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Abstract

Fouling in heat exchangers is main causes of energy losses in oil and gas
refineries. One way to reduce this energy loss in these refineries is to
predict fouling resistance. In this paper, the fouling resistance rate is first
estimated using the Buckingham's dimensionless groups. The resistance
rate is then validated with the experimental data derived from
the literature. The results show the relative error of 26.79% with
the experimental data, which is rather low and acceptable as compared
by those reported in the literature ranged from 40-59%. In general, by
estimating the fouling resistance rate, the fouling threshold curve can be
plotted and the position of the exchangers relative to it can be checked.
The position of the exchangers would allow to reduce the amount of
fouling and to stay in non-fouling area with the proper justifications of
the operating conditions. The curve is also used to estimate the deposition
resistance in the unstable state with the asymptotic model. This model has
also been validated with the experimental data from the Australian light
oil and Tehran refinery data. It is worthy to mention that the prediction of
fouling instability has been less considered in the literature, although
with this estimate it is possible to have a better and more regular cleaning
program for exchangers and to reduce the problems caused by deposition
in exchangers leading to lower operational costs.
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2. https://www.aspentech.com/en/products/pages/aspen-htfs-research-
network, accessed on Agpril, 2022
3. https://mww.htri.net/history, accessed on April, 2022
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Figure 1. Schematic of crude oil preheat train [6].
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Fouling Rate Surface temperature
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Table 1. Fouling rate data and operating conditions of Exxon refinery heat exchanger [4].

Inlet temperature | velocity | Diameter tube

QY (m/s) (mm)
363 2.48 15.2
371 1.25 15.2
351 2.48 15.2
360 1.25 15.2
353 1.25 15.2
344 1.29 15.2
353 2.53 15.2
345 2.53 15.2
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Table 2. Fouling rate data and operating conditions of Shell Wood River refinery heat exchanger [5].

Inlet temperature velocity Diameter tube

Fouling Rate Surface temperature
(m%K/kW h) x 103 °C)
1.1 255
0.8 270
5.6 288
8.1 295

0 (m/s) (mm)
220 0.98 21.1
227 1.16 21.1
223 1.16 21.1
223 0.98 21.1
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Table 3. Fouling rate data and operating conditions of Shell West refinery heat exchanger [5].

Fouling Rate Surface temperature Inlet temperature velocity Diameter tube
(m%K/kW h) x 103 (°C) (°C) (m/s) (mm)
2.6 344 288 1.77 5.5
7.9 393 288 1.77 55
35 349 284 2.13 55
37.5 396 283 2.13 55
54 331 275 3.17 5.5
25.7 419 275 3.17 5.5
- Iranian Chemical Engineering Journal - Vol. 22 - No. 128 (2023)
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Table 4. Effective and purpose quantities in shell and tube
heat exchangers.

Classification of process parameters Quantity Symbol Unit
Density p kgm=3
Viscosity u kgm st
foul conductive heat transfer coefficient ke kgms3 K
conductive heat transfer coefficient of the fluid k. kgms 3K
Fluid properties
overall heat transfer coefficient U kgs3 K1
specific heat capacity Cp m?s 2K
inner diameter of the tube D; m
Area A m?
cold flow inlet temperature Tic K
Heat exchanger operating conditions hot stream inlet temperature Tin K
Velocity u ms!
Target parameters foul formation rate dR/dt Ks?’kg!

(1Y) iy 9 390 0 )lasds — 9 Sgumammnsy JUs — Ol (Foad (w0 3ideo Ay s

s yb9) w2

av-1.94 Lo —le&o.b 9 .>|}$ >

> sadswe 43 IS gy &5

Archive of SID.ir



Archive of SID.ir

AY-1+4 i o — ol ) 5on g o155y

o) > U0 )3 SIS Cgwy F 5 S i S GBI) (w2

\-¥

FR(Fouling rate) o s s sae Ly oy 75 olie dolee oplyo
09_9 aJoleo Bl ng)L')._?uTJH) = oo ]AJL 9 i, ‘SaLmb
adolas oyl 058 g0 s 38 Sl Sae e 6l ol osguse
Gomo al, 1L 5L 1 80game 10 jodgh ;) sae bogame aaxgil
Lo dgos ;o calosal cavsas [Bl sl g sgekis d§] 9T
PEislosl s adolas llae (s Las oo )s (M) B (F)
dslie golpiing Joo g Jlasly (s o pmad Joo b 1) CaliSrs
iy Ty 9Ty U gvaasin (M) U () slo Jgaz o .«.L;SLSA

el s glos g s (53955 sled (5995 e s

p—n

6= X 100 D)

E

Jacie 9 5 L Jors ;0 coreliewddn jlacie 9, (V) ddoles ,o

Wl ) Oyl day g olacl Ll
FR = A X Re® x PrP x g¢ )

Loyl s o adoles ol SLs 0590 sl i plem dnloes 5l
oo oolaiwl (B) Jgaz 31 calize

["’]{:L‘; YRRV FEVAI PREN
Table 5. Properties of crude oil [3].

