between both tiles is around 20 "c. Therefore, the temperature of the tiles fed to the
glaz ing line d ep ends on their posit ion in th e d ryer deck as well as on the position of the
deck in the basket.

130 r-- - - - - - - - - - - - - - --- ----,

1/ :45l/:431/ :411/:39J1:3 7

100 L- --'

1/ :35

115

105

I/ O

_ 110

U
'--
~~ ll5

tim e (h)

- Tp I - T""

Figure 8. Temperature l'l'O!lIt i011 l~f the hottest site fT PJJ and of the ((lldl·~ t tile (Tr,.} i ll tlte deck.

With the measured temperature values, the average temperatu re of each tile can be
calculated in the different deck positions. The result obtained is ori en tationa l, since as
already men tioned previou sly, the temperature of the tiles in the sa me position is not
constant. The values found are shown in Figure 9. It can be observed in this Figure that the
maximum differen ce between the average m easured temperatures in a deck is around 10"c.

L 107 7/ 106 7I

L 112 ~
111 7I

DRYER

L 116 ~
112 7I

GLAZING~
LANE

Figure 9. A r't'rage tile temper aturein t1 dryer deck.
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4.2 ANALYS IS OF DRYER OPERATIO:-\ UNDER XON-STEADY CO:-\DITIONS

The analysis of dryer opera tion during several d ays of work showed the ex istence
of stoppages, fu ndamenta lly caus ed by standstills in the glazing line. The effect of the
stops on the working of the dryer diifers depending on the length of the standstill. When
ana lys ing the res u lts, it was cons idered con venien t to classify the stoppages in three
groups according to their duration : short « 1 minute), in termedi ate (be tween 1 and 5
minu tes) and long (» 5 minu tes).

The actio ns performed by a dryer at an inciden ta l moment of stoppage depend on
the type of d ryer. In a ll dryers, w hen a s top page occurs, the burners operate wi th a
di fferent tem perature se tt ing from the one progr ammed for normal running times, and
the ba ske ts stop . In the dryer invo lved in thi s s tu dy, if the sto ppage is over tw o minutes
four baskets descend to the stabilisation zone . When the dryer s ta rts aga in the tiles that
were about to leave the d ryer before th e sto p page exit the dryer, and the burner s start
opera ting at the usual temperature setting.

Figure 10 plots temperature evolution of the combustion gases fro m burner 2 (To)
and the temperature of the tiles in position 1 (Tp l ) on exiting, during a period of time in
w hich several short stop pages occurred.

20:00

I, .. ,I .

/ 9:00/8:00/ 7:00

time (h)

200

TQ!

/ 75

/ 50

t / 25
TPI

...
100

75

50

/ 5:00 / 6:00

Figu re 10. I IIJ7l1t'lIce (:( :'o l1ort 5tOppllg t'5 01 1 t il e tempe rature,

It can be observed that tile temperature ha rd ly changes when a short sto ppage
occurs. If several short stop pages occur one after the other, tile temperature in crea ses
slightly, but afte r a few mi nutes it returns to its normal value. Therefore, dryer operati on
sca rcely alte rs after a sho rt standsti ll.

Figure 11 plots the behav iour of the dryer during an intermediate stoppage. After
the stoppage th e burner tr ies to reach the programmed temperature se tting to w ork under
stea dy conditions, but it takes some time before it can reach this tem pera ture, as swings
occur a rou nd the se t value. Tile temperature drops approximately 10 "C af ter the stoppage
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and after a few minutes returns to the value it had before the stop. A relation ap pears
between the tim e it takes the burner to reach the se t temperatu re and the tim e that elapses
until the tiles leave the d ryer again at the desired temperature. In th e exa m p le cons idered,
thi s time is 15 minutes.
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{v-V'---- .../""j

\/ 5 min
TPI

Ill. , , l! I I I I I I ! ll. , lU, ~.,,'! LLI I .1. lUll 1 ' ,
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i II, ,I
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time (h )

09:l0 09:./0 IO:(JlJ

F(~ l l r(' 11. 1I/j1 l/clI(t' (~f 11 Moppage~f intermed iate duration Oil tile temperature.

