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Energetical systems in agriculture are still often being used without superior
control systems or with control systems not suitable from both constructional
and algorithm points of view. For research purposes, an experimental plant
was built and equipped with a system for microclimate adaptation in broiler
rearing house as well as a variable control system allowing for research of
various control algorithms for optimization of the control system parameters.
A part of that system is the monitoring system for scanning and processing the
stable microclimate parameters. Algorithms have been developed for the cli-
matization system control in temperature regulation variant and in both tem-
e perature and relative air humidity variant regulation. Both these variants are
Lo described below in this paper. These control algorithms were tested under
breeding operational conditions and compared mutually and with the manually
controlled climatization system variant. Based on the measured microclimate
‘; parameters evaluation, average daily temperatures, deviations of inner air as

well as average daily relative humidity deviations of inner air in dependence

upon the chickens age have been determined. From their assessment and mu-
%, | tual comparison of tested variants a suitability of practical usage of the algo-
/; i rithm for the air temperature and humidity control and their applicability by

i ‘ the local microprocessors regulators resulted.

climatization; control system; energetics; broilers breeding; recuperation heat
7 . exchanger; control algorithm

INTRODUCTION

Energetical agricultural systems, fastidious about input energy are often
realized with insufficient control survey system resulting in redundant energy
.
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distribution. The second extreme is the effect of the technology suppliers to
automate entirely certain process by means of the comfort electronic system
regulators providing all functions within given productive process including
linkage of all regulated technologies with the control centre. It corresponds
with the complexity and a high price of that system.

Local regulators have limited these properties, i.e. they are easy to be
linked and served, they are highly reliable and available for a relatively low
price. The regulating process provides only selected functions, but require-
ments for the regulation quality are the same as in the case of complicated
control systems.

At the microclimate control in the livestock production objects most of the
firms offer very complex control systems providing besides the climate regu-
Jation all other functions requested, including recording of values with pos-
sibility of their later evaluation (EMI Agro, 1994; FANCOM, 1994;
SKAND-CHICK, 1995; SKOV, 1990). The program equipment of the control
systems is based upon various algorithms controlling temperature, or tem-
perature plus air humidity. Both enthalpy and absolute air humidity (Buch-
mann, 1988) may also be taken into account during the breeding cycle. For
example, in the. first week of the piglets fattening, the air enthalpy dropped
at the thermal depended regulation from 88 to 64 kl.kg™'. Typical for these
systems is their complexity including software and a high price. In contrast
to these systems there are simple analogue regulators, however, they are only
used for partial regulation, €. g. ventilators revolutions dependence upon
internal temperature in a stable (SCHAUER, 1992). For the more compli-
cated climatization systems, however, that solution is not suitable.

It may be considered as optimum that the local microprocessor’s regulators
enable logical functions of complicated algorithms. They are mostly involved
in the USA companies (CHORE TIME EQUIPMENT, 1991; SAND LIVE-
STOCK SYSTEMS, 1988). These regulators have to meet the high-reliability
requirements to ensure the requested functions and low price. The principal
aim of their utilization is to create an optimal control process algorithm. Their
detailed description is being mostly unavailable, because they are products
of commercial companies. Attempts at optimization of the complicated cli-
matization system with utilization of the plate recuperation heat exchangers
were published by Has (1987). In that case, the domestic production regu-
lator (JZD Chotoviny, 1989) was used without any frequency exchangers for
ventilators power supply. Utilization of frequency exchangers is the only
solution, particularly in poultry rearing, in order to reach the high-quality
stage of the regulation. Its advantages have been proved in comparison with
the voltage regulation and engine pole number changing (Niethammer,
1988).
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Th&? gim of the project is to demonstrate the proposed control algorithms
feasibility and realized control automation usage for agricultural objects mi-
croclimate regulation. .

