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I. Drier system problems 

l.l. The systems approach of the drier operation 

A short description is given of a calculation method for determining the 
static and dynamic operational characteristics of driers ·with engineering accu
racy likely to suit other complex technological processes as ·well [1]. 

Drying, accuring in all fields of national economy, is an important 
operation, affecting the quality, and of high energy consumption, so its econ
omy is of a paramount importance. 

The drying of a material is the outcome of a number of interrelated proc
esses, therefore it may be conceived as a system of these partial (component) 
processes. Co-ordination of the component processes (material preparation, 
charging, material transfer within the drier, heat transfer, material dehydra
tion, vapour exhaustion) in a predetermined manner is precondition of a satis
factory quality and due economy. 

The component processes are carried out in units of the drier, such as the 
medium conveyors, flow pipes, calorifers mixing spaces, separators, ets. The 
drier is an active (so-called behaviourial) system of these units, responding to 
some action as imposed by the resultant of interactions between the system 
units, of sets of their interdependent actions [1, 2, 15, 16]. 

1.2. Drier operation engineering 

The drier engineering system problems are both of analysis and synthesis 
type [3,4]. For instance to find the response of a giyen drier to a giyen action 
(i.e. the operational characteristics of the dier under giyen service conditions) 
is an analysis type system problem. Such an analysis type system problem has a 
single solution, needed both by the operator and the controller of the drier. The 
engineering analysis is restricted to specific ansu:ers, because the engineer always 
directs his examinations to some concrete aim. For instance, response of thc 
• .-hier on various expected disturbances, on the changes of the operational con-
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ditions or its sensitivity to the variation of certain characteristics (input mois
ture content, state determinants of the energy carriers, material flow' etc.) 
may be wanted. 

The design of a drier for a given task is essentially a sy-nthesis-ty-pe system 
problem. In this case the influence and the expected response are given and a 
system susceptible of the required response is wanted. The synthesis-type 
problems have theoretically an infinity- of solutions. The engineer restricts gener
ally the set of the possible solutions by further objectives, by specifying further 
requirements for the construction, the size, the price, etc. of the equipment. The 
engineering synthesis usually approximates the solution likely to offer the expect
ed effect by sequential analyses. Harmful disturbances may be prevented by 
controlling the drier via interference in the component processes on the basis of 
information feedback [6]. The condition of an efficient and economical control 
is to taken the aspects of process control already in the planning stage of the drier 
into consideration. 

As mentioned above, the behaviour of the drier as a system is determined 
hy the outcome of the interaction of its component units. The stationary oper
ational characteristics of the drier developing under determined conditions, 
constant in lime are called static operational characteristics, while the functions 
of the operational characteristics during the transition into a new operational 
state are called dynamic operational characteristics. 

2. Principles of drier system modelling 

2.1. The model conception 

For determiL~llg the static and the dynamic operational characteristics 
a model conception, suitahle to descrihe the behaviour of the system, is required. 
Simulation is greatly facilitated hy recognition of principle and law affinities. 
The isonwlphism in transport processes is reflected hy the ,,'ell-kno'wn Onsager 
linearity Imf stating that in near-equilibrium states the generalized current can 
he written as the product of a conductivity-type quantity, and a general 
thermodynamical force [4, 8, 9, 10]: 

The Onsager 1<m' is valid for the compensation currents of a wide range of exten
si'ns. In the case of a direct current of electric charge, X is proportional to the 
potential difference, R to the ohmic resistance of the conductor (Ohm's 
law); in case of heat flux, X is proportional to the temperature difference and R 
to the heat transfer l'esistance (Fouriel"s law); in the case of a macroscopic 
mass flo1r, X is pl'oportional to the pressure difference and R to the flow resist-
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ance (Poiseuille's law) and in the case of a diffusion mass flow X is proportional 
to the concentration difference and R to the diffusion resistance (Fick's Ft 
law). 

In the sense of the above any system accommodating transport processes, 
may be regarded as a network (where R is the resistance of the corresponding 
section of the network [4, 5, 7, 11]). 

In the operation of most driers, thermal and flow processes prevail, with 
energy and mass as flowing extensives. Therefore the driers as systems are likely 
to be simulated as mass and energy flow netu:orks and the static and dynamic 
operational characteristics determined (with an engineering accuracy) by apply
ing the basic laws of networks [1, 2]. 

2.2. The construction principles of the network model 

The net'work model of the material and energy flo'w in the drier is COll
structed of elementary units interconnected by material and energy flows. 

