contain the amount of water necessary to maintain
the processes. The second heat tank is designed to
store the water required to carry out process 4.2,
and its volume should be as large as the amount of
water needed for the process. The design presented
in Fig.1 can provide for the processes involved in
the technological regulation. The task of process
control is to determine the controlling variables
ensuring minimum costs (water, vapor) the scheme.

MATHEMATICAL MODEL

It is assumed that for each of the four stages
cooling will be carried out by certain dependence of
the change of cooling water flow with time. This
assumption provides a possibility to use models of
the processes with ordinary differential equations.
These equations describing the processes of heat-
and mass transfer are:

1. An equation describing the change of the
temperature of the mixture in reactor F4 when a
flow of CW20 or CW5 of certain flow rate Fu; - is
described by an equation for each time interval:

AT, (©-1) (FWiCpWi)( "1 )Vieled) ()

dt Dy; VeCpe
where:
° T =X Ty + (1_ X )Tws’ X = {OV]-}’
. Wi:ﬂ:exp( VA ] A s
T T, FwiCPwi
the heat exchange surface of the serpentine in [ mz],
) U is the total coefficient of heat transfer, in
[ewm 2k ],
. CPr,CPya0:CPys 1IN [kJm‘g’K‘1 ,
o CPwi = XiCPw 0 + (1_ Xi)CpWS’ Cpw 2 and

Cpus are the specific heat capacities of CW20 and
CWS5.

. The flow rate of the cooling water through
the serpentine is Fyi [m%/s].

2.The temperature at the serpentine outlet is
determined for each time interval by the equation:

T-*=(®W‘_1)TH+(D1 T", Vie(l+4) )

Wi Wi
The solution of equation (1) was to be found
under initial condition Te(0), where Te(0) = Tsr(0),
at i =1 and Tr(0) = Tri(0)(ti-a) ati >1. It should
be taken into account that the temperature of the
water flowing out of the serpentine T, must be
lower than that of the material contained in the

fermenter Tei ie. T 2T, .

3. The volumes of the tanks S1, S2, SW and
their temperatures for each time interval are
described by:

g " Vie(z4)
CpuVs: d; = VRl -T4)
At initial  conditions  V{,(0)=V. (t(, 1))

T4(0)=T4(y) and at i=1 for the flrst time
interval — 1 V{,(0)=0, T¢,(0)=T,".
dve,

= yistWi
t | vie(=+4) 4
CpuiVey dTSZ =y’ FWiCp\Ni(Ti* _Tsiz)
At inltlal conditions  V{,(0)=V (‘1)(t(,_1))
T4,(0)= TS(‘Z‘l)(t(i_l)) and at i=1 for
the first time interval — V{,(0)=0, TS, (0)=T".
dVSIW SwW
=Y Fui
dt 47! Vie (1+ 4) )
CpWVI dSW I:W|CpW|( | SW)
At initial  conditions  V{, (O)=VS(\iA71)(t(i_l)) :

TS‘W(O)zTS(\‘N‘l)(t(i,l)) and at i=1 for the first time
interval —Vg,(0)=0, T4, (0)=T", y*={v1},
y22={0v1}, y» ={0v1} depending on the that
whether the corresponding heat tank is filled during
the given time interval or not.
4. Cooling flow values Fy;(t) with time. In general
the flow through the cooling serpentine can be
presented by the expression:
signlFya — F L))+
Wl(t): g ( MAX I( )) }’vl € (1+4), (6)
(1_ Slgn(FMAX -F (t)))FMAX

at

F@) = A +(B - A)exp(-Cit), Vie(+4), (7)
Where sign(.)=1 when (Fy. —F(t))>0 and
sign(.) =0 at (Fyayx — F:(t))<0. The values of the
coefficients A, B;, C; should be determined.

Another possible method for controlling the

cooling water flow is at a constant flow rate within
the intervals. This method is comparatively easy for
implementation, but the effectiveness of each
method should be compared. In this method the
values of the coefficients are A =0, B, >0 and

C,=0 foreach ie(l+4).
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