MATERIAL AND METHODS

For the research purposes a testing centre was established and equipped
with a system for the microclimate adaptation, in this case extremely fastidi-
ous about regulating implementation enabling variant testing of the control
algorithms and consequent measuring of the regulated system. It concerns
a facility designed for poultry broilers rearing built by reconstruction of ori‘Til
nal cowshed K96. :

The ventilating system is assembled by the recuperation exchangers from
the gravitational heat tubes with by-pass unit and nine additional vgntilators
The breeding space ground dimensions are 10.8 x 58 m, height is 3.2 nklb
Initially the chickens are kept only in part of the space (45% of the gr'ound.
area), separated from the rest of an area by suspender. It results in substantial
reduction of the heat losses of the young chickens. For that space twé rec:l—
perators are suggested — situated as shown in Fig. 1 — both to be applicable
dprlr}g the start of the rearing when the space area is decreased. The air is
distributed from the recuperators by perforated sleeves, initially o.nly by one
after the suspender is removed also by other parts of the air distributin(;
system. )
. Relevant calculation has been provided for 13 000 chickens at the outer
air temperature 7, = —12 °C. The calculating air parameters in the stable are
derived from recommended figures of the Ross Breeders Ltd. and Xaverov,

heat recuperators
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joint stock company, Prague. Both recuperators and additional ventilators are
operated by two frequency changers, one of them being for all ventilators of
the recuperators, the second one for additional ventilators Simovert P-6SE
2113 producer Siemens, whose input is a current signal 4-20 mA. The recu-
perator’s by-pass unit flap is controlled by servomotor.

For the regulation the Procontic CS 31 system producer ABB was used to
enable normal programming of the regulation functions. That system consists
of proper microprocessor unit, discrete inputs and outputs unit and analogue
inputs and outputs unit. The analogue inputs used for the regulation process
control are of the current signals 0-20 mA for inner air temperature, inner
air relative humidity and outer air temperature. The discrete input signals are
represented by outputs of recuperator exchangers terminal switches by-pass
flaps signalling their neither closed or opened status. Further, the discrete
inputs are used for back information of the controlled power machines and
devices status and for signalization of their breakdown. The analogue outputs
are being used for both frequency exchangers revolution control. The con-
tractors for frequency exchangers feeding, the servomotors contractors for the
recuperation exchangers by-pass flaps control, as well as contractors for the
recuperation exchangers supply ventilators disconnection and contractors for
part of additional ventilators disconnection are controlled by discrete outputs.

Air relative humidity and temperature scanning is provided by the psy-
chrometer with converter 9206 producer InterNet constructed in the Rescarch
Institute of Agricultural Engineering, Prague-Repy. The psychrometer utilizes
the vertical air flow in two air channels with an exhaustion ventilator. In both
channels, there are installed resistive thermometers, one of them is wetted by
means of wick. Thermal information of both thermometers, from which the
air relative humidity is derived, is processed in measuring converter. Its block
diagram is presented in Fig. 2. Input temperature ty (“wet” temperature) and
ty (“dry” temperature) are scanned by platinum resistive thermometers Pt 100.
To suppress the supply cables length influence the four-cable connection is
used. Both resistive thermometers are connected to the congruent converters
R/U (resistance/voltage). The output of these converters is voltage propor-
tioned to temperature. Multiplexor serves to the switching-over of the sec-
lected converter R/U output into the differential operative amplifier input.
The output of that operative amplifier is connected to the AD converter inpul
of an integration type of 12 bites resolvability. After the instantaneous tem-
perature values fn and f transformation into a digital form, the air relative
humidity calculation follows according to known physical laws. The pre-
sented values are consequently displayed in an alpha-numeric display
(16 signs x 2 rows). At the same time there are in relevant outputs of micro-
computer signals of variable keying interval type, transformed in the convert-
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The substance of the experiment is three variants climatization device

running comparison. It concerns:

1) running without regulation (period 25. 2.-9. 4. 1995);

2) control algorithm for inner air temperature regulation (period 28. 4.-12. 6.
1995);

3) control algorithm for inner air temperature and humidity regulation (period
13. 10.-30. 11. 1995).

Further, descriptions of the control algorithm are presented herein. Both
cases are based on minimum energy consumption requirements at the micro-
climate requested parameters achievement. Both parameters, i.e. inner air
temperature and humidity are adjustable only within the technical possibili-
ties of action elements.

The inner air temperature regulation

The control algorithm diagram is presented in Fig. 3.

— Dependent on the chicken weight, the minimum object ventilation is de-
termined. This is ensured by necessary air exchange to withdraw the harm-
ful substances, i.e. ammonia, carbon dioxide and hydrogen sulphide.
Technical workmanship is based on the minimum revolutions setting up
of the recuperation ventilators. If this minimum is higher than the air
volume delivered by recuperators at the nominal revolutions, they are
switched on in cyclic manner the additional ventilators at the lowest revo-
lutions (5 Hz). Their keying interval depends on the chicken weight. In

this case it presents value of this keying interval about 50% in the end of

breeding period.