The elements of the real system are represented by those of the network 
only functionally; e.g. from the aspect of the material flow the heat exchanger is 
represented only as an element of flow resistance and from the aspect of the 
energy current as an absorber of the passing heat transfer medium, while from 
the aspect of the heat absorbent medium as a heat source (applying a COllcen
trated parameter description). 

Any elementary unit may be a complex system in itself. So e.g. in design, 
the heat exchanger is treated as a composite system, but in the drier as a simple 
functional unit. 

For the functional treatment of the elementary units the laws of the 
accommodated processes must be kno·wn and involved in the formulation of 
the state function of the elementary unit (e.g. pump function Jp(<P), heat ex
changer functions t(<P) for both media, etc. [2, 5]). 

3. Construction of the mass and energy flow network model 
of driers 

The construction of the driers is exceedingly variegated, therefore the 
network model must be developed individually for each case. But some general 
essential aspects are to be taken into consideration in constructing a network ill 
any case. 

3.1. Flow paths and transfer points 

The network is based on the material flow paths in the system [1, 3]. 
As many flow paths are interpreted, as there are material varieties flowing in the 
s:rstem. The flow paths consist of elementary units joining at nodes. In this 
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way the network is sectionali:;ed by the nodes and each section is a functional 
unit described by concentrated characteristics (e.g. pipe section resistances, 
heat transfer resistances, thermal capacities, storage capacities, etc.). 

Rather than to be independent, the flow paths of each material interact 
at some transfer point, resulting in material, or energy transfer. The transfer 
point is a sink for the transferred material and a source for the transferring 
medium; e.g. the material to be dried is a moisture source for the drying air: 
acting in turn as a moisture absorbent from the material to be dried. In inter
mittent driers the intensity of the moisture source is time-dependent and can be 
closely approximated by empirical relationships suggested by FILONENKO, LIKOV 

KRISCHER and others for the drying rate curve [20 ... 23]. 
The functions of source and sink, as well as the state functions of the 

elementary units may be derived by applying the operation sciences. 

3.2. j}Iain functional llnits. Examples of netll;ork models 

The main functional units of the driers are [1, 2]: 
1. medium transporters, pressure boosters (pumps, fans, mechanical 

conveyers ). 
2. flow pipes (resistance elements). 
3. sets (transfer points: drying space, heat exchanger; nllxers: mixing 

chamber, burning chamber, injector). 
4. reservoirs (flo,r-through vessels, capacity flows, capacities, tanks). 
The layout scheme and the network scheme of an oil-fired direct con

vection type drum-drier are shown in Fig. 1 as an example. The system model 
is based on the flow paths of three materials: the air, the fuel oil and the mate
rial to be dried. The fan V delivers the air mass flow c]Jml through the flow pipe 
of resistance RE~ into the set ](1' (The burning chamber ](j mostly receives air 
preheated by flue gaEes, therefore a heat exchanger is installed between 
RE~ and 1(. For simplicity's sake this is omitted here.) The burning chamber 
](1 is a mixer-type apparatus, where the combustion heat is the heat source 
c]Jlll depending on the oil mass flow c]Jmo of the oil pumpS o' The flow resistance 
of the pump delivery line including the atomizer system is REI' The hot flue 
gases of mass flow c]Jmj flow into the drying drum ](2 to directly contact the 
material to be dried. The drum is generally of multiway construction with flue 
gas flow resistances RE3 and R E.j , which can usually be combined. The set K2 
is a transfer point, "where moisture mass-flo·w c]Jmn passes from the drying mate
rial into the flue gas through the moisture transfer resistance RN' The average 
partial vapour pressures on the evaporating surface of the drying material 
and in the fuel gas are pga and Pgf, resp. Simultaneously the heat transfer resist
ance RI!2 transmits heat flux c]J1!2 from the flue gas into the material. 
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The flow path of the material to be dried consists of the feeder-storage 
system 11:11 - T l' the drying drum lVI ~ T ~ as material transporter and tank, 
and the material handling -- storage system .1\13 T3 collecting and removing 
of the dried mass <Pms' 
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If the dried product of the rotary drum-type drier is ground, briquetted, 
packaged, then the system is purposefully completed by the corrsponding 
elements. 

Fig. 2 shows the layout and the net,York model of a contact cylinder type 
drier. 

The network consists of the flow paths of three materials: the material 
to be dried, the heating steam and the air to remove the vapour. 

The material to be dried is fed in a mass flow <Pma by the pump Sa through 
the pipe of flow resistance RE3 into the drying cylinders, i.e. into a space of 
atmospheric pressure Po (0 point in the figure). Since then, the material is 
conveyed by the transport drives lVI of the rotating cylinders, with surfaces 
coated hy a thin layer of the material. The Jayer thickness, hence the mass of 
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the material deposited at once on the cylinders may be controlled by the rota
tional speed of the cylinders, so the cylinders act as a flow-through mass tanks 
as 'well (Tl ). 

