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MATHEMATICAL DESCRIPTION OF A BLEACH IMPREGNATION RESERVOIR

Bekobod Ibragimov

Karshi Engineering Economics Institute. Address: 180100, Mustakillik avenue, 225, Karshi city, Kashkadarya region,
Republic of Uzbekistan.
E-mail: ibragimovbekobod@gmail.com.

Abstract: This article discusses the issues of constructing a mathematical model of the technological process of
bleaching textile materials in an impregnating reservoir using the heat balance equation, on the basis of which a qualitative
analysis of the dynamic properties of an object has been carried out in order to create highly efficient control systems with
the use of energy-saving technologies. While constructing a mathematical model characterizing the established and non-
established modes of the control object (impregnating reservoir) used changes in heat flow and mass velocity of the incoming
tissue. An algorithm for constructing a mathematical model of the process of bleaching cotton fabrics has been proposed.
The results of solving a practical problem show the adequacy of the developed model.

Key words: textile materials, impregnation reservoir, bleaching of fabrics, heat balance, environment, thermal
resistance, mathematical model, transfer function.

Annomayun: Hccukiuk 6anancu menenamacuoan Qouodanranean x0a0d CUHOUpYy8dU 6AHHAOA MYKUMAYUIUK
MaAmepuaniapuny OKApmMupuul MexHOI0UK HCAPAECHUHUHE MAMEMAMUK MOOETUHY APAMUW MACATANAPY, OYHUHE ACOCUOA
00vbeKmHUHZe OUHAMUK XYCYCUAMIAPUHU FOKOPU 0apaxcadd cugamiau maxaun KUuiuud Y4YH 3SHepeus menicauoueaH
MEeXHONI02UANAPOaH (Qoudanranean Xoa0a camapanu OowkKapuwi musumiapu Kypub uyuxurean. Bowkapuw obvexmu
(cuneoupy8uu 6aHHA) HUHE YPHAMUTCAH 64 YPHAMUIMALAH DEeICUMAAPUHU MABCUDI08YU MAMEMAMUK MOOETHU KYyPUuoa
UCCUKTUK OKUMU 84 Kelaouean MamolapHuHe macca mesaucuoasu yseapuwinap uwinamunzcan. Ilaxma mamonapunu
oKAPMUPUWL  HCAPAEHUHUHS MAMEMAMUK MOOETUHU MY3UWl ATOPUMMU MAKIUG Kunumean. Amanuil macaranu ewuu
HAMUNCANAPYU UUAAO YUKUIAH MOOENHUNE MOHAHO IKAHAUSUHYU KYPCAMOU.

Taanu cyznap: myKumMauuiuk MAmepuaiiapy, CUH2OUpY8uu 6aHHd, MAMOHU OKAPMUPUW, UCCUKIUK Oanaucu,
ampogh-myxum, UCCUKIUK KAPUIUIUSU, MATNEMATNUK MOOeTb, Y3amuul PYHKYUACU.

Annomayusn: Paccmompenvt 60npocbt nOCmMpoeHuss MAMeMamuyeckolu MoOeiu MeXHOIOSUYECK020 npoyecca
ombenUBaAHUS MEKCMULbHBIX MAMEPUANO8 8 NPONUMOYHOU 6AHHE C NPUMEHEHUEM YPAGHEHUS. MEeNI08020 OANAHCA, HA OCHOBE
KOMOPO20 — OCYWECMEIACMCsl  KAYECMBEHHbI  aHAIU3 — OUHAMUYECKUX —C8OUCME 00bekma ¢ Yeablo  CO30aHUs
BbICOKOIPHEKMUBHBIX  CUCTEM YAPAGNeHUs. C NpuMeHeHuem 3dHepeocbepezaiowux mexnonozutl. Ilpu nocmpoenue
MAMEMAMUYECKOU MOOeIU, XAPaAKmepusyiowell YCmaHo8UeUILecs U He YCMAHOBUSUUECS. PENCUMbL 00bEKMa YNPAaeieHUs.
(NMpONUMOYHOL 8aHHbBL) UCNOLL30BAHDI USMEHEHUSI MENL08020 NOMOKA U MACCOB80U cKopocmu mranu. [Ipednodicen areopumm
HOCMPOEHUs MAMEMAMUYECKOU MOOeNU nPoyecca omoenuganus Xionkogulx mrkanet. Pezynomamol pewtenust npaxmuyeckot
3a0auu NOKA3au a0ek8amiHocms papabomanHou MoOeIu.

