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Abstract:

For target of stablllzlng the speration of ammonia converter R-107
1= Semadco J{TALKHA II Fertilizer Company?; that 1s by designlng
appropriate contrel system for the "HP BFY heater E-12&7" <CHigh
Fressure Boller Feed Water heaterD which governs the system inlet
temperature; 1t 13 very lmportant to constructamathematical model
which slmulates perfectly the practlecal system construction and
operatlon.

Such a model ls not clearly and accurately pre=sented in
references. So; this work deals wlth formulating and constructing
suitable mathematical model for thiaz E -127 heater. The modelling
procedure l= based on dlwlding the chemical system into =subsystems
coupled through boundary conditlons.

The suggested mathematical model is tested numerically by
computing the system open loop performances, which are then compared
wlth the recorded experimental performances from the fleld.

The results obtained show good agreement between both of the
suggested model and the physlcal systen.
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Introduction :

In the ammonia synthesis section of Semadco urea plant shown in
Fig.C1); the primary objlective In the control of a high-pressure
synthesis loop, and the entire ammonla plant 1s to produce the desired
amount of preoduct consistency ;C1200 metric Lons per dayd; with low
operating costs, minimum risk, long equipment life time and reduced
down time., An optimization of the operation of the synthesls loop
requires that careful attention be given to operating varlables; the
most. important of which are: [(1,8]

1 —-converter temperature.

2-loop pressure.

3-inert concentration inlet converter.
4—Hz - N2 ratlio,

5-gas circulation rate.

The main reaction 1in the ammonia converter R-107 is a highly
exothermic one. Consequently, the hob reactor effluent 1s often used
to preheat the reactor feeding from 30°C to 1B0°C through the ammonia
converter feed effluent exchanger E-128, such exchange may lead to
serious stability problems in the reactor operation due to undesirable
operating conditions.

As shown in fig.{(&-ad>, the relation belween the reactor reeding
temperature CTR and the reactor effluent temperature (T Ilrfollows a
I

slgmoeldal curve. In other way, a heat balance around the heat
exchanger operating point 1s represented by a straight line linear
relation,

Mostly, the unstable problems associated with the reactor
operation are occurred due to the operating polnt "Sz“ {3]. Thus, a

secondary heater E-127 with BFW is added which can be designed with
the aid of robust adaptive controller in purpose of modifying the
sigmoldal curve to that suggested in Fig.<(2-bd.

This E-127 heater can glve heat duty of 30.5%10° keal hr.[8}
during passing the hot effluent gaseszs from ammonlia converter R-107 at
3277 where the gas is cooled to 188°C.

Precizely constructed mathematical model for E-1237 heater is
helprul for designing appropriate controller. Such a model is not
avallable ; so, thlis work deals with bullding a suitable one; that is
by considering the heater as a multiwvariable system, and depanding on
the practical knowledge and observations of the process feeds and
parameters.
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Model Building for the HP BFW heater E-127

Considering the E-127 subsystem under study shown in Fig. (32 with
azszoclated chozen input and eutput variablesz which can be defined as:

u Stroke of wvalve HVii1,

s stroke of valwve FVSL.

D : input temperalure to E-127 (TIC164D.

Y BFW flow (FTE7> + inLeraction effect from (FTS1D.

yz: flow to E-127 (FTS13 + intwraction effect from (FTS7).
Yot out.put temperature C(TIO153D.

and selecting the state variables as:

Xl: BFW flow (FTS7).
flow to E-127 (FTS51D.
out put. temperature CTIOI53D.

: 54.84 A
X‘: gas circulation rate @@ = T - T » TRF (4,51
: i
where A is the ammonia product Iin tons-day.
TEF 1z the temperature rigce factor.