_ If the inner air temperature is higher than the adjusted upper thermal limit
tu, then occurs the recuperators by-pass unit flaps opening in the 3 stages.
The pause length between the action impacts is adjustable and was deter-
mined to be 3 minutes. If three times over the following signals to open

3. Controlling algorithm diagram to inner air temperature regulations

Legend:
Fr - the lowest feeding frequency of recuperation ventilators
Spv — additional ventilators keying interval for basic ventilation

Tp - idle time between action interferences

fr - recuperation ventilators feeding frequency

frn - recuperation ventilators nominal feeding frequency

fpv — additional ventilators feeding frequency

t; - inner air temperature

tp - bottom limit of the controlled inner air temperature interval
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the flaps the terminal switch does not operate, the flaps or their servomo-
tors failure is being presumed and further regulating process is adapted to
that situation. If there is still £ >t within the by-pass flaps opening, then
the recuperators revolutions increased in the regulating steps up to their
nominal value. Within the following steps the additional ventilators are
switched on at the basic feeding frequency 5 Hz and their revolutions will
increase as well. In doing so, the recuperation ventilators will be discon-
nected in an interval of the feeding frequency (8, 12) Hz.

_ At the inner air temperature decreased under the lower limit tp (tp < tm)
a reverse regulating process, i.e. the additional and recuperation ventilators
revolutions are decreased and the by-pass flaps will be closed.

_ If the outer air temperature f, > t; and the inner air temperature f; is higher
than the upper thermal limit ¢, then the by-pass flaps opening occurs and
consequently the additional and recuperator ventilators revolutions are
reduced in given regulating steps. The outer air temperature f. is measured
in the recuperator’s input air channel.

_ If the outer air temperature f, < =5 °C, then occurs within each hour to the
input recuperator ventilators switch off for 10 minutes. This is necessary
to reduce the ice accretion on the heating tubes surface.

If the measured values do not meet the conditions #; ranging from 5 to
50 °C, f, ranging from —40 to 50 °C, then probably the sensor does not
operate correctly and the system signals a failure. In case of the temperature
#i measuring the failure, the reserve program is launched.

The inner air temperature and air humidity regulation

The thermal interval (fp, tg) is divided by the mean value ts. If the inner
air temperature is in the interval (s, fn), then the control algorithm provides
the air relative humidity maintenance under the @x (in this case 65 %). In the
interval (fp, fs,) the humidity is provided under the value ¢k (70%) — sce
Tab. IL

The ventilators revolutions increasing means, similarly as at the inner
temperature regulation, first the recuperation ventilators revolutions increas-
ing and consequently connection and increasing of the additional ventilators
revolutions. The similar process is at the revolutions decreasing.

If the outer air temperature 7, < =5 °C then occurs, similarly as in previous
case, during each hour to the input recuperator ventilators switching-off for
10 minutes. If measured values do not correspond with conditions ¢; < 97 %,
f; in interval from 5 to 50 °C, 1. in interval from —40 to 50 °C, it means the

70 SCIENTIA AGRICULTURAE BOHEMICA, 28, 1997 (1): 63-80

—

1. Microclimate parameters control

i
/,’i/,_ ©; L, Operations

(s, ) | < Pn arbitrary | revolutions decreasing

(ts, th) | > Pn arbitrary | flaps half-closing + revolution increasing

Sl < @y <tp—2 flaps opening, consequently revolution increasing

> ty < Oy >th—-2 flaps opening + revolutions decreasing

= iy > Oy <ti-2 flaps half-closing + revolution increasing

>ty > Oy > fi—2 flaps half-closing + revolutions decreasing

(tps 1) | < Pk revolutions decreasing, consequently the flaps half-closing
(tpy ts) | > Pk flaps half-closing + revolutions increasing

<tp arbitrary flaps half-closing + revolutions decreasing

sensor’s failure and the system is signalling a breakdown. In case of the
temperature ; measuring a failure, the reserve program is launched.