From the steam condensed inside the walls of the drying cylinders a heat 
flux c[J/z passes into the material through the network RC representing the set 

K l . The heat capacity of the condensate on the cylinder wall is Cl' that of the 
cylinder wall is Cz, the heat transfer resistance between the steam and the 
cylinder wall - affecting the heat loss to the ambience at tw from the 'wall of 
average temperature t1 - is R/z?, and R/z3 is the contact resistance bet'ween 
the cylinder and the drying material. The thermal resistance of the cylinder 
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wall is neglected. Rh4 is the resistance to the heat transfer from the material 
surface of average temperature ta to the environment. The dried material of 
mass flo·w rpms is collected in tank T 2' 

From the material of average partial vapour pressure pga the moisture 
flow rpm" passes via the moisture transfer resistance RN into the air of partial 
vapour pressure Pg, removed in turn by the air flo·w WlIli of fan V at mixing 
point B. 
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Fig. 3 shows the simplified layout scheme and the net·work model of 
an atomizing drier. 

The network consists of the flow paths of the material to be dried, the 
drying air and the steam. 

The air mass flo"w rpml of fan V passes through the pipeline of flow resist
ance RE3 into the heat exchanger 1(1' RE3 includes also the air-side flow resist
ance of the heat exchanger. In the heat exchanger from the steam a heat flux 
rplZl gets into the air imposed by the mean temperature difference tg - tl op
posed by the heat transfer resistance RIzl. The heat loss of the heat exchanger is 
represented by the heat flux to the environment opposed by the heat transfer 
resistance Rhz ' 

4 Periodic. Polytechnica El. 18/2. 
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The mass flow (JJma of the material to be dried is delivered by the pump 
Sa through the pipeline and atomizer of flow resistance RE.! into the drying 
space K 2, where it is u:ix(;d with air to transmit it a moisture mass flow (JJmm 

proportional to the moisture transf"r resistance RN' In the separator section of 
the drying space 1(2' mass flow (JJmsl of the dry material (powder) is separated 
from the air to get into tank T 1• The mass flow (JJms2 of the fines is separated 
from the air by the separator cyclone K 3• 

If the wall of the drying space 1(2 is heated, then an additional heat trans
fer resistance at RN has also be taken into account. 

4. Characteristics of the mass and enel'gy flow networks 
in stationary state (static examination) 

4.1. The basic laws of networks 

In stationary state, the capacitive components of the system are in 
charged, so the network may be treated as a resistance network. 

One of the basic laws of networks is the nodal law (KirchlzoJJ I) of the 
general substance balance stating that the sum of the characteristic input and 
output flo'ws of the extensives in all nodal points of the net"\170rk is zero: 

o (2) 

where i is the number of branches joining at the actual node (also the 
transfer-source-point is understood as a branch). For c nodal points in the flow 
paths of the actual estensive, c balance equations can be established. 

The second basic law of networks is the Imf of loops (KirclzhoJJ II) stating 
that in every loop a flow is stabilized, of the magnitude to exactly consume the 
effect P((JJ) exciting and maintaining the flow. If the reduction of the effect 
drop U((JJ) , then 

(3) 

where h is the number of loops and n that of the branches in each loop. (For 
instance, for a mass flow the effect is the pressure difference and the effect 
drop is the pressure drop.) 

The nodal point and loop relationships (2) and (3), resp. of the network, 
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always permit to determine the branch flows <Pi and, -- in knowledge of the 
resistance functions R(<P),- also that of the effect drops: 

U = <1>R(<P). . (1) 

In the case of mass flow networks this means the determination of the flows 
in each branch, and of the pressure distribution. 

The characteristics of the input material flo'w are modified by the transfer 
points (sets) in the network, as expressed by the state functions relating - the 
input and output characteristics [2, 5]: 

POUI 

(5) 

The characteristics in the state functions of the connected units are not 
independent, but follow self-evident connection rules: 

PU)0Ut PU-:-l)in' (6) 

4.2. The solution of the equation system 

The equation system consisting of four types of equatiol c contains just 
as many relationships as needed to determine the stabilized par~_I:.leter distri
bution of the mass flow network [5]. 

The resistance functions and the state functions are generrJly multiv&ri
able and non-linear, therefore computerized numerical solution methods are 
ach-antageous. For instance, use of a variety of the Ne-wton-Raphson method, 
based on the linearization of the non-linear equation system in a restricted 
environment of the steady state of the network, and refining the parameter 
distribution by iteration [14] may be advisable. 