Figure 12 shows the behaviour of the d ryer during a long stoppa ge (I 5 minu tes).
When the stoppage occurs, the temperature of the burners d rops to the tempe ra ture
program med for stops. When the dryer starts run ning aga in, the burners try to reach the
temperat ure se tting for steady ope ra tion, but the bu rners need time to stabilise the
tempera ture.
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In this case ti le temperature is greatly affected by the stop . The first tiles lea ving the
dryer are colder than usual, as they were in the stabilisatio n zo ne d uring the stoppage,
and in this part of the d ryer the temperature is lower. Th e temp era ture of the tiles lea ving
the stabilisa tion area afterwards is high er. This is because the set temperature of the
burners during stoppage, although lower than the working temperature, is higher than
that required by the tiles leaving the dryer. Residence time of the tile s inside the dryer at
th is temperature makes them hotter th an u su al on exiting the dryer.

The effe ct of the stop continue s until the tiles are to tall y rep laced ins ide the dryer.
In the case analysed, this took 33 minu tes a fter resuming d ryer opera tion, w hic h is
prac tically a complete drying cycle. The m aximu m temper ature difference between tiles
leaving the dryer after the stop p age, until the stead v state is re-establ ished, is
approximately 40 "c.

4.3. ACTIONS PERFOR:VIED

This section presents the resu lts of th e ac tions ca rried out on modi fying some dryer
opera ting variables . In the analysis of the resu lts, the effect of the new working con d ition s
on ex iting tile characte ristics, surface temperatu re and resid ual moist ure content was
assessed .

The ac tions performed consisted of modifying the burner tempera tu re settings in
the stop page situa tion, decreasing the flow ra te of gases circu lating in the stack and
reducing the flow rate of recirculating gases. In all the cases after m aking a cha nge,
enough time was allow ed to pass to enable the dryer to reach a steady sta te, then
recording the stable values of each measured parameter.

4.3.1. M odifi cation of tile bumer temperature set ring for stoppage

The objecti ve sough t w ith this action is to reduce the effect of long stoppages on
exiting tile temperature. In order to red uce this effect, described in section 4.2, the
temperature se tting during stoppage of the first bu rner (T

Q
. ) was lowered and that of the

second burner (TQ' ) was raised.

The firs t tiles to leave after the s topp age had been in a dryer area during the
stoppage where the temperatu re is fu ndamentally a ffected by combustion gases fro m
burner 2 (stabilisa tion zo ne). Increas ing the set tem pera tu re during stoppage of thi s
burner (TQ,) w as intended to relieve the temperature decrease of the firs t tiles exiting the
d ryer (Figure 12). On the other hand, the tiles subsequen tly exiting h ad remained during
the s top in d ryer zones w here the temperatu re is mainly determined by gases from burner
1 (TQI ) ' The tempera tu re se tting of this burner d uring stoppage was low ered to try and
decrease the temperature rise experienced by these tiles afte r stoppage.

Initial Action I

Tn. e CI 135 100

Tn, (OC I 130 160

Table 2. Set temperatures progYlIIIllllt'd durillg ~toppagt'.
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The concrete values of the tem peratures are set out in Table 2. Figure 13 plo ts the
result of the adj ustments. It can be obse rved in the figure tha t the temperatu re of the firs t
tiles leav ing after stoppage remain s practically at working values. Furthe rmo re, peak
temperature reached by the tiles after stoppage, is not as high as in the initial situation
(Figure 12).

Raising the temperature setting for stoppages of the second burners succeeds in
maintaining the temperature of the first tiles exiting the dryer. The temperature decrease
of the first burner reduces the heat received bv the tiles found in the intermediate zone of
the dryer during stoppage and there fore their temperature wh en leaving. However,
temperature of the gases in the zone affected by the first burner does not d rop below
125"C (Figure 13), despite programming a temperature of lOO"C. The refo re, the
temperature rise of the tiles in the inte rmediate zone is still considerab le (22"C), altho ug h
less so than at the beginning (40"C).
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170
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't, 150
........r- V
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90
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10:00 /0:3 0

time (h)

_ TPI - TQ ! _ TQ1
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Figure 13. Dryer operation willi 'H 'W bllr1lt'f temperature :,dtillgs ill st0ppilges.