Kniouesvte cnosa: mexcmunvbhvie Mamepuaisl, NPONUMOYHOU 6aHHbL, OMOEIUSAHUE MKAHEL, MEenilo8ou bananmc,
OKpYJICcaowas cpeod, mepmMudeckKoe ConpomueneHue, MamemMamuiecKkas Mooeib, Nepedamounas QyHKyus..

Introduction

Nowadays, special attention is being paid to the textile material quality.

In the textile industry, the most labor-intensive are the technological processes for preparing the
dosage of dyes and textile auxiliary utilities (TAU) for printing, dyeing and finishing of textile materials.

Improving the quality of production is largely determined by the level of automation of
technological processes performed by technological units. An important stage in the modernization of
existing or the development of new control systems for the investigated object is to determine the
dynamic properties of the process.

There are a large number of works devoted to the issues and automation of dyeing processes,
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which consider the issue of automatic maintenance of temperature, concentration and level of solutions,
etc. [3].

For the quality management of bleaching processes in the textile and other industries, the issues
of automatic regulation of the flow rate of liquid, bulk and viscous media are of paramount importance.
The creation of automatic control systems in many cases is complicated by the lack of precise methods
for synthesizing control algorithms that provide high accuracy and reliability for a long time.

To solve this problem, it is necessary to develop mathematical models of the controlled object.
This paper presents the results of a study of the dynamic properties of an impregnating reservoir for
bleaching fabrics in textile factories.

Solution methods

Meanwhile, much attention is paid to various chemical-technological processes in the textile
industry, taking place in devices with increased pressure.

The reservoir is heated by means of a coil (or heating jacket), into which steam is supplied with
a flow rate g (kg / s) and a specific enthalpy io (kJ / kg). The wet cloth wrung out in the previous machine
is also supplied to the reservoir with a mass rate of u,, (kg / s) and a feeding solution G (kg / s). The
solution level is maintained at a given value Ho by a level regulator supplying water G, (kg / s), and the
solution concentration is controlled by a concentration regulator or a dosing device (Fig. 1).

sz s €y Cppy By OT’ oy

Qs Ay Ay Op O

;505,08
<Q5; cr; Cpy ity Op uy, 17 Qx ey Gs prr
A o S

)
Ocr
A4
JAY/ 3%
Wa(p)
+ ]+
)
SN s i | ()——
ABp

Wdp)

b)

Fig 1. Object for controlling temperature:
a - heat flow schema; b - structural mathematical model of the solution temperature control process.
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For the equilibrium state, the heat balance equations are written in the form
Qy +Qp +Q +Q, —Qs, Qg =0 1)
where Q, = aS(6.; — 6, )— heat flux comprised by steam into the solution from the outer walls of the
coil; Q, =G,,c,,Q,— heat flux introduced by the feed solution; Q, =G,c,Q,— heat flow introduced
by water; Q, =u,(c, +Cp -m, J0— heat flux introduced by incoming tissue; Q, =uy, (¢, +C, -m, )6, —
heat loss with outlet tissue; Q, = Q,'+Q,"— heat loss of the reservoir to the environment by heat transfer
Q' and evaporation from the surface of the liquid Q,".

In the previous expression, Q;'= A (6, —6,) a, A =Y a;F, where F, and o; is the area of the
1

surface of the sides and bottom of the reservoir and the corresponding heat transfer coefficients. The loss
Q" depends nonlinearly on temperature, but within a certain temperature range in a linear

approximation Q;"= A6, — A,.

Heat flows shown in Fig. 1, a, are determined in kilojoules per second (kJ / s). For these flows,
the same as for the above expressions: Ocr, 6m, 6, 08, 01 and Ooare the temperatures, respectively, of the
walls of the coil, reinforcing and working solutions, added water, tissue and the environment, °C; ¢y, cr,
cp and cp1 - specific heat capacity of the reinforcing solution, tissue, working solution and solution, which
impregnated the incoming tissue, kJ / (kg * © C); a is the coefficient of heat transfer from the walls of
the coil to the liquid, kW / (m2 * ° C); S is the outer surface of the tubes, m?. In further calculations, for
simplicity, we will take cp1=~cp~cs =4.19 kJ / (kg * ° C).