The risk of divergence in multiple iterations increases with the quadratic 
number of variables. Therefore, in the case of big systems it is advised to reduce 
the number of variables, for instance by decomposing the equation system to 
virtually independent partial equation systems, e.g. the systems of nodal 
and loop equations, or the equation system of the state functions as the pres
sure drop due to the material flow is but a secondarily influenced by the tem
perature and the composition. Their pre-estimation offers usually an acceptable 
approximation in determining the branch currents and the pressure drop yalues. 
Naturally in this case the solution is also decomposed in two iteration cycles: 
the solution of each partial equation system, the substitution of the solutions 
into the original equation system and refining by iteration. 

For the accuracy of the branch flow estimations there are no conditions 
whatever. In the kno'wledge of the sources the convergence is fast, even if each 
branch flo'w is assumed to be zero in the first approximation. 

4* 
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4.3. Relative transfer factors 

The static analysis results in determining an output signal composition 
assigned to some input signal composition (Fig. 4.) This is ultimately the 
marking out of a determined tcorking point of the drier. 

I/!lb[l,b,Plb,Xb] 
tl/!hk 

I/!lk(i.lr,Plk, XkJ 
I/! ab [lab, W'b] "'ak[lak, W'k] 

"'ab[/ob,pob) Drying process l/!ak(lok,Pllk) 
"'sb[lsb) . I/! sk(/sk) 

t I/!lIb 

Fig. 4 

If one of the input characteristics is modified by a definite percentage, the 
corresponding output characteristics will also change. The ratio of the relative 
changes of the output to the input characteristics yields the so-called rela
tive transfer factor: 

(7) 

Although the non-linearity of the system restricts the validity of the relative 
transfer factors to analyze the consequences of the changes occurring in a 
restricted environment of the initial state, yet they are of use in designing the 
drier control system [12, 13]. 

The relative transfer factors represent the intensity of the interrelations 
between the various input and output characteristics and point out those of 
them, for whose changes the system is most sensitive to react. Their knowledge per
mits to designate characteristics to be varied for the greatest ease of control 
(intervention). 

5. Dynamic properties of mass and energy flow networks 

5.1. The principle of dynamic analysis 

The drying of the material is an instationary process, even llnder constant 
ambient conditions, because the moisture content of the material varies 
with time. So the operation of the intermittent (e.g. cabinet) driers can only 
be described by dynamic characteristics. Under steady-state initial and am-



STATIC .HD DLYA.1IIC . .J.YALYSIS OF DRIERS 155 

hient conditions in driers of continuous material flow (e.g. conveyor tunnels) 
the local value of the source intensity and so a stahilized (glohal) source inten
sity may prevail hetween the material mass flow in the drying space and the 
air mass flo'w, therefore the input and output characteristics may he constant 
in time. 

In reality, however, the mass and energy flows entering the drier from 
outside, the material compb'iiition, the amhient temperature, i.e. the initial 
and limit conditions of drying fluctuate, almost permanently, and so does 
the parameter distrihution in the network and the quality of the dried material 
[18, 19]. The planned control of the drier operation aims at attenuating the 
disturhance effects, in order to safeguard the quality of the final product. For 
an efficient control, the response functions of the drier to disturhances of a 
definite character must he known (dynamic analysis [14]). 

After completing the network and the static analysis thA dynamic analysis 
of the drier can be started in knowledge of the steady state (initial) parameter 
distribution. 

The dynamic hehaviour of the drier is composed of the overall dynamic 
effect of the units. 

In this case the state functions of the units are differential equations (dy
namic state functions), including the variahles of the input and output flow 
functions (<P, p, t), and in the general case their derivates of various orders. 

The coupling equations expressing the topology of the network are alge
hraic equations, as also this time the phenomena are regarded to occur a con
centrated within the units. 

After determining the location and the nature of the disturhing functions, 
the equation system may he solved hy any conventional integration method 
[2, 5, 14]. 

5.2. Dynamic state functions and equations 

For a simple discussion of dynamic analyses it is useful to introduce the 
concept of the flow function. The material flow entering the unit is character
ized hy a function whose variahles are the flow (mass, or volume), pressure, 
temperature, concentration, etc. The input material flow function is modified 
by the nature and operation of the unit, hence the output variables of the flow 
function generally differ from the input ones. 