The cx‘perimc?m is performed in a consequential time process, i.e. in the
three periods of various outdoor conditions, i.e. outer air [empémlure and
relative humidity values. These outdoor conditions could affect the ex ;x‘i—
mental process within manual controlling of the climatization system, (i)r in
such status of regulated running, when action elements are not able an\} more
techmcally to assure further regulation steps, i.e. when these are in t:;(tremc
positions.

Microclimate parameters measuring

jfo determine the inner microclimate values in the hall, the outer air tem-
E]e;z;iieedlmrrll?engeer au: t::.n_l?‘crla‘ture t; and inner air rel.znivu humidity ¢; are
iy .by [hé m(Luavn -lAUL;b \mv? b?cn' recorded con}munlly in 15 minutes
.- tempemmrcazglnnlil;?lzluill.S[,?Flpl,], Therm 3280-8M producer AMR.
. e ,“‘,as u%dclh;uglcs;:.mfc l[lé[ﬂ()\n;etds Pt 100 wcrrc used,
Friedrichs and Co. with éonvcriepr‘}l/ 71‘0(1;’1)?;1 (}'/p(‘j; .\0‘1.0.0 pr()duce?‘ o il
0-20 mA. For the inner air tem )ei"llL}lfll‘et" - "Pvlf’  the ‘lmcrNet s
By st horimmlﬂ 1‘ o 51? usvlst‘lve thqmometers were used,
bedding_ Their:lrrrln(,mne;l B hc /% of animal motion, 0.2'm above the
o locrl{m: m 11;): t] e stable ground together with measuring

The achie d" eT 'S lf] lb ' in si
ity . b:l(:edlgrg]:i]] Lf)Cff.lC]CnlS ussc4ssmeljl. in single .measuring points
: aily average temperatures in these points. Value of the
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specified optimal temperature for the growth of animals is subtracted from
the daily average temperatures and by this way obtained deviations in abso-
lute value create starting values (o maintain level of inner air temperature in
the stable. Absolute deviations of the daily average temperatures in single
measuring points represent a base for the absolute deviation calculation of
a certain day as an average value of all measured points. The assessment used
to be provided partly by calculation of the linear regressive dependence of
the absolute temperature deviations on time within rearing period, partly by
an assessment of the highest deviations within the period, because these are
critical, or changeable for successful breeding process.
To assess the specified thermal regime quality kept during the period,
a statistical method of dispersion analysis for single classification enabling
verification of the temperature received values in individual measuring points
was used. By evaluation it may be found out, if there are, within any given
period of time at any given stage of a statistical importance, the temperatures
in individual points are equal or different. In case they are different, it must
be found out by the method of multiple comparison the points of equal
temperatures. The dispersion analysis for single classification allows to ob-
serve the given factor influence upon tested quantitative sign, i.e. in this case
measuring point influence upon measured temperature value. Realization of
single dispersion analysis 18 conditioned by accordance of the dispersion
extension in individual selective complexes. That condition may be verified
by the Bartlett’s and Cochran’s test. In case the zero hypothesis is being
refused, i.e. the dispersions differ mutually, it is possible to assess in detail
prospective deviations by multiple comparison by means of Scheffé’s
method. Usage of that method is conditioned by sufficient compared com-
plexes. For testing of scatterings agreement and analysis it is possible to use
program of statistical data processing STATGRAPHICS and tabular proces-
sor EXCEL 5.0.

Air relative humidity value is besides temperature the second most impor-
tant factor affecting the health condition of the poultry. The recommended
value of relative humidity for chicken fattening is 65%. To assess the re-
corded air relative humidity values, average deviations from specified value
in single days of the period were determined. The assessment is provided by
the calculation of linear regressive deviations dependence values of air rela-

tive humidity on time in the course of rearing period.
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RESULTS AND DISCUSSION

Evaluatlon Of the inner air te]llpel ature lequested values maintenance in the
1 i
brollers rearing h‘)use within the p()ultry ll()l ll()ntal leVel motion

