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An objective cost function
was derived for optimizing
the duration of an operating
cycle of the transfer line heat
exchanger, or waste-heat
boiler, on ethylene furnaces
for generation of high-pres-
sure steam.

The objective function was
developed to minimize both
the cost of cleaning and the
heat loss associated with the
higher pyrolysis gas exit tem-
peratures required by coke
deposition on the heat trans-
fer area of the transfer line
heat exchanger.

The obiective function is
based an the amount of heat
transfer surface area of the
exchanger and the cost to
clean the exchanger because
these are the main para-
metets affecting the energy
capacity and heat losses In
transfer line heat exchangers
(TLE's).

The TLE, using the heat of
the pyrolysis gas leaving the
pyrolysis tube reactor at
roughly 800° C. for general-
ing high-pressure steam at
12 MPa, reprasents an im-
portant parl of an ethylene
unit. TLE's are conventionally
designed as tubular heat ex-
changers, where the pyroly-
sis gas from the pyrolysis
tube reacior flows inside the
tubes and the water bolls in
the shall side at 12 MPa.

Heat remaining in the py-
rolysls gas, after the TLE, Is
quenched by oil.

The dil is used to generate
low-pressure steam at 0.7
MPa that is mixed with the
hydrocarbon feed entering
the furnace,

The tube bundie of the TLE
Is usually situated vertically,
closely connected to the py-
rolysis reactor (Fig. 1).

Basis of theory
Assume that for clean heat
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transfer areas of the TLE: K
= K(1) and Tp = Ta(i), initiai-
ly. After a period of operation,
7, the following relatigpships
apply: 1K = K(7) < K{i) and
Tal7) = T{l). See nomencla-
ture box for definitions of vari-
ables and symbols. The heat
loss is defined as the heat
that cannot be used to ‘gener-
ate steam, and Is assumed to
be associated with the heat
lost through heat exchanger
blowdown. ;

high-pressure steam in the
exchanger due to the deposi-
tlon of coke, is characterized
by the parameter, Pe(0,1},
where 0 represenis clean
conditions and 1 represents
coked conditions.

The cost per day, G, re-
sulting from the formation of
coke and, hence, from the
lower rate of high-pressure
steam generation in the
transter line heat exchanger
can be written as:

C = [Ié 5 {[Ti = Talexp(—K(0)BmpsCy) = expl—K[1)8/mpaCpl]

% Cypa BBAD0(W, — W3) x 10%)r (@)

The heat transfer in the
TLE is defined by:

Qu = mpaCylTaln) ~ T} (1)

It is assumed that a frac-
tion of the heat, Qy, which Is

not utilized for generating

It the feed of a pyrolysls
{furnace that is out of service
dus to transfer line heat
echanger cleaning is sent to
another furnace, and thus
no logses arise in the overall
rate of the pyrolysis plant
production, the cost per day
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of cleaning is determined
by:

Ca = Coir [©)]

The form of the objective
function Is:

C=0C+Cp (4}
and it holds that the rate of
change of the cost with re-
gpect o the operation is zero,
or:

dCidy = 0, for:C = Cpyp, and
it ] ()

Blowdown rale

The transfer line exchang-

er blowdown rate can be cal-

culated from an enthalpy bal-

ance by the following equa-
tion:

My = [Mpg! gy

e e

where b, is the exit steam
enthalpy and by is the enter-
ing waler enthalpy.

The accuracy of the value
of mg determined by Equa-
tion 6 can be assessed with
the aid of the KOMAT pro-
gram in which the error-
spreading theory is used to
calculate & nonmeasured
quantity’s eror on the basis
of errors recorded in mea-
sured quantiies.?
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The error of the calculation
becomes tolerable If, in any
case, the maximum relative
error of the measured quanti-
ties did not exceed +0.5%
relative,

This, however, is very diffl-
cult to achieve In terms of
industrial practice,

Considerably more accu-
rate results of the determina-
tion of the transfer line heat
exchanger blowdown flow
rate could be arrived at only
by measuring the blowdown
streamn diractly. In the case
that the temperature, T,, of
the water fed Into the transfer
line heat exchanger ap-
proaches T; in the exchang-
ar, the heat losses are then
concentrated in the preheat-
ing of the feed water to the
transfer line heat exchanger.

Coke formation
Coke formation is an unde-
sirable chemical reaction tak-
ing place in the course of the
pyrolysis of all hydrocarbons.
Diue to the high value of the
activation energy of coking
during the pyrolysis of naph-
tha, coke formation is heavi-
st at the inlst of the transfer
line heat exchanger tubes, on
surfaces of highest tempera-
ture.
Line 2 of Fig. 2 shows the
dependence of the overall
heat transfer coeflicient, K,



on the overall operating time Fig. 4
of the transfer line heat ex-
chaingsr. Surface area vs. ouilet gas lemp.
Considering fluctuations in
the pyrolysis gas flow rate,
the calculated value of the 500
heat transfer coefficient was : T
corrected according to: a0l
K' = Kmpg'/Mpa (g 5; ok
where the quantities with the \
apostrophe correspond to b B
Meg' = 40,250 kg/hr, chosan g T2
as the reference flow rate. S0p1-
Line 1 in Fig. 2 shows the
model dependence of Kon 7 400
for mpg = 43,200 kahr (12 - 4
ka/sec). a0 =
It holds for the time depen- ! L 1 -
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AT = Ep + E& + EgTy +
Ta {11)

where the temperatures, T,
and T,, are expressed in de-

B, D, and E are given in
Table 1.