The dynamic analysis of a technological process is understood as the solu
tion of the following problem: hy what time functions will the flow functions 
S(<p, p, t, c) of the network simulating the technological process vary, when 
external disturbances cause the system to deviate from its stationary state. 
The solution ,\'ill permit to indicate the time function of the variation of the 
mass, or volume flow, the pressure, the temperature, etc. in different points 
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of the network upon a definite disturbance. These functions are the response 
functions of the technological process to disturbances of a definite character. 

The disturbances may he changes of the external, operational parameters 
of the network, or of the position of the intervention unit built into the process 
for the sake of control. The dynamic analysis are utmost difficult hecause of 
three circumstances: 

1. The dynamic functions descrihing the umts of the network are non

linear. 
2. Rather than on the actual disturbance alone the response functions 

(If the system to definite disturhances depend also on the former, initial steady 
state of the system. 

3. Conventional analysis of rather complex networks is extraordinarily 
lahour consuming. 

The difficulty ]\0. 2. ensues from statement 1. Because of the above diffi
culties, dynamic analyses advisahly made according to the systematic method 
presented in connection with the steady state to descrihe the mass flo'w net
works. The relationships should he written up in a unified manner to fit com
puterization. 

The dynamic analysis of the technological process is also facilitated hy 
constructing the complete mass flow network from units. The dynamic proper
ties of a unit can he descrihed hy a differential equation to determine the 
change in time of the flow function at the output of the unit, in know-ledge of 
the input flow function. 

Let us denote the input and output flow functions of the unit hy u(CP, 
p, t, c, ... ) and v(([;, p, t, c, ... ), or in short, hy u and v respectively. The differ
ential equations descrihing the dynamic hehaviour of the unit relate the vari
ahles of u and v, i.e. connect the time functions of the input and output mass 
flow, pressure, temperature, etc. These equations may be formally comhined 
in a single differential equation: 

F(u, "1.', li, i; ... ) = O. (8) 

This differential equation includes thc variahles of the input and output flow 
functions, and in the general case their derivatives of various order. 

In the canonical form we have: 

(9) 

where i = 1 ... n. 
The left side is the time dcrivative of the i-th component of the output 

flow function. On the right side there are no derivatives, hut only p components 
of the output material flow function and the complete material input flow 
function. 
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In general the equations contain implicitely as independent variables, 
the initial values of the function u valid in the steady state (u o)' This follo'ws 
from the non-linearity of the dynamic state functions of the units. "With the 
emphasis on this circumstance the relationship runs as follows: 

(10) 

where i I ... n. 

In treating the dynamic conditions of mass flow net"works the dynamic 
stne fUl~ction of cn:ry unit will be writt-:'n in the ('Qnollical form (10). 

In addition to the differential equations of type (10) also the equations 
"expressing the topology of the Iictwork, i.e. the coupling of the flow function 
variables are required for determining the clYL.amic conditions of the network. 
These can be proved to be simple algebraic equations. Namely all phenomena 
occuring in the network are considered as concentrated in the units, so the 
variables of respective output and input flow functions of consecutive units 
are identical. 

So the general form of the coupling equation is: 

(ll) 

Accordingly the equation system describing the dynamic behaviour of the net
work consist of the dynamic state functions written in canonical form, and the 
coupling equations. On the basi8 of relationships (10) and (ll) we have: 

I = I ... 11. 

where n 

m 

r 

number of the components of the mass flow vector 
number of units in the network 
number of nodal points of the network. 

(I2a) 

(I2b) 

Thus, the dynamic equation system contains as many dynamic state functions 
for each unit, as there are flow function variables, and as many coupling equa
tions as there are nodal points in the network. 

By means of r algebraic (coupling) equations, the independent variable 
II and/or Ho may be eliminated from the state functions. In this case the equa-
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tion system (12) is transformed to miss the coupling equations and the functions 
u and u 0 appear only in the first m to r state functions: 

(13) 

i = 1 ... n. 

This equation system is called the reduced dYT'.amic equation system of 
the mass flow network. 

5.3. The dynamic analysis method 

The aim of the dynamic examination according to the above is to deter
mine, - in the knowledge of the external disturbing functions u( T) acting 
upon the technological process treated as a material flow network, and of the 
stabilized parameter distribution prevailing at the time of the incidence of the 
disturbance, - the response functions of the parameters at the various points 
of the net"work. 

In the examination, of course, the dynamic state functions of the net
work's units are assumed to be known or producible and the static equation 
system to describe the network to be available. This latter is required for deter
mining the initial values of the response functions and those assumed in the 
new, stabilized state. 