The measured temperature values (ir {
neity of Fh?fmal field analysis. Thl;sj v:/ﬂeljzsiibsetreucsi?\(}iszzl 'Shape . flomﬁ?ge‘
for the initial breeding cycle in a reduced space and 12n(tj10 3—fiays Ot
breeqmg cycle within the entire space. The Cochrane tes; aysl I??“O.ds g
th?t in flrst.an(;insecond period the set dispersions corres reflu i’ e
criteria on significance level o = 0.05. In the last period thgotn‘ £ Zn‘h [h'e o
(Siat\ljrflyoi:}::euﬁa;ﬂ?t’s test condition. During this period the rzzflat?z;dl;d nl(zt
Si(; e ;el:o thwas fOl‘J.n‘d out within following average di:persion ai\ewzll -
, : .ypothesls of average temperature sets equity has e
sat;sfalcgory in h(()jnzontal stable level at selected significan?:e l)clavssolcmt (l))f(:)ein
urthermore .etailed assessment of differential mea ratures
- - sured tem S
cgingz,riirér?n;fly;\ir\:?s ;t)erfm med by means of Scheffé’s method ofprirllalttlillrjz
e diswver;& ;tmg)eratpre values. Based on results some common
e i) » ‘re‘edl_ng start temperatures increase in measuring
e hea?.res as 1nd1c§ted. This situation may be. explained b
et e egu:icc: Its ef_fect was presented in the mentioned wayy
. T[;le P(l) Lon?1u510n the interior was intensively ventilate(i
. b}./_pass fi?tSrer;\l,xlpc::rator located ip the opposite side wall is
i imepm:ive ese are open durmg' the; m;ntioned ventilat-
i —— vacuum stable ventilation in such situation
e Iz/]ezsusrinips the outer air, cogling the thermometer ambien;
Similarly, the temperaturesodgc(i‘lenat‘4 - Part_la“y e P_Oim o gl fiin
L — se occur.red in measuring points 5 and 6 in
. s e outer air was drawn in through unproofed
It was in complex found out statisti
ﬁ:(rzztu;:z differenc_es in second angr(t)}rlrilrc;t;grsit(;s \il/shsszscncl)ertlt 1{55““53 iy
) substantially lower than in the fi T s e
Absolute daily average t o
oot Ch%Ckeln?eratgres dcv1z}t10ns were evaluated for all three
B e e En attening. "I‘h(.ﬂr results are presented in Fig. 4
B e o Vzls 0‘ average c_iev1at1(?ns in dependence on the anir’nai
;z:tFH(; failure occurred u:;l:'le;((:sgrllltreddp"el“r}IlOdl" e
e measured, . ed. The linear regressive straight lines
Bk iy ; p_erlods were interpolated by these S ini
) se:::)trl,(()jns trf)m the inner air temperature reque{;ted val\lljzgl\l:;err:cehglﬁ;
period of measurements, where the average deviation va\;fle
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4. Dependence of absolute deviations of average daily inner air temperatures from specified

value during breeding batch

&
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period 1,

from the requested one was about 1.6 K. This value corresponds also with
the regressive straight line equation presented in Fig. 4. For the second period

the equation is:
At = + 0.0002 . T+ 1.5564 (K; day)

In this second measured period the inner stable air temperature regulation

(1)

was used.

The average absolute temperature deviations values in both first and last
measured period are similar, 2.5 and 2.0 K. On the first sight they differ
slightly, but it is evident from Fig. 4, that the linear regressive straight lines
differ markedly. In the first period the regressive equation is

At = -0.054 . T + 3.8618 (K; day) 2

This equation gives evidence, that in the first phase of the fattening the
biggest deviation was achieved (3.9 K), i.e. the time, when the chickens
incline extremely to be undercooled and with the rising-up 1 value (time) the
deviation decreases up to 1.2 K at the end of the period.

Within the third period the regressive equation is

At = 0.01 . T+ 1.7357 (K; day)

In the first phase of the chicken fattening the temperature deviation from
the optimum value was 1.7 K. This smallest deviation is caused by the
positive sign of the T item coefficient of the regressive equation and increascs

(3)
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[1. Inner air temperatures deviations

e
. Average
Average £C Max Max. average
- temperature 4 temperature ('j;\l/;mgc daily deviations
Perio deviation eviation in l.Sl deviati in Ist week of
week of breeding aHons breeding
K K K K
Ist (25.2-9. 4.) 25 44 57 57
ond (28. 4.-12. 6.) 1.6 1.6 36 27
3rd (13. 10.-30. 11.) 2.2 L5 3.0 17

with the an~imal’s age up to 2.2 K at the end of the period. Results obtained
from experiment are presented in Tab. III.