4.3.2 Reduction ofgas fl ow i ll tile stack

Figure 14 depicts the Sank ey d iagram for a vertical type dryer. These diagrams
show the percentage each st rea m contribu tes to the to tal ene rgy flow in a thermal
process.
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> Raw materials enthalpy 5 - 10%

\
Stack gas enthal py

35 -45%
Vertical dryer

Wall and leak losses
5 - 10%

Combustion head
Product enthalpy

90· 95%
15 - 20 'ljo

Evaporation
30 - 35%

Fi,~lI rc 1-1. Sa!lkt'.l/ diagram .It)r ll,'c rtical dryer.

As can be d ed uced from the Sankey d iagram, most of the energy losses occu r via the
d ryer stack (betw een 35 and 45% of the total contribu ted ene rgy ). Abo u t 10% of the energy
su pplied to the sy stem is lost through the d ryer wall s and un cont rolle d leak s. The refore
in order to increase the ene rgy efficiency of the dryer, it wou ld be conve nient to red uce the
en thalpy of the gases in the stack, besides carrying out correct mainten an ce of the facility
to improve therma l insu lation and avoid un cont rolled heat leaks.

To red uce the enthalpy of the gas stream in the stack the gas flow rate was reduced,
closing off the stack by 50%. Under the new cond itions the d ryer operated correctly and
the tiles cou ld be p rocessed w ithout a ny prob lems in the glazing line. Table 3 shows the
p rincipal pa rameters of the new ope ra ting cond itions.

Para meter Initial situation Ac tion

Gas 11m>,: rate (N m.',. h ) 4900 3000

Gas humidity ( g wa ter/kg dry air) 75 R5

Gas tempe rature ("C) 130 11"

Natural gas consumption (~m\:h) 60 52

Average tile temperature ("C ) 112 105

Al'eak T of tiles in the deck ("C) 10 7

Tile residualmois ture content (%) 0. 1- 0 .2 0.2 -0.'"

The red uct ion of the gas flow ra te in the stack cause s its temperature to decrease
(5"C) and raises its moistu re content. O n decreasing flue gas temperatu re and flow rate,
energy losses are redu ced, and hence nat ural ga s cons u mp tion at th e burners. In the
stu d ied case, fuel consu mption wa s red uced by 13 %.

1'. ( ;1 - :'I-l l
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The cha rac te ris tics of the tiles leaving the dryer altered on reducin g gas flow in the
stack. The average temperature of the exiting tiles fell (5"C), p robably as a result of the
rise in moisture and lower temperature of the recirculating gases . Th is led to an increase
in tile residual moisture on leaving the dryer, which if the rise does not exceed certa in
limits (around 0.5%) could eve n be beneficial for tile behaviour during glazing . The
maximu m temperature difference betw een tiles in the same deck is reduced by 3"C,
possible owing to the rise in pressure inside the dryer caused by closing off the stack.

Partial closin g of the stac k va lve did not produ ce sign ificant varia tions, bu t greater
reductions in the hot ga s flow in the stack could be expected to produce exiting tiles th at
were too wet and cold , wi th the resulting danger of break age, inadeq uate suc tion, etc.,
du ring tile decoration. Therefore, it is convenient to achieve a balance between all the
facto rs.

4.3.3. Decrease of recirculating gas flow rate

The fuel used in natural gas combus tion in the burners is mainly mad e up of d rying
gases w hich recircul ate in the dryer (Figure 2). The action proposed involves red ucing th e
flow rate of such gases, using a frequency modulator in the fan driving the gases.
Specifically the recircu lating gas flow ra te wa s reduced gradu ally until reaching 80% of
the initial flow. The burner temperature se tt ings were held at the usual valu es.

Table 4 shows the values of the most important dryer operating parameters during
the actions performed an d th e most important results obtained. In view of th e values in
Tabl e 4 it can be obse rved th at, on reducin g th e recirculating gas flow ra te, w h ile tile
residual moisture increased, temperature and natural gas cons u mp tion of the d ryer
decreased. Th at is to sa y, reducing the recirculating flow decreased dryer cons u mp tion by
reducing exiting tile temperature and increasing tile res id ual moisture. On decreasing the
recircul ating gas flow ra te, the amou nt of heat entering th e dryer and the gas velocity w as
reduced , w hich lowered the drying rate.

Flow of recirculating gases relative 100 90 80
to initial flow (%t)

Tiles TpCC) 90 82 75

Hp (%) 0.20 0.36 0.50

Fuel Or (kcal/kg dry t ile ) 52 47 42

Saving (% ) - 5.6 19.2

Table 4. Effect of recirculating gas flO'll' rate reduction.