In an unsteady mode, the influx or consumption of heat changes, as a result of which the thermal
energy of the reservoir accumulates or decreases. For the unsteady mode, we linearism the expressions
for individual heat fluxes. The adjustable value is Op, the regulating effect is the steam consumption g.
For the perturbation, we take the change in the mass velocity of the tissue, u.. etc.

Heat flow introduced by steam Q = g(i0 —iK), where ik -is the enthalpy of condensate removed

from the coil. With a change in the heating steam supply AQ, the temperature of the coil wall Ocr, the
heat flux AQ1 and the temperature 6 will change. The coil filled with a steam-water mixture has a heat
capacity C1 (kJ / ° C). The process of changing the wall temperature Oct can be expressed by the equation

d(Aé AO_ -0
Cl ( Cm:AQ_AQl:AQ_ cm P’ (2)

dt R,
where R, =1/aS — thermal resistance of the coil, ® C / KW.
Change in heat flow 401 and mass velocity of the incoming tissue Aun and will lead to a change
in Op and heat fluxes 404 and 4Qs introduced by the incoming and carried away tissue, and

also to a change in the heat loss of the reservoir room to the environment AQe.
In case

c,9A%) _ v 4 AQ, - AQ, - AQ, (3)
where C, =Vp,c,— heat capacity of the reservoir, kJ / ° C;
AQ, :Ril(AQCT_AQP); AQ, :(‘3T+CP1 -ml)HTOAum;
AQ, =u,, (¢, +c, M, )AG, + A6, (c, +c,-m, AU, ; AQ, =(A +A,)AG,

Let us represent AQs—AQs—AQg in the form of terms depending on A6p and Aum. Overall
c, d(A6,) _AB,,—Ab, _AG, +FAU . 4)
dt R, R,
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where
1

Umo(CT +CP'm2)+(A1+A2)
has the dimension of thermal resistance (° C / kW), and
F=(c, +cp -m)B, —(c, +cpom,)e,
Let us write equations (2) and (4) in operator form with zero initial conditions:
C, p(AHCT ) =AQ - M
Rl
A0 —AG, A0,
Rl B RZ
Having solved this system of equations by substituting the value, from equation (5) into equation

R, =

(5)

C,p(A6;)= +FAu, (6)

(6),
we obtain
R.C,R,C,p’Ab, +(RC, +R,C, + R,C,)pAb, + A, = R,AQ+R,(RC,p+1)FAu,, @)
We denote: T, =CR,,T, =C,R,, T, =C,R,, then
T.T,p°A6, +(T AT, +T,)pAb, +Ab, = R,AQ+R,(T,p+1)FAu,, (8)
Let's introduce dimensionless quantities:
p=A0,/0, ;  u=AQ/Q. ; f=Au,/u,; 9)

where Qmax — maximum heat gain with fully open valve.
Substituting the values of ABp, AQ and Au,, into equation (8), we obtain

TT,p0+(T T, +T,)po+o=K,u+k (T,p+1)f (10)
where 71, T», T3 — time constants:

T,=CR = %’
¢, (11)
T,=C,R, = ,
U, (€7 +Com, )+ (A +A,)
C
T,=CR, = 1 ;
Uy, (G +Com, )+ (A +Ay)
ko — coefficient of controlling panel
k= 2 e : (12)

O, lUn, (cr +Cam,)+ (A + A ),
ki— coefficient of transmission to the perturbation channel

0,

Un, [(CT +CP1ml)_ (CT +CpM, )]9

k, = iy 13

TG o) (AT A) .

Consequently, the dynamic properties of the heated impregnating reservoir correspond to the

dynamic properties of the 2nd order link, at the input of which an equivalent disturbance acts (T,p+1) f

. This link is characterized by three time constants and the transfer coefficient ko. Taking into account

other perturbations caused by changes in humidity mz and my, the temperature of the incoming tissue 6t
and other factors, additional terms would enter the right side of equation (10).