The dependencies of these
parameters on the terms, W/
W, and Cg/W,, wera approxi-
mated by linear relations of

By = byg + bo Wa/W; +

B 21 (12)
By = big + by WalWy +
ByzcaWy, ete. (13}

The wvalue of the para-

also cbtained by multiple lin-
ear regression of data from
Table 1.

The effect of heat transfer
area S is on the combined
costs of exchanger cleaning
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and heat loss, Q.

The sum of the costs of
cleaning the exchanger and
heat losses over the whole
service life, t, of the ex-
changer may be written:

Cy = (M24rop)Crintopmy (14)

where the time required for
cleaning the exchanger is ex-
cluded from the assumed
yearly operating time.

The values of the Para-
meters B and D in Table 2
indicate that a change in S,
T;, and Ty, that brings about
a decrease in Cmn results, at
the same time, in an increase
in Teg and & decrese in delta

Fig. 3 shows the depen-
dence of the transfer line
heat exchanger comparative
cost value as a linear function
of S on conditions that the
relative cost of 1 sq m of the
heat transfer area is Wa/W,
= 100 giga Joules/sq m
(Curve 2), and Wy/W, = 300
giga Joules/sq m {Curve 3).

The efiect of 8 ON Cy/W,
at f = 10 years, t = 7,500
hr, WaWy = 0.3, caW, =
3,000 giga Joules, T; = 830°
C, and Ts = 320" C,, is
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demonstrated by Curve 4.

Curve 5, also illustrating
the dependence of Cy/W, vs,
8, was constructed with all
conditions identical as for
Curve 4, except for co/Wy =
600 giga Joules. It is possible
to estimate from Fig. 3, the
recovery period for the in-
vestment cost of installing

fer line heat exchang
with a larger heat transfer
area on assumption that Wy'
W; = 100 giga Joules/sq m,
i.e., approximately 2 to 5
years.

Fig. 4 shows the effect of S
on the temperature of T, at
the constant number of tubes
having a constant internal di-
ameter, when K = 0.36 kw/sq
m="K, Ty = 847° C. (1,120
°K.), Ta = 301° C. (574° K.),
and mpa = 12 kg/sec,

Recommendations

To reduce the undesirable
losses of energy caused by
excessive blowdown from the
transfer line heat exchanger,
which may be causad by
leaks for Instance, it is neces-
saty to directly measure the
blowndown flow rate.

When revamping a transfer
line heat exchanger, It is ad-
vantageous 1o consider a
larger heat transfer area (by
as much as 50%) than Is
currently used in ethylene
plants lo obtain the tempera-
ture difference between the
pyrolysis gas to the transfer
line heat exchanger outlet
and the point in the exchang-
er where steam Is at roughly
25° C., laking the clean heat
transfer area into account (if
12 MPa high-pressure steam
is genarated).

Te reduce the costs of
cleaning the heat transfer
area in the transfer line heat
exchanger, decoking of the
pyrelysis tube reactor and
transfer line heat exchanger
should be done simulta-
neously. Reducing the cost of
cleaning to one fifth of the
original value enables the
heat loss caused by coking in
transfer line heat exchangers
o be decreased by as much
as 50%.
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Other experts in this field
have reported that with prop-
er design the effect can be
virtuatly eliminated, and they
have supported this claim
with simple examples of met-
al-loss defect signals.’

QOur experience with mag-

show that pipeline in-fine in-
spection-tool speed can
cause significant reduction in
defect-induced magnetic flux
leakage (MFL) signals.

This reduction must be tak-
an into account in any at-
tempt to measure defect pen-
stration to 10% accuracy as
opposed 1o simply detecting
anomalies.

It Is generally kncwn that
the defect-induced signals
obtained from MFL tools
used for in-line nspection of
oil and gas pipeiines are sen-
sitive to the velocilty of the
inspection tool,

It is often thought that this
is due to the use of simple
inductive sensing coils in
which, because the induced
voltage is proportional to the
rate of change of flux, signals
should Increase with increas-

netic lavitation systems®
suggests that, for typical

| pipeline MFL tools, the time

constant for the magnetic flux
to diffuse through the pipe
wail could be comparable
with the transit time. Conse-
quently we expected signifi-
cant changes in the anoma-
lous MFL patterns induced by
defects, particularly for far-
side corrosion pits.

We have thersfore under-
taken precision experimental
measurements of defect-in-
duced magnetic leakage flux
distributions generated with
an MFL anomaly detector
representative of the ad-
vanced inspection tools used
for pipsline monitoring.

Given here are some initial
results from detailed maps of
defect-induced MFL patterns
made at different relative toal
velocities for varlous defect

Fig. 1

MFL, 75% far-side pit, 15 mph
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