The method is applied in thp following steps: 
a) The material flow network corresponding to the technological process 

is constructed. 
b) The flow functions assigned to the initial state for each branch are 

calculated by the method described in the preceding. 
c) The static functions of the mass flow- network (resistance - pressure 

boosting - static state functions) are replaced by the proper dynamic state 
functions, i.e. the differential equations type (10) are produced. 

d) Coupling equations type (ll) expressing the interconnections of the 
units are written according to the circuit scheme. 

e) Superfluous variables are eliminated by coupling equations to obtain 
reduced dynamic equation system type (13). 

f) Position and nature of disturbing functions u( T) are determined. 
g) The equation system is solved by any conventional integration 

process. 
The solutions supply the complete series of the required response func-

tions. 
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6. Example ior determining the statie operational eharaeteristies 
and relative transfer faetors of the drier hy the network method 

6.1. The circllit scheme and the netH:ork model of the tested drier 

159 

As an example, examination of a steam-heated convection-type textile drier 
(Fig. 5) by the network method will be presented. The fabric to be dried, 
yery thin as compared to its width, is passed through the tunnel-shaped 
drying space strained on an endless frameband. The drying air preheated in 

Drying space 

[an 

~l;Iel air 

Fig. 5 

the steam-heated heat exchanger is forced by a fan into the distribution pipe, 
to nozzles arranged on both sides of the material. Part of the wet air is released 
outside and fresh air is added to make it up. 

According to the scheme in Fig. 4, the aim of the static examination is 
formulated to assign the stabilized output characteristics to the input charac
teristics of the material flows, i.e. the air, the material to be dried, the steam and 
the conveyor belt, - in the kno·wledge of the technological and technical charac
teristics of the drier. 

The network scheme of the drier is shown in Fig. 6, with four material 
flow paths. 

6.2. The eqllation system describing the drier 

The static equation system of the drier modelled by the network is seen 
arranged in Table 1. The applied notation are given in Table n. The first grollp 
(Eq. 1 through 4) contains the simple nodal laws of the mass flow network, the 
second grollp (Eqs 5 and 6) the air flow loop laws refering to the closed air circuit 
and the one containing the mixing space and closing in the atmosphere. In the 
third grollp the static state functions for the drier (Eqs 7 through 11), the 
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mixer (Eqs 12 and 13) and the heat exchanger (Eq. 14) are written. Eq. 7 is 
the complete energy balance of the drier. Eqs 8 and 9 are the material balances, 
'while Eq. 10 represents the mass flow of the moisture released into the air, 
as derived from the approximate relationship by FILO"EC'iKO [20] (source term). 
Eq. II is the enthalpy balance of the air, Eq. 12 the moisture-related mass 
balance of the mixing space, Eq. 13 the energy balance of the mixing, Eq. 14 

2 4 
cBo+B; cj,17 917 +912 +B2 rpI7 2(9tr+J'12P=PrP: Drier (As,As,L) 

~-------------------------l 

Conveyor bel! : rps, cs' Iso I I I is,\ 

: 1rphS : 
I 5 

'--__ .... J)2P2: rp15,115 

I 

Naterial ===+: =====~===9C~CCCCCCC~C~~~=t~ 
w, r rpok Ilak 

Condensed water 

L _ _ _ _ _ _ _ _ _b:!:.a~-e.::. __________ :.J 

Air 

Fig. 6 

Air 

--Steam 
--Air 
= Haterialla be dried 
~Heatflux 

-- Conveyor bell 

the energy balance of the heat exchanger on the air side and Eq. 15 contains 
approximative assumptions. Substituting the drier data system into the static 
equation system, the output after 5· 6 iteration steps 'was of an engineering 
accuracy. 

The flow chart and the report in Algol language of the computer process 
'will not be presented here (for details sce [2]). 

The outputs are giyen in Table III and the relatiye transfer factors in Table 
IV. The running time for each analysis amounts to l.5 minutes on an ODRA 
computer. 

6.3. Olltputs 

In the table of relative transfer factors, the sensitive relationships are 
marked by high numerals. The horizontal row of the headings contains the 
inputs, the ambient characteristics and the adjustment values of the inten-en
tion organs, while in the vertical columns the output characteristics are giYen. 
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Table I 

The static equatiou system of the drier modelled by the network in Fig. 4 

:'\ odal laws of the 
material flow network 

Loop laws of the 
material flow network 

State 
functions 

Drier 

l. 

2. 

3. 

4 '. 

6. 

I. 

3. 

9. 

10. 

Wll -;- W" WI5 = 0 

WI., - Wu, WI8 = 0 

({JIS W1b Wll = 0 

Wab - (/J" Wale = 0 

----------------------------------------

(/Ja_'i_ 

1 -'- W" 



162 

State 
functions 

Drier 

2\Iixer 

Heat 
exchanger 
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Table I (cont.) 

