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In the production of chloromethane the main apparatus is a chlorinator, which in
the production of chloromethane is used directly for chlorination of methane, this
procedure requires a clear temperature regime, heating occurs by supplying heating
gases from the furnace where the process of burning natural gas in excess air.

The main initial parameter (adjustable value) is the temperature of the reaction

gases at the outlet of the chlorinator fout, ..

Inlet (control signal, control action) - air flow at the inlet to the furnace G, .
The perturbation is the consumption of reaction gases at the entrance to the apparatus

Bin, .

Bin_p.r.
Gp.r. h \\: T~ Bout_p.r.
ALY — ST | a——
N~ -
g
- N
=" \\ e
GrT.I. - > T.r.
- e Y N

Fig. 1. Structural and parametric scheme of the chlorinator.
G, — consumption of reaction gases; #in, . — temperature of reaction gases at the inlet; fout,, . -
temperature of reaction gases at the outlet; G_ . — flue gas consumption; &__— temperature of flue gases;
According to the technology of methane chlorination, it is necessary that the
temperature of the reaction gases was 450 °C. Temperature control will be carried out
through the channel «air flow - outlet temperature of reaction gases».
Equation of heat balances:
{Gp.r- Cpr 0Ny +Gr-C -0+ G- k-x,™ = G- ¢y - Bouty,;

Gn "G 5'rx +a- GHDE "Chor - HI‘IDE = GT.r" Crr- 5"I.r' (1)

Table 1 Values of the main static mode
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Name Marking Numeric value Dimensionality
Consumption of reaction Gp.r 0,5 kg /s

gases

Flue gas consumption Grr 0,02 kg /s

Fuel consumption Gp 0,02 kg /s
Density of flue gases Drr 1,22 kg /m’
Density of reaction gases Por 1.4 kg / m’
Reaction gas temperature O1in, 100 °C

(inlet)

Heat capacity of reaction Cpr 1.430 kJ / (kg - K)
gases

Heat capacity of fuel Cr 2.226 kJ/ (kg - K)
Heat capacity of air Crion 1.007 kJ / (kg - K)
Heat capacity of flue gases Crr 20.07 kJ/ (kg - K)
Energy of activation of a E. 83.7 kJ

chemical reaction

Energy is attributed to 1 q: 62.31 kJ

mole of substance

Volume of reaction gases Vor 1.5 m’

Volume of flue gases V.r 2.5 m’

From the equation of the second equation of the system (1) we derive the

equation of dynamics, where the input parameter is G , and the output — 8_

d8.
GI‘I ’ CI‘I ’ HI‘I + a- G[[EIE ’ CIIDE ’ SHDE - GT.F ’ CT.r ’ 8".|.'.r' = I“;.r ’ CT.r ) pT.r d¢ (2)
dAB. -
&Gn “Cp e HI‘I +a- &GIIDE *Chos - HI‘IDE - G’I.r “Cor &&I.r = I'I;.r "Crr Prr dt (3)
cpfy @ *Cpon Fnon VepCrp'Prr @48
ﬂGﬂ . ' Crr + ﬂGEDE . e T = G " Cor e . dat + ﬂg'r'r (4)
VirCorPrr epfy @ Cnge Pros
Tl =—"7"—= F{Gt_lﬂtg = F{Gaz'r_ﬂtg = (5)

GT.r'":T.r' GT.r'":'r.r' GT.r'":T.r'

Equations in canonical form
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th Etg&G + F{Gaar Etg&Gm:nB = Tl Pex + 'ﬁ&r r (6)

Perform the transformation of equation (6) according to Laplace

9-1- L= 'I':Gair_ﬁ'tg":"snus (7)
' Tip+1

Substituting in the first equation of the system (1) equation (7) we derive the equation

of dynamics, where the input parameter is

Gpos» and the output — Gout,,,:
Gor Cor BNy, + G -0 +q kX" — G- G- Bout, . =V, -

p. pr ‘pr p.r pr tpr’
dfouty,
Ppr ™4
(8)
k — A - R-Goutpr (9)
Eg
gH-E‘aurp,p
}’=Gp.r'cp.r'Qr'A'Eam (10)
GprCpr ] . Grp'Crr Vir CprPpr ddBouty

. ﬂﬂmplr + B AG, . = . " + ﬂﬂautp (11)

GprCpr Gpr'Crr . Cpr ' Ppr
kﬂ:’n_{? = % kﬂout_tg = T T2 = % (12)
Equations in canonical form

. dABout,

Koing * DOINy: + Kooue ¢~ Arp = T2———2% + ABout,, (13)

Perform the transformation of equation (13) according to Laplace

(T2 p + 1)ABout,, = “outa¥carseg g = (14)

(T1-p+1)

Eoutp-r":ﬂ] _ kﬁ'aur_tg'kcair_ﬁ'rg (15)
AGpne(p) (T1p+1)(T2p+1)

According to the results of the transformations, the transfer function of the system via
the control channel «air flow - the temperature of the reaction gases at the outlet» was

obtained.

W(p) — kgour tg’ kcair " Gty ( )

(T1-p+1)(T2-p+1)
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Fig. 2 Static characteristic on the channel G,,, — fout,,
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Fig. 3 Dynamic characteristic on the channel G, — fout,
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