The temperature and residual moisture cont ent required by the tiles leaving the
dryer depend on the sequence of app lications in the glazing line. Op timu m temperature
of the exiting bodies depends fu ndamentally on the model bein g p roduced. Usually the
temperature varia tion rang e is found between 75 and 125°C. Th e optimu m va lue of
exiting tile res id ual moisture is diffi cult to determine, as it d epends on each com position .
Genera lly residual moistures between 0.2 and 0.5% give good results.
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In the case s tud ied , a tempera ture red uc tion of the ex iting ti les of l5"C (from 90 to
75"C) and an increase in res idual mo isture o f 0.3 %, di d not give rise to any problems in
tile decora tion. Under the new ope ra ting co nd itions fuel consu mptio n was app roxima tely
20;" less. This ind ica tes that d ryer o pera tion was not op timu m for the model bei ng
produced, as the ti les were heated to a hi ghe r tem perature than necessa ry, thus increasing
energy consumption.

O n some occasions tile tem peratu re is ad justed fo r di fferen t applica tions, w h ich
makes it impossib le to reduce rec ircu lating gas flow ra te w ithout modify in g d ryer
runn in g cond it ions. In order to sim ulate th is s ituation, anothe r se ries of actions was
ca rried ou t, red ucing recircul a tin g gas flo w ra te but m ain ta in ing ex iting tile temperatu re,
by conveniently modi fying the te m pera tu re setting of th e second d ryer bu rne r. Table 5
show s the va lues of the most re levan t operat ing parameters of the dryer d uring the
actions perform ed and the most import ant res u lts obta ined.

In v iew of the values in Table 5 it ca n be a ppreciated tha t, in the ac tio ns performed ,
ex iting tile tempera ture was ke p t consta n t an d residual m ois tu re was increased . In th is
s ituat ion, th e energy sa ving was 11.3%, lower than tha t ob ta ined in th e previous s ituation
(20';',). Therefore, red ucing the rec ircu lating gas flo w ra te lead s to a d ecrease in natu ra l gas
consum p tion, w hi ch is h igher o r lower depending on the cond it ions of the ex iting ti le .

The possibility of mod ifying th e rec ircu lat ing gas flow rate a llows contro lling till'
res idual moisture and tem pera ture sepa rate ly w ithi n certa in limits. Th is is im possible a t
p resent si nce , on modify ing tile tempera ture by means of the burn er se tt ings, tile residu a l
moisture also change.

Recirculating gas flow rate rel a tive HIO 90 80
to init ial now (°/0)

Burners TPQ I"C) 120 1.20 120

To, ("0 150 150 150

To, ( C) 2 15 225 235

Tiles Tp("C I 113 113 112

Hp ( % ) 0.10 0.37 0.49

Fuel Oc (kcal/kg dry ti le ) 71 67 63

Saving ( '~ 'ld - 5.6 11.3

TaMe 5. E.fll'd of reducillg t flt' rtYirclllilti"s gl1~ p O'U' rate. kccpillS fill'
tcmpemtnrc constant.

Th is iact is especially interesting w he n, as a res u lt of the applicat io ns in th e glazing
line, the exiting ti les need to ha ve a h ig h te m pera ture . As the flow vo lu me of the
recir culating gases is const ant , under th ese cond itions tile residual mo is tu re is vcrv !(HV,

or a t times zero, thus increasing tile b ritt leness. If the rec ircu la tion flow is reduce~i and
temperature decrease is com pensated by inc reasing the second bu rner setting (as already
described in thi s section ), it is possible to hold tile temperature w hile increasing resid ua l
mois tu re content an d therefore tile resist an ce to frac tu re .

I'. CI - .14-"1
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5. OPTIMISI NG EFFICIENCY IN THE USE O F CO -G EN ERATION SYSTEM
OUTPUT IN VERTICA L DRYERS

Some tile body drying facilities use co-ge nera tion systems with internal comb ustion
motors. These systems p rovide thermal energy for d rying (in the form of hot gases) and
elec tric ene rgy, increasing the overall energy efficiency of the drying ope ra tion.

The strea m of hot gases from a co-gen eration system is fed into the dryer in the
recircu la tion d uct, th us increasing the temperature of the recirculating gases and reducing
the thermal leap that the burners need to prov ide. The manner in which these gases are
fed into the dryer cou ld opt imise the efficiency of co-gene ration facility use. In thi s section
a series of actions is described d irected toward s optimising the efficiency in th e use of the
ene rgy outp ut of the co-generation facilities.