1" '". 

13. 

14. 

15. 

Approxima-
tive 16. 
assump
tions 17. t/ln = Doxn + Dl (i - x diagram, 

linearization of the curve q; = 1 in the environment 
of point 1.) 

One of the most important output characteristics is, the integer moisture content 
of the final product W7

". The numbers in this row show the effect of the input 
characteristics on W-" in the determined operational state. The highest relative 
transfer factor (Wab = 4.33) is found in the column of the input material mass 
flow. This means that a 10% variation of the input material mass £lo'w (with 
other input characteristics unchanged) alters W" by 43.3 %. Also the input 
material moisture (Wb) and the steam temperature (tb) effects are of importance. 
The other characteristics have no important effects. 
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Table II 

Xotations to Fig. 4 and Table I 

Symbol 

A surface, cross-section 
B constant 
k heat transfer rate factor 
L calculated material length 
t temperature 
(JJ flow 
x air (flue gas) 
r absolute moisture content of the eYaporation heat 
R resistance 
\\' material moisture referred to the dry mass 
q mass density 
c p specific heat a t constant pressure 

Subscript 

a material 
b input 
e equilibrium 
g steam 
h heat 
ho heat exchanger 
k output 
1 air 
m mass 
n moisture 
hk convective heat flux 
hs irradiation heat flux 
hv conduction heat flux 

belt 
v water 

163 

The relative transfer factor is very low or even zero for parameters, for 
which the process is not very sensitive and insensitive respecting. 

If several input characteristics are varied simultaneously near to the 
initial (calculated) operational state, then the variation of the studied output 
characteristic may be approximated by superposition. Thereby in a limited 
range of the operating point, the output characteristics for a different operation
al state may quickly be approximated, without re computing the 'whole sys
tem. 

Rather than to driers alone the presented mass and energy flow network 
method may be applied to other complex technological equipment. 
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Synlhol 

c]Jgk. 

c[Jlb 

rj)lk 

Xk 

Ilk 

tak 

Trek 

c[Jhv 

c[JhS 

c[Jgk 
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Table III 
Outputs 

Index )lea5uring unit 

1.159 k.,. 
" 

5- 1 

119.5 Co 
0.1198 kg/kg 

0.126.1 kg 5- 1 

60.13 Co 
0.0533 kg/kg 

0.02278 ko-
" 

5- 1 

-!.62 . 105 W 

H40-1 W 
.12550 W 

185.1 W 

7.183 k<r 
" 

5- 1 

0.1023 kgjk" 
164.4 (0 

60.13 (0 

99780 :.\" m-..! 

100600 X In-::! 

100300 :\" m-:! 

0.1136 ko-
" 

S--I 

7.296 kIT 
" 

S-1 

U1.9 Co 

1.045 ko-
" 

5- 1 

10020 :\" m-:! 

106.1 Co 
99950 X m-:! 

cj)ab tab 

--0.04 0 

+0.03 0 

0.7 0 

-0.06 0.02 

0.17 0 

4.33 -0.01 

-0.15 0.01 

0.25 0 

0.39 -0.02 

drying air output; 

material output 

mass flow of the condensed 
heating steam 

I heat fh;:x released into the 
I air from the elrier 

;} hea t flow losses 

drying air in state 1. 

pressures at pusitions 
2 and -J.. 

mass flow of the moisture 

drying air in state 5 

- air intake 

pressure at position 7 

drying air in state 10 

Table IV 
Relative trans-

IF, xb t, 

-0.03 -0.01 -0.02 

0.02 -0.01 -0.01 

0.48 0.1 0.01 

-0.16 0.01 0.02 

0.11 0.03 0 

0.74 0.06 -0.01 

-0.09 0 -0.15 

0.17 0.04 -0.49 

0.24 -0.01 -0.07 
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Summary 

The systems approach of drier operation. Component processes, units. Engineering 
tasks related to the drier operation, analysis and synthesis-type system problems. The basic 
principles of network modelling. Construction of network models, material flow paths, func
tional elements, source and sink components. 

The basic laws of networks. The equation system of static analysis .. The relative trans
fer factors. The principle of dynamic analysis. 

Example for the determination of the static operational characteristics and the relative 
transfer factors of a textile drier by the network method. 

References 

1. hIRE, L.-SZABO, 1.: Szarit6k statikus cs dinamikus vizsgaIata anyag- es energiaaram 
hal6zatos m6dszerrel, A.3.3. I\Hiszaki Kemiai Kapok, Keszthely, 1973. (Static and 
dynamic examination of driers by the mass and energy current network method, 
A.3.3.) Technical Chemistry Days, Keszthely, 1973. 