Tab. III gives daily temperature deviations in the first week of breedine
Within this period the bred chickens have not developed sufficient thel;—.
moregulation abilities and their tendencies to change and deviate from opti-
m;}l temperature caused a heat stress. Comparison with Tab. III indic;tes
evidently the suitability of the regulation system used together with some 0}‘
both control algorithms. Compared with manual control of climatizagion this
enable‘s average deviation of daily temperatures decreasing and particular]
reduF:tlon of this parameter at the beginning of the breedtijng process Alsg
maximum values of average daily deviations are substantially lower‘ i;l both
casle{:s of thg control algorithm application.

egressive straight lines course ¢ i i i
ation. T th frst peiod the temperature deviatons ste yiah ot he ot s
breeding. This is probably caused by the fac s 'I‘Dl ot do . Ot'the
e p : y caused by t 3 act, that servicemen do not switch
. ?rs to save energy but par‘llcularly due to undercooling. Nega-
r e thc s arde a!so serious hurmi‘ul. element of concentrations in the
additio;.ml venfﬂzl:msoirl;rifdlng when chlcl@ns are relatively resistant, the
o biological i dévelo permz.ment rl_mr.u.ng. Therefore, d_ue to consider-
. howeve.pme{]t ”2 the .fac.‘lht)./, no danger of critical under-

- periOd,s e I, extreme '.dev1at10n increases were found.
bs gty incre\:sléd C(%?]t.r‘()l. algotilt.hms application the rggressive straight
. e, 18 1§ p(?smvg becguse of the critical state at the

> e periods. The straight lines increase could be explained by

a higher amo f ine-i

k unt of comming-in unada ir i the facili i

i nt adapted air into the facility, realiz ech-
ally by additional ventilators. resredeeh

ASSGSS ~ v .
parameterr:em 01" the experiments conditions, i.e. particularly outdoor air
experimem’g confirmed the assgmption that from this point of view the

§ at regulated running are not affected. When some control

lin
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algorithm was applied the outdoor air is used in the range determined by this

algorithm.
Evaluation of the requested air relative humidity values observance in the
broilers rearing house

ature, the inner air relative humidity was meas-
iods. The deviations of values from specifical
values in dependence upon chicken’s age are presented in graph in Fig. 5.
Evaluation of the requested air relative humidity values observance in the
object starts by average deviations during the all measured periods. The
highest average deviation was found out from the first period, i.e. from 25.
2 t0 9. 4. 1995. By using the regressive linear straight line the equation is
(4
ds (6.1 %)

As to the inner air temper
ured for all three rearing per

Ap =-0.0321 . T+ 6.0359 (%; day)

The highest deviation was achieved at the beginning of the perio
and slowly decreased up 10 about 5%.

The average deviation within the seco
1995 was 2.5%. The regressive straight line for this period is

nd period, i.e. from 28. 4. to 12. 6.

Ag = -0.093 T + 4.5914 (%; day) ®)

p inclination, at the beginning of the

The straight line has relatively stee
nd it approached the zero value.

period the deviation was 4.6%, at the e
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5. Dependence of average daily inner air relative humidity deviations fr

during breeding batch
x; 1 — period 1, O; 2 — period 2, A; 3 — period 3
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In tthe third peno‘d.‘when‘ the air relative humidity regulation was used, the
lowes flverz:gq dﬁv;fitlon of the air relative humidity 2.1% was achieved ’Thc
regressive straight line equation has the mo " o

ot st conve ' i 5
deviation decrease from 3.2 to 1.2%. pient form wih the slow

AQ = —0.0415 T + 3.1679 (%; day)
(6)

f‘o‘und]ed deylatioqs in course of breeding are presented in Tab. IV

j ti1s ztth(i .evlgen} from t.he dispersion assessment in the graph of pl‘ésented

values, that in the flrstipenod extreme deviations occurred. It confirmed again
» ‘ - ; . . <

th.e apparent pfesumptl()n of the climatization system operation inconveni;;

P o C
w1tl;cr>;1;d0perat1?]ﬂd; super-system. In the second period the extreme devialion(:j
occ as well, because the humidity i L

