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Abstract

The possible application of energy effincy indexes is presented in the
paper. Due to various drying conditions and various process variables the
indexes’ values cannot be quantifiedfired values. The method of defining
critical index values is presented. The dgysystem can be evaluated as useful
or useless in the given conditions. Thergetic efficiency indexes are used in
an expert system in order to evaluate and compare convective tower dryers.
Various drier producers present differengidg indexes. Due to a large variety
of driers’ quality coefficients, custongeicannot compare different driers. The
expert system can calculate the drying indexes based on the available data. The
user of the expert system is informed which quality class the drier belongs to. If
a few driers are evaluated, the expert system additionally ranges them.

Introduction

Newly designed and existing drying systems can be evaluated. The typical
examples are the prototypes, specinoémre-production batches, inspection
lots of mass production and modernized installations. The user expects
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unequivocal information regarding the drgisystem’s usefulness. The drying

system’s multicomponent evaluation could daried out by an expert system

with the values of efficiency indexes, which are calculated by process variables

and previously formalized and implemented knowledge. The drying system, in

the classification task, could be ascribedone of two categories: useful or

useless. The state of being a membieeach class implies technological and

economical evaluation. The schematic diagaf the expert system is presented

in Fig. 1. According to the evaluationgmedure it is necessary to maintain the

following steps:

« making assumptions,

- identification of the dryingystem’s configuration,

« determining the values of process variables in typical points of drying
installation:

— simulating the drying process in the identified drying configuration,

— using data derived from exploitation tests,

« calculating the technology, energy and economy efficiency indexes,
« evaluation of energy antdchnology efficiency,

« evaluation of economic efficiency,

« estimating the usefulness of the evaluated system.

In order to evaluate the drying system in a complex way, it is necessary to
know its technological and economicalaaeters. The purpose of this research
was to evaluate the thermal energy efficiency of the drying system. The
essential technological parameters, spdinsable to reckon energy efficiency
indexes are as follows:

« drying system configuration:

- the size and furnishing of the drying column;

- the type of the furnace and its capacity and thermal efficiency;

- the air supplying and recircilag ducts specification and their
dimensions, types, thermal insulation type and thickness, the kind of
recirculation;

- the specification of fittings, cyclones and fans.

« the values of process variables:

— ambient air parameters: temperature, humidity, air-pressure;

— the initial and final drying air parameters: the required temperature and
humidity in the drying column inlet and in different installation points,

— the initial and final material temperature and humidity;

— the fuel expenditure, the values cobkldefined by the producer or could
be determined during exploitation testr upon heat balance calculation;

— the electric power expeiidre (installed power);

— the weight of the installation which is heated up;

— defined by the manufacturer dryingapacity for different drying
materials.



2-2006 MAINTENANCE PROBLEMS 207

Data definition module

-
| |

. . !
Making the assumptions !
| |
| v v \ 4 i
1| Simulated dryer without Simulated dryer with Exploited |
i drying air recirculation drying air recirculation dryer i
R N ' R
\ Calculation | N
! module |
! 1
1 - 1
! Mathematical Neural :
model model :
| |
:_'_'_'_'_'_'_'_'_'_'_'_" ;'_'_'_'_'_'_'_' B Bl Bt R EEEEEEEEEEEE EEED '_'_':
| |
h 1
' Dryer parameters A i
| selection ] o ] !
: Energetic efficiency evaluation !
| Evaluation :
| module :

Final report

Fig. 1. The outline of the expert system on energetic efficiency evaluafidrying systems

1. Energetic efficiency indexes quantification

Energy evaluation includes heat, yog air and dried material
expenditure upon the values of energetic efficiency indexes are defined [4].
Boundary values of energetic efficiency measures depend on process
conditions. The unequivocal, arbitraryegetermining of energy efficiency
indexes values is impossible and the boundary values must be calculated for
every process according to the values of process variables. The boundary
values calculation is presented using #xamples of the thermal efficiency
index (Eu/E’) and the drying index (M"/M’).