5.1. CU RRE:-':T SITUATION

The present situation in most dryers tha t use co-ge neration sys tems is reflected in
the d iagram in Figure 15. A single fan set in the recirculati on duct. before the dryer stack
and beh ind the co-gene ra tion gas entrance, drives the mixture of co-gene ra tion and
recircul ating gases. Unde r these cond itions, part of the ene rgy provided by the co
ge ne ra tion gases is lost directly th rough the dryer stack. Therefore one of the first
improvem ent s wou ld consist of feed ing in the co-gene ra tion gases afte r the dryer sta ck.

Subseque ntly the recircul ating gases are fed as fuel to the burners (Qt and Q,), which
are responsible for increasing the gas temperature until the se t temperature is reached in
each case (TQ I and TQ'). The flow rate of the co-gene ra tion gases is determined by the
temperature of the gases before being fed to the burners (TPQ)' Thi s temperature shou ld be
slightly lower than the burner temperature setting, for the burners to actually control the
tempera ture inside the d ryer. As there is a commo n entrance for the prehea ted gases to the
bu rners, their temperature must be less tha n the lowest burner temperature setting, whic h
causes inefficient use of the co-gene ration system.

Co-generation

Recirculation

Slack

T""

Dryer

5.2. PROPOSED MODIFICATIO NS

After ana lysing the present situation, with a view to optimising the use of the co
genera tion facility, it is proposed to feed in the co-generation gases after the stack, and do
so separately to each burner. These modifications are set ou t in the diagram in Figure 16.
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C0 - generation

Stack

Dryer

Recirculatio n

Co-generation

Fi~IIIY 16. Separate cntmncv t ~f tltv co-gcnemtton S(/,t'~ to l'lId , burner.

In thi s di agram, the s tac k remains before the co-gene ra tion gas feed and the flow of
the these gases can be adap ted to the need s of each burner to achieve the ap propriate
tem pera ture. In th is way the en tha lpy of the ga s stream in the stac k is reduced and
co nsumption of co-genera tion gases is increased, be cau se part of the fuel can be heated
beforehand to a higher tem perature.

However, w ith present dryer design this arrangemen t p resen ts so me engi nee ring
problems. To in co rpora te the co-gene ra tio n gases in to th e recirculating ga ses, the pressure
in the co-genera tio n d uct mu st be higher than that found in the recirc ulating gas duct .
Th is ca n on ly be achieved by additional fans driving the co-gene ra tio n gases tow ard s th e
recirculatio n duct o f the d ryer. This new si tuatio n invol ves an ad d itio nal in vestment and
in most cases, not enough space is ava ilable in factory p lants to im plemen t th is.

These problems can be so lved w ith the latest ge nera tion of d ryer s. In these dryers,
the rec ircula ting gas duels to the bu rne rs a re independent for each burner an d each is
fitted w ith a fan. Furthe rmore, the stack ex tracts gases d irectly from inside the dryer, and
not from recircu lati on. With this design, co-ge neration gases ca n be fed as fue l se pa ra te ly
to each burner witho u t need ing to install ad d itio nal fan s, feeding in the gases in each
recircul a tio n d uct before the fan . Figure 17 shows the scheme of th is si tua tio n, w ith two
indepe nden t recircu lati ons in the sa me dryer.

Recircu lation

Co-generation

Co-gene ralion

Stack

Dryer

Figure 17. Stp/l"litc di:,trilllltioll of t!le co-gclleration gll~t'S i ll II dryer ,cith t Il'll recirculation duct».
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To evaluate the effect of the proposed modificati on s on the ene rgy cons u mp tion of
the dryer, energy con sumption di stribution in the d ryers wa s calcu la ted in each case,
di stinguishing whether the thermal energy is p rovid ed by the burners or the co
ge nera tion gases (Table 6).

Energy co nsu mption (kcaUkg dried tile) Variation of co nsumption (%)
Situation

Co-generation Burners Total Co -generation Bur ner s

Initial (Figure 15) 6 1 52 113 - -

Co-generatio n gas 72 40 112 - 18 -24
distribution (Figure 17)

Table 6. AlIalY5 i~ of thermal energy cvnsununicn by the dryer ill the two sitllafilHis siC/died.