2"

The system can be reprezented by the suggeslied block diagram shown
In Flg.C43; for which system transtfer funclions can be performed 1ln
the fellowing matrix equatlon form :[2,6]

¥ Gvy (GyvarGriz ) O
! Gvz us
Y, = C(:"w-GFu.'J u + o [ D] 1o
(GveGp ) (Gya«Gpaz o z
¥ a4 Gpaa

]

wilh the system output egquations

Y, 1 Ckl O O 4
vy, =fek, 1 o o fa can
Y, O O 1 (a) 4
where: [6,7] K4 TK 2
Gve = IS v 1 Gva = TTim v 1
Gp12 = cki Grz:1 = ckz
eka cka
Gpas = TTi S 1 Gpaz = "TTz S+1

cks

Gre2 = TTTe 41
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Thus, system state model can be deduced from (13 & (23 giving

b4 a [ o =} 4
' 14
b4 o a o [ pre
., 2 e 22 +
3¢ [ [ a a 9
- | as 34
3¢ a a a a 4
+ 44 42 43 44
bi1 & e o
o baa o
+ D 3
o [ uz ¥q
bei baz o

whare all of a , b and y parameters depend on the previous defined
system constants by complicated relations which are omitted here for
saving area. These paramsters wlll be ldentiflied in the next section
>y the ald of experimental lnvestigations.

Parameters Calculations and Results:

ixperimental approach is used to investigate how the behavior of HP
JF¥ heater E-127 changes with time under the influence of changing
axternal disturbances and manipulated variables. Table (1) summarizes
.he recorded changes 1n the E-187 cutputs under dellberately 1% step
thange in the FVYS1 valve stroke Cuad.

From these data, system specification parameters can be calculated
lving flnal values as shown In tablel2)

Consequently; the different transfer function components will be:

1.8 0. 828
Svi = 506 541 Gvz = 75,06 § -1
G  =Cki =0.0 6, = Ckz = 0.3
pez -0.23 P -0.188
Gpat = 755 & 1 Gpsz = TS 4 1
8
®pea = o e 1

nd the final state model with the corresponding output equations

will bes:



MANSOURA ENGINEERING JOURNAL (MEJIVOL. L6 NO. |, JUME 199}

®a 16,7 o] o] e}
x2 _ o} -16.7 o} o +
X3 o] o] -0.1 -1
X4 -, 3@% -,257 -O.c  -0.2
ao c - 0.0
o] 13.7% ut ©.0
. + . .
o] ) u2 o.a D (4)
¢® D.213 L oc.0

VES 1 0 0 0 X,

x
Y, = .31 0 o x: (3)
Y, 0 0 1 o i X,

According to this deduced mathematical model:; and considering
nominal values of ue = 0.35 ; w2z = 0.8 and D = 0.874 ., transient
response calculations are carried out on IBM Personal Computer using
Runge—-Kutta technigue.Calculated state variables are plotted together
with that recorded in Fig. (5).

Coneclumion:

It is clear from these simulation that X, X,, X agree well with

recorded values. Howevear, X, inspite of tuning parameter wvalues for

this wvariable, the result is not satisfactory.For the time being. the
result 13 stated as it, however more wWorkKk on this point 15
undergoing.

Partially satisfactory results are obtained which indicate
enough and acceptable similarity between each ot experimentally
recorded, and the theoretically calculated state changes for the
HP-BFW heater (E-127) in the ammonia plant of semadco. .

Thus the suggested mathematical model can be considered suitable
for simulating the real system after scome further adjustment, and
consequently helptrul when used in future rfor designing appropriate
controllers for governing and modifving operation.
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Time FTS7({vyl) FTS1{v2) TIO133(v3) T10l64{D) TIO151(Tr) Q[X‘]
{hr) mafhr m?/hr °c °c Sc nﬁ/hr
0 182 a9z 195 aq1 172 5603.00
1 175 110 206 351 165 5964 ,00
2 170 110 195 350 162 5900.62
3 16E 110 192 345 163 5095, 14
4 168 110 192 345 163 6095.14
5 168 110 192 245 163 5095.14
5 168 110 151 315 162 5061 .84
7 158 110 189 345 160 5996.30
B 168 110 189 345 161 6061 .84

* Calculated values according to corresponding mentioned equation

Table (1}
Farameter value parameter value
TK1 1.8 Kgs/min CK5 8.5
TKZ 0.825 Kg/min TV1 0.06 min
CK1 0.0 V2 0.06 min
CK2 Jg.3 TT1 1¢.0 min
CK3 -0.23 TT2 10.0 min
CK4 -0.155 TT3 10,0 min
Table (2)
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