EJ/E index describes which part of the inlet energy) (determines the
energy used for achieving water evaporatigy);(it is the thermal efficiency of
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the drying system. Denomination of boundary indexes values necesgitates

and E' values analysis. The evaluated dryer is compared with a theoretical

dryer, where material is dried to the same final humidity as in the real dryer. In
the theoretical dryer, drying materialnist heated up and the drying process is
isenthalpic

[1, 2]. The procedure for defining theetimal efficiency of a theoretical dryer

includes the following:

1. Dried material fluxM’ is the same as for a real dryer.

Initial and final dried material humidities are the same as for the real dryer.

Dry matter flux of dried material is calculated according to equation (1).

Drying air flux is the same as for the real dryer.

Final absolute air humidity is calculated upon equation of continuity (2).

Final relative air humidity is calcuked according to equation (3). As an

equilibrium, absolute material hunityd was set up for the real, final

absolute material humidity. The tesrpture value in equation (3) was
established as the initial material temperature.

7. Final air temperature (dry thermometer temperature) was calculated (5) for
final absolute air humidity x” (2 equilibrium relative humidityg” and
known barometric pressurg,. The partial air pressure is calculated
according to equation (4)

8. The final air enthalpy is calculated according to equation (6).

9. The initial air enthalpy is equal to final air enthalpy.

10. The enthalpy of ambient air blown intbe dryer is calculated according to
equation (6).

11. The heat flux lead in the theoreticdryer is calculated according to
equation (7).

12. The heat used for evaporating the wasgecalculated according to equation
(8-10),a andb coefficients depend on drying material.

13. Maximum thermal efficiency of the theatical dryer is calculated according
to equation (11).

The thermal efficiency of the evaludtdryer is compared with the thermal
efficiency of the theoretical dryewnith no heat recuperation. The boundary
values of the thermal efficiency indare arbitrary (1213). The user could
change them according to his demands, changip@ndwyy indexes values.
The thermal efficiency index is assigned to a very good class as long as its value
is higher than the value of the maximuaiue of thermal efficiency index of the
theoretical dryer without drying aiecuperation. For other thermal efficiency
classes, the ranges are presented in Table 1. When a few dryers are compared,
the higher thermal efficiency the better the dryer.

oghswWN
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Table 1. The boundary values for thermal efficiency index

The evaluation of thermal efficiency indEx/ | The values of thermal efficiency ind&/ E’
E (179 (179
very good s 21
good e >N 21y,
satisfactory N >1Ns 2Ny
poor N >N 20
useless 75 <0

Drying indexM” /M’ is a ratio of the inlet drying material flux to the outlet
drying material flux. This index is a press of the efficiency index. The drying
index values fall into the range of 141) to 1. The boundary values for drying
index classes are calculated using equiati(14-17) and presented in Table 2.
Material should be dried to the humidiscommended for storing. It is possible
to dry the material to equilibrium hudity (for storing conditions). Further
drying is unprofitable, because the matksvill be humidified to equilibrium
humidity anyway. When the index values are smaller than zero, the drying
system is useless. The material wasbpbly damaged by burning. Index values
higher than 1 are assigned to an eselclass. These values could testify
material humidifying in the dryer. The values assigned to a very good class fell
into the range between recommendmad equilibrium humidity. When the
drying index is higher than for equilibrium humidity, it is evaluated as good
because even over-drying secures safe storing. The user is asked for the
boundary material humidity determiners. The drying index values which fall
into the range between indexes for boundary humidity and recommended
humidity are evaluated as satisfactoddl drying index values less than
calculated for material boundary humidity are evaluated as poor. When a few
dryers are compared, the closer thgimdy index to the recommended humidity
(in the very good class) thetber the drying process (18).