In the first pl ace it sho uld be noted that tot al dryer consu m p tion is kept
ap proxima tely constant. However, on se parately di stributing the co-genera tion ga ses,
burner cons u mption drops by 24%, increa sing the consum p tion of the co-genera tion
system ou tpu t.

Th is situa tion shou ld be taken int o accoun t on designing a new co-genera tion
facility, as thi s can raise its efficiency. In the dryer facilities where a co-ge ne ra tion sy stem
alrea dy ex ists, it is in teresting to es tablish if there is excess energy from that system . If th is
is the case, the modificati on proposed is highly recommendable w ith a view to making
better use o f the co-genera tion system, w hile reducing natural gas consu mp tion at the
burners.

6. CONCLUSIONS

In view of the results obtained in this study the following conclus ions can be drawn :

Standord opera ti"S conditions.

- With the senso r elements installed in the d rver it is possib le to monitor d rye r
opera tion continuo us ly and in real tim e.

- The temperature mea suring sy stem of the tiles exiting the d ryer is su fficien tly fast
and accurate to monitor thi s variable w ith tim e. Th e softwa re used allows
monitoring the evolution of tile temperature with tim e, according to its posi tion in
the dryer.

- In the dryer stud ied, temperature of the tiles exiting after stop pages was only
significantly modified when the stops lasted longer than 1 minute. Th e durati on of
the di sturbance depends on the length of the stop, at w orst, las ting as long as a
d rying cycle.

Actions carried out

- Th e burner temperature sett ing during the stops influences the tempe ra ture of the
tiles exiting the d yer. The chan ges made in these temperatures in thi s study have
allowed reducing the effect of lon g stops by nearl y 50%.
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- The decrease of the stack flow ra te produces a reduction of energy cons um ption in
the dryer. This decrea se is accompanied by a rise in tile residual moisture and
decrea se in surface temperature, so th at the gas flow in the stack canno t be reduced
w ithout taki ng these effects into account.

- On reducing gas flow ra te in the stac k, by partly clos ing off the sta ck, pressure rises
insid e the dryer, thus smoothing tem perature d ifferences in the tiles.

- At present, it is not possible to independen tly modify temperature and residual
moisture of the tiles ex iting the dryer. The p ossibility of modifying the recirculating
gas flow ra te a llows independent con trol of both variables with in certa in limi ts,
increa sin g dryer flexibility.

- The decrea se in recirculation gas flow rate in the dryers, keeping the remain ing
variables constan t, red uces dryer energy consumption, increases tile resid ual
mois tu re and decreases its tempera ture . Temperature reduction ca n be
com pens ated by rai sing the burner temperature setting, which reduces the ene rgy
saving , though the fin al energy consumption of the dryer was still less than in the
initi al situation.

Co-generation slfstcm

- Th e most efficien t thermal us e of the co-generation facility is ach ieved by feeding
in the co-generation gases af ter the stack and separa tely feeding these to ea ch
burner in th e dryer. With this sy stem, the use of the co-generat ion facility o u tpu t
rises by between 20 and 25% with regard to the arrangemen t u sed at present.

7. RECO MMENDATION S

In view of the results ob tained in the presen t stu dy, the followiJ;\g recom me nda tions
can be suggested as regards the opera tin g of the dryers and co-genera tio n systems
employed in the d ryers:

- Address au toma tic contro l of the drying operation by taking as a va riable con tro l
of tile surface temperatu re .

- St udy the feasibility of reducing gas flow ra te in the dryer stack, since its effect on
d rver energy consu m p tion is very high.

- Use frequency modul ato rs to reduce recircula ting gas flow ra tes , and thus d ryer
energy cons u m p tion, pa rticu larly in drye rs where exiting tile residual moi stu re is
verv low.

- In dryer facilities fitted w ith co-generation systems havin g excess co-genera ted
thermal energy, analyse the possibi lity of separating the feed of co-generation gases
to each burner. Thi s action enables reducing betw een 20 and 25% of burner energy
consu mption, th us optimising the use of the co-generation fac ility.

- Design new co-genera tion facil ities in d ryers w ith separa te gas feed to each b urner.
In th is w ay it is poss ible to use a greater quantity of co-genera ted th erm al energ v,
in creasing the efficiency of the co-genera tion facilities.
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