Transfer function in relation to control action

k
W, (p)= 0
o(P) TT,p?+(T#+T,+T,)p+1’ (14)

82



MANAGEMENT OF TECHNOLOGICAL PROCESSES

and with regard to the disturbing effect
k(T,p+1
W,(p)= o ol (15)
TT,p> +(TaT,+T,)p+1
Considering a structural mathematical model of the solution temperature regulation process.
Equations (6) and (5) can be seen as

A, =W,(p)AG +W,(p)Au,, (16)
Alcr =W3(p)AQ +W4(p)A9P (17)
where
W,(p)=[C,p+(U/R +1/R, ) (19)
W, (p)=F[C,p+ /R +1/R,)["; (19)
Wa(p): Ri(R1C2 p+12)_1; (20)
W4(p)=(R1C2p+12)_1 (21)

The system of equations (16) and (17) corresponds to the block diagram in Fig. 1 b, in which
there is a loop with positive feedback on the parameter A0p. Transfer function in relation to control action

AQ
Wo(p): AQP — Wl(p)NS(p) (22)
Ael 1—Wl(p)N4(p)
After substitution of values W,(p), W,;(p) and W,(p) find the value corresponding W,(p) to

its value obtained from equation (14).
Transfer function with respect to disturbance
_AG, Wz(p)

Wi (p)— Au_ - 1_W1(p)N4(p).

Substitution of the values of the transfer functions gives the corresponding value obtained from
equation (15).

Example. To estimate the numerical values of the parameters of an object, let us consider as an
example an impregnating reservoir with a volume V =60l =0,06m® and F,, =0,5m* surface of liquid
evaporation. The fabric enters the reservoir with moisture m, =01 (10%). The mass of 1 m of air-dry
fabric is 0.16 kg, the mass of 1 m of dry fabric is 0,16(1+m,) =0,16(1+0,1) = 0,145kg. The fabric moves
at v=70m/min =116m/s speed. The specific heat capacity of the solution in the reservoir is close to
the specific heat capacity of water - ¢ = 419kJ / (kg * ° C). The moisture content of the outlet m, =1,2
. The loss of heat from the reservoir to the environment by heat transfer due to their small value is
neglected and considered A4, = 0. In the temperature range of the solution 40 + 80 ° C and the parameters

of the air above the solution t,_,=30°C and ¢ =90%, it can be assumed that the coefficient is
4,=015*F  =015*0,5=0,075 kJ / (c * ° C).

Heat capacity of the reservoir C, =Vp,c, ~0,06*1000*4,19 ~ 251kJ / °C. Mass rate of fabric
u, =0145*116=0.17 kg / s. Thermal resistance

(23)

R _ 1
LU (cr e, my)+A
1
R, =
017-(1,38+4,19-1,2)+0,075

Time being 7, =C,R, =251*0,86 =216s

=0,86 °C/ kVt.
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The heat capacity of the Cy coil, half filled with condensate, fluctuates usually within 15-
20 kJ/°C, and the time constant is 15-40 s, depending on the degree of contamination of the coil surface.
Taking the average values, we get T =~25s, T7,=CR,=18*086=155s, in case
T, +T,+T,=25+216+155=256s.

For a numerical estimate of the transmission coefficient k,, it is necessary to have data on the

maximum steam inflow into the coil when the control valve is fully opened. Let us assume that at a
steam pressure in the steam line p,,, =0,2MPa ( p,,, ~ 2kgf / sm?), the maximum steam consumption,

determined by the thermal resistance of the coil and the temperature difference between the steam and
the solution, is G, =90kg/h=0,025kg/s. Then Q, ., =Gy (i, —1,) =0,025*2104 = 54 kJ/s and the

transfer coefficient. If we take the nominal temperature of the solution 6, =65°C, then is

uso

k, =46,5/65=0,72. If there is no coil and the reservoir is heated by live steam, thermal resistance
R, =0, heat capacity C; =0 and equation (10) transforms into the equation of the Ist order object:

(Tz p +1)¢ =Kot +Ki f (24)

Conclusion

The presented algorithm for constructing a mathematical model of the bleaching process allows
automating the process of forming a dynamic model of the process to assess the dynamic properties of
an impregnating reservoir, on the basis of which a highly efficient resource management system and
energy-saving technology can be developed.

In the future, in order to create a methodology for creating an automated control system for the
bleaching materials, it is advisable to improve the developed algorithm, expand the range of tasks to be
solved, as well as develop intelligent control systems in various subject areas.
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