M") _ 1 a4
M) (L+u)
M") _(L+u,) as)
M') (@+u’)
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Table 2. The boundary values of drying indé&Xx/M’
The evaluation of drying indeM” /M’ The value of drying indeM” /M’
very good (M"/M?), <sM"IM's(M"IM"),
good (M"IM), <sM"/IM'<(M"/M "),
satisfactory M"/M), <M"IM'<s(M"/M ')g
poor (M "M ')g <M"/M'<1
useless M"/M'>10M"/M'< (l+1u )

2. The application of energetic effi@ncy indexes for the drying system

In order to evaluate the drying system, it is necessary to define a
multidimensional space of the drying st characteristics and their values
must fall into their particular ranges. The system will be evaluated as useful
when the values of all considered d@meristics belong to admissible ranges
limited by boundary values. When the index values exceed the useful ranges,
the dryer is evaluated as useless andatisfactory. The scope of the useful
range of values was divided into fouasses: very good, good, satisfactory and
poor. The evaluation rate is determined by the worst index value (Fig. 2 presents
the evaluation of the dryé&asing on only two indexes).



212 MAINTENANCE PROBLEMS 2-2006

There were two types of indexes itiiad: energetic efficiency indexes
and process efficiency indexes. An exagnpf the energetic efficiency index is
thermal efficiency. An example of theqmess efficiency index is the drying
index. The dryer is evaluated in these two categories.

W1 .
unsatisfactory A W1 -index 1
Unsatisfactory dryer
W1 max
W1
very good poor satisfactory good very good
w1 )
good poor satisfactory good good
w1
satisfactory poor satisfactory satisfactory satisfactory
W1
poor poor poor poor poor
W:I-min
Wi ; 1 I I !
1 -
unsatisfactoryj 1 ! !WZ Index % _
w2 [ w2 w2 w2 W2 I
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1 1
W2min W2max

Fig. 2. Energetic efficiency evaluation of the dryer based on energy efficiency idex values

The list of symbols

Symbols Indexes

n — thermal efficiency, ‘ —inlet,

G - drying air flux, kg/s, " — outlet,

M — dried material flux, kg/s, p - air,

Q - heat flux, J/s, m — material

E - energy flux, J/s pw— water vapour,

E, - energy used for achieving water s - dry matter, s
evaporation, J/s w — water,

r — specific heat of evaporation, J/kg z —surroundings, recommended

t — temperaturé’C, 0 -in@cC,

u — absolute material humidity, kg/kg T - theoretical,

x — absolute air humidity, kg/kg, c — entire,

¢ — relative air humidity, % r — equilibrium,

g - boundary.
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Conclusions

This method of drying systems ewation could be used for individual
dryers and for comparing a few dryisgstems. The method was based on that
presented in [3]. The energetic eféiocy indexes used quotient measures
calculated upon process variables [4]. The indexes’ boundary values are
calculated upon heat and mass balance. The admissible index values were
divided into four usefulness class@he complex dryer evaluation was based
upon energy and process index values Tethod was implemented with the
expert system.
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Ocena przydatndgci wskaznikéw oceny efektywndci energetycznej
systemoOw susgcych

Stowa kluczowe

System susgy, efektywnd¢ energetyczna, wskaiki oceny efektywnéci
energetycznej.

Streszczenie

W pracy przedstawiono mliwosci zastosowania wskaikbw oceny
efektywndaci systeméw bioagrosusgzych. Wartdci wskaznikdw nie mog by¢
bezwzgtdnie skwantyfikowane, poniewazaleza od warunkdédw prowadzenia
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procesu suszenia oraz od wacioparametréw termodynamicznych mediow.
Zaproponowano sposob okiania dopuszczalnych wakm wskanikow, na
podstawie ktérych oceniany jest system bioagresysaVieloaspektowa ocena
klasyfikuje system bioagrosugz jako przydatny lub nieprzydatnyyikowo

w danych warunkach eksploatacji. Dodatkowo adeenia ocenione jako
przydatne gytkowo klasyfikowane gsdo jednej z czterech zdefiniowanych klas
przydatndci.