2. bIRE, L.-SU.BO, 1.: Szaritasi kezikiinyv, 18. fejezet. (Drying Handbook, Chapter 18.) 
Miiszaki Kiinyvkiad6, Budapest (in press). 

3. KARPLUS, W. J.: Analog Simulations. McGraw-Hill Book, Kew York, (1958). 
4. bIRE, L.: Gepek iizemtana. (Operational science of machines.) Tankiinyvkiad6, J-951, 

Budapest (1972). 
5. SZABO, 1.: Gepek es folyamatok rendszertana. (System conception of machines and proc

esses.) Tankiinyvkiad6, J5-952, Budapest (1972). 
6. V_.\J\IOS, T.: Nagyipari folyamatok ininyitasa. (The control of big industrial processes.) 

Akaderuiai Kiad6, Budapest (1970). 
7. CnlPB.ELL, D. P.: Process Dynamics. Wiley and Sons, Kew York, London (1958). 
8. BEl\EDEK, P.-L.'\SZLO, A.: A vegyeszmerniiki tudomany alapjai. (The fundaments of 

chemical engineering scien<:e.) Muszaki Kiinyvkiad6, Budapest (1964). 
9. FEl\YES, I.: Termosztatika cs termodinamika. (Therruostatics and Thermodynamics.) 

l\Iuszaki Kiinyvkiad6, Budapest (1968). 
10. LUIKov-, A. V.: Heat and Mass Transfer in Capillary-porous Bodies. Pergamon, Oxford, 

London, Kew York, (1966). 
11. J ODKO, E. A.- SKLJAR, V. S.: Modelirovanie teploviih protzessov v metallurgii. (Model

ling of heat processes in Metallurgy.) Izd. "Metallurgija". 
12. CS_.\KI, F.: SzabaIyozasok dinamikaja. (Control Dynamics.) Akademiai Kiad6, Budapest 

1970. 
13. CS_.\KI, F.-BARs, R.: Automatika. (Automatics.) Tankiinyvkiad6, Budapest (1969). 

fer factors 

Ig R, RI; Rb q)l) if)l); 

-0.03 0.43 -0.29 0.17 1.10 

-0.01 0.39 -0.26 -0.16 0.91 

0.19 -0.37 0.26 0.16 -0.86 -0.95 

1.26 -0.01 0.01 0.01 -0.02 -0.03 

0.22 -0.1 0.07 0.04 -0.23 -0.29 

-3.14 -0.18 0.15 0.09 0.42 -0.46 

1.30 0 0 0.01 0 0 

0.33 -0.16 0.11 0.07 -0.37 -0.41 

0.98 0.08 -0.06 -0.05 -0.19 0.21 



166 L. DIRE and I. SZABD 

14. SIJ'<GER, D.-KoLTAI, T.: :'Iagy technol6giai rendszerek dinamikus Yizsgalatanak egy uJ 
m6dszererol. (On a new method of the dynamic examination of big technological 
systems.) 11TA-AKI Publications, (1967). 

15. RUDD, D. F.-WATSOJ'<, K. M.: Strategy of Process Engineering. London (1968). 
16. ZADEK, L. A.-POLLAK, E.: System Theory. :'Iew York, 1969. 
17. FODOR, Gy.: Linearis rendszerek analizise. (Analysis of linear systems.) l\Hiszaki Kiinyv-

kiad6, Budapest (1967). 
18. POERSCH, W.- WISCHJ'<IEWSKI, M.: Verfahrenstechnik 4, 130 (1970). 
19. POERSCH, W.: ibid. 5, 160 (1971). 
20. FILOJ'<EJ'<KO, G. K.-LEBEDEV, P. D.: Sushilnie ustanovki (Drying devices.) Gosenergo

izdat, :Moscow-Leningrad, 1958. 
21. LIKOV, A. V.: A szaritas elmelete. (The theory of drying.) :'Iehezipari Kiinyvkiad6, Buda

pest (1952). 
22. KRISCHER, 0.: Die wissenschaftlichen Grundlagen der Trocknungstechnik. (Scientific 

fundaments of drying technics.) Springer, Berlin, (Giittingen), Heidelberg (1965). 
23. hIRE, L.: Szaritasi kezikiinyv (6.3. fejezet.) [Drying Handbook (Chapter 6.3.)] 1Hiszaki 

Kiinyvkiad6, Budapest (in press). 

Dr. Lasz16 IMRE} H 1-91 B d 
I S 

' -;)~ u apest. 
Dr. mre ZABO 