; . parameter is not a part of the g
_ j opera-
tlor?aijalgotlrllthm}.1 In lhc third period the extreme deviations values appe[:r ;n
: R X Le
perio Z, w e(rix the qctloll elements do not enable needed microclimate ada
) + ‘ ¢ d « -
tation: yhou(t?l 901 air, i.e. extreme weather, e. g. when it rains. Typical for ;ll
gasfg is the ecéease of all deviations during the breeding. It is clearly caused
biyOlozilcnaclrtel:f vvotl'lfn:_e of co;nmmg-in outdoor unadapted air needed for ‘the
entilation in the stable. Compared vari i
s . . le. p variants according to Tab.
i tempeart;i reevzic;thlmpfdo‘vcmem of all parameters at algorithms ap?)limtion
: nd humidity control again i :
B e gainst variant when only temperature
The tot SSme i indi
algorithmsluz?ls.essr.ncnt of the experiment indicated that variants with control
e (:Olztau;)nfriachled much better operation parameters compared
ntrol of the climatization system. Th y i :
R 1 sy . The best running results was
e s application for i ai i i
e nner air temperature and air relative
A varian ion ¢ i
ke t solution could be the timely continued regulation, or regulati
constant temperature, when smaller r iati D 1 B
ety ,terms o e{ regulated deviations values will be
: . of the climatization s o
B e In temms climatization systems possibilities. But
e inner air in horizontal level of animals is not

IV. Inner ai i idi
air relative humidity deviations within chickens breeding

Average Averag iati
ver age deviation . i
S deviation of of air relative M Maleuﬂ_l
air relative humidity in Ist average daily dav":rtz'lge df‘”)’
- o : deviations eviations in 1st
- of breeding week of breeding
- o % % 9o
. i) 4) 5.3 45 12.5
i 4 % 2.5 10.4
iy (1 8.4-12.6) 25 5.2 12.5
(3. 10.30. 11, 2.1 1.9 ;0 e
i ‘ 5.0
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homogenous in practice and differences in various stable points exceed the
temperature deviations in the breeding period course at high-quality regula-
tion. The timely incontinous operational process indicated considerable op-
erational advantages, i.e. lower energy consumption and better active
elements utilization of the regulation system.

CONCLUSION

Used variants of control algorithms applied in a single microprocessor
regulator meet completely requirements of climatization system control. This
was indicated in a relatively complicated climatization system in poultry
broilers housing. This knowledge could basically affect the decision about
the complex conception of the hardware equipment for any agricultural facil-
ity. It is evident that the initial requirements, i.e. short-time automated opera-
tion with perfect control algorithm, high reliability and anti-failure insurance
are absolutely rightful and enable installations of the relative low costs.

During the control system evaluation a necessity of the control units utili-
zation was demonstrated at the complicated climatization systems from the
point of view of the microclimate parameters quality. The inner air relative
humidity is not critical when compared with air temperature and has a con-
siderable influence upon the breeding effectiveness. It is evident that this
value may be operated by usage of local microprocessor regulators. These
regulators may be of simple and inexpensive construction but equipped by
special program. For the ventilators control a frequency regulation of revo-
lutions is necessary. It is possible to use simple cyclo-convertors, but it is not
clear so far, if the step change of the revolutions would be applicable for
complicated systems, e. g. for the mentioned poultry rearing objects.

Symbols

t. — outer air temperature (°C)

{; — inner air temperature (°C)

@i — inner air relative humidity (%)

ty — upper limit of the controlled inner air temperature interval (°C)
tp — bottom limit of the controlled inner air temperature (C)

ts — middle point of the controlled inner air temperature (°C)

@# — upper limit of the controlled inner air relative humidity (%)
@ — critical value of the inner air relative humidity (%)

AT — inner air temperature deviation from required value (K)

A@— inner air relative humidity deviation from required value (%)
T - time (days)
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Vho\c/lnz;r?iz(g:ils::df(n:fcastg,prm’/ozvovény ene‘rg?tickuyv naro¢né systémy, které nemaji
fidici nadsystém nlcys"cnll' 1%011.1'1?chto S.YSt/emu muZe pak byt nedostate¢né, nebot
o E Oé'tnld 0’ po\fldapm lechmcke parametry. Druhym extrémem je insta-
o V;C)dl i acov])/ill /s‘trulflur s} ctllem zceVla zautomatizovat chovny ¢i péstebni
Ziznami hodnot & ng_U‘ﬂf«mth “j}]kfl ]S’OU z?lj,lstény i razné vedlejsi funkce, véetnd
nické i i’ :apojv‘brfl d,o pv‘()CllE‘l.COVyCh/Sltl. apod. Tim dochazi k neimérné tech-
Cilem r;i‘ < lnancvnvl n}af(’)c’n())su _takovcto instalace.
s aplikacipﬁzceem yklﬁ ove.ren: r’1d1c1ch f,unkci lokalniho mikroprocesorového regulatoru
Vhodnost; ey lln'«lvl'll,ab,mho Sys.temuu v odchovné kufecich brojlert a prokazani
e ; ych fidicich algoritmi.
yzkumné

A tcely bylo pouzito ovéfovaci i5té se systé i
m]kroklimatu e y bylo ov€fovaci pracovisté se systémem pro upravu

OVané pary téj-i pro Yyern 13 000 kufecich brojlert typu Ross Breeders. Poza-
metry mikroklimatu jsou uvedeny v tab. I. Rizeni systému je maximaln&
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naro¢né na regulacni zabezpeleni, a tedy dovoluje variantni zkouSeni fidicich algo-
ritmi a nasledné méfeni regulovaného systému. Stdj je vytvofena rekonstrukci kravi-
na K96. Vétraci systém tvofi rekuperacni vyméniky z gravitacnich tepelnych trubic
s obtokem a dopliikové ventilatory. Pidorysna situace vCetné instalovanych rekupe-
ratord a rozvodu vzduchu plastovymi rukdvci je uvedena na obr. 1.

Snimani relativni vlhkosti vzduchu ve vnitfnim prostoru stdje bylo zajiSténo psych-
rometrem originalni konstrukce v kombinaci s elektrickym pfevodnikem, jehoZ blo-
kové schéma je uvedeno na obr. 2.

Podstatou experimentu je srovnani Gc¢inki tfi variant provozu klimatiza¢niho za-
fizeni. Jednd se o provoz bez regulace, provoz s regulaci vnitfni teploty vzduchu
(obr. 3) a provoz s regulaci vnitfni teploty a relativni vlhkosti vzduchu (tab. I1). Tyto
fidici algoritmy jsou pouZity ve dvou chovnych turnusech ndsledujicich po turnusech
s manudlnim fizenim systému. Parametry mikroklimatu byly u vSech variant méfeny
méfici dstfednou v intervalech 15 min a nasledné byly vypocteny primérné denni
odchylky teploty a relativni vihkosti vzduchu v zavislosti na ¢ase. Vyhodnoceni bylo
provadéno jednak vypoctem linedrnich regresnich zdvislosti absolutnich odchylek,
jednak posouzenim nejvy$Sich odchylek v pribéhu turnusu. Dale byly statisticky
vyhodnoceny hodnoty teplot v jednotlivych mistech prostoru stdje a statistickym
programem STATGRAPHICS byla zjiStovéana jejich shodnost.

Pfi vyhodnoceni naméfenych teplot vnitfniho vzduchu byly zjiStény vyrazné nej-
mensi odchylky od poZadované drovné ve druhém turnuse a srovnatelné i ve tretim
turnuse, tj. pfi regulaci teploty a teploty i relativni vlhkosti vzduchu. V obou pfipa-
dech regulacnich algoritml byly zji§tény stoupajici asové zavislosti teplotnich od-
chylek a malé odchylky teplot v prvnim tydnu chovu, ve srovndni s prvnim turnusem,
tedy s manudlnim fizenim systému, jak je zfejmé z obr. 4 a tab. III.

Pti vyhodnoceni naméfenych relativnich vlhkosti vnitfniho vzduchu byly zjiStény
nejmensi odchylky od poZadované hodnoty pfi pouZiti fidiciho algoritmu pro regulaci
teploty a vlhkosti vzduchu. V celkovém vyhodnoceni parametrd mikroklimatu byla
v této variant€ dosazeno nejlepsich vysledki, jak vyplyva z obr. 5 a tab. IV.

Na zéklad€ zjist€nych hodnot 1ze odvodit zavér, Ze pouZité varianty fidicich algo-
ritmi aplikované v jednoduchém mikroprocesorovém reguldtoru zcela spliiuji poza-
davky na fizeni klimatizadnich systému, coZ je prokdzano na pomérné sloZzitém
systému klimatizace v odchovné kufecich brojlera.

klimatizace; fidici systém; energetika; odchov brojlert; rekuperaéni vyménik tepla;
fidici algoritmus
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