Properties (T°C) Equation

density(kg/m?) p =917 —0.833T
(mPa. s) viscosity 1 = 0.0985exp(406/T)
specific heat
capacity(J/kg.K)
Thermal conductivity
coeficient(W /m.K)

C, = 1940 + 3T

k. =0.145-0.0001T

e ) b 4y STATISTICA 155l 5 slesliul L 8)

Dy s
FR = 2.096 X 1071* x Re?3% x pr343d x 1405
8<Pr<9 d=1
9<Pr<i1l d=111
11<Pr<135 d=074 *)

FFYAN G geast @l ‘;Am.:.uji Tlis 5l IS gy sladae 9 sulghadion Jas (s dewlis £ Jgua

Table 6. Comparison between the proposed model and fouling models for Exxon oil laboratory results [10,7,4,3].

Fouling rate (m? K kW=t h™1) x 103

Ts(°0) | T(°C)

Laboratory Polly model
results
2.48 414 363 3.2 4
1.25 467 371 20.1 37.3
2.48 397 351 2.8 1.6
1.25 432 360 11.4 23.9
1.25 401 353 7.9 14.8
1.29 374 344 5.6 8.4
2.53 404 353 4 2.2
2.53 376 345 1.2 0
Percentage of average 9191
relative error

Panchal model Nasr model proposed

model

3.1 1.293 3.44
11.6 2.242 21.71
2.2 1.26 2.92
8.5 1.938 10.59
6.4 1.731 4,76
4.7 1.523 243
2.2 1.271 3.43
1.2 1.231 1.67
21.54 62.87 7.35

Iranian Chemical Engineering Journal - Vol. 22 - No. 128 (2023)
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Table 7. Comparison between the proposed model and fouling models for Shell Wood oil laboratory results [10,7,5,3]..

Fouling rate (m? K kw1 h™1) x 103
T;(°C) | Tp(°C)

P
9
ay
Laboratory Polly model | Panchal model Nasr model proposed i
results model )
0.98 255 220 1.1 1.2 1 0.934 1.1 |
1.16 270 227 0.8 1.2 0.8 0.945 1.49 3)
1.16 288 223 5.6 3.8 1.2 0.966 4.62 q,
0.98 295 223 8.1 7.1 1.8 1.005 7.19 "f
P f >
ercentage of average 25.89 4136 50.88 28.84 -
relative error

oV Josu glid oalSutiale 3T qalis 513 a8 geuy SLadss 9 (Sulgding Juo (s desls A J 9o

Table 8. Comparison between the proposed model and fouling models for Shell West oil laboratory results [10,7,5,3].

Fouling rate
(m?Kkw-th™1)x 103
Laboratory proposed
Polly model Panchal model Nasr model
results model
1.77 344 288 2.6 8.8 4 3.222 1.27
1.77 393 288 7.9 21.1 6.6 4.027 8.25
2.13 349 284 3.5 7.6 3.1 2.317 1.68
2.13 396 283 37.5 18.4 5.4 2.801 10.37
3.17 331 275 5.4 1.5 0 1.297 0.96
3.17 419 275 25.7 17.1 3.4 1.658 26.47
P t f
efCRImage O average 11322 59.02 61.47 44.2
relative error
Byl 8 sle Jaw a6 o)) golgiinn Jaw a5 wims oo Las (V) UK jo b logad
30 30
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dR/dt ((m? K kW= h™') x 10%) expriment

(@)

dR/dt ((m? K kw=1 ™) x 10%) expriment

(b)

FR § Jlaabs (b s slaJas b ‘;b@l:luji slaoals dwlis Y Y

Figure 2. Comparison of laboratory data with Nasr, Polly, Panchal and FR models.
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Figure 2. Comparison of laboratory data with Nasr, Polly, Panchal and FR models.
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Figure 3. Comparison of relative error percentage of FR model, Nasr model, Panchal and Polly with experimental data.

Iranian Chemical Engineering Journal - Vol. 22 - No. 128 (2023)

Archive of SID.ir



Archive of SID.ir

AA]Jase 9 59,9 S sladadidia N+ Jgua @ gy Caoglio Y-Y :‘ i
Table 10. Inlet fluid and heat exchanger parameters. and l_:l; el S ‘) Sy ‘@L;A IS onj‘)l Y oles 19 %‘
Australi Teh . e TR D 4
Parameter vstratian enran azgi 9,50 plej ;05 L gy Seglie Lagl jo a5 oS e A é
light oil Refinery 3)
Sy Dlymass a5 (a0 &5 Sl p3¥ (g 138,515 4 D
temperature .
St glagilasl @l (o) 05 @l )1 5ed g0l 3) -
temperature ' i B g <
(tube) 353 — 393 490 (K) US5 eyl oyt gy Ceoslie oimie 45 ools oyl }9 3
L 8l adlas ol o edate ol (sl a5 ls snigdicile "}
velocity 025-045 077463  (m/s) B adoles ! 50 a5 g o ooliul [A] g 5 08 (V) Uslae :’
d._fksaLz.:")‘w‘o”uw)ééuubkswﬂjué)“sub 3\
Diameter(tube) 14.3 25 (mm) S gy e o it g b0le ke 5 Lo LT3l L \\2\'
Asphaltene Wl oo RS gy (lime o GBI L g a0 il 8 ;\)
weight 0.05 0.02 wt% . o U odis alal. cdale s Lo LB ol uls
percentage oS ) €y 2 g e A2 9 B onlple '%
s 4 5N s a5 col ceslie T LB 5,00 510l 3
oo Sl 35 o bl glallas ouzasl)] Joo i liel sl 2l (S Sl 3
05"‘)(5“ dj‘)‘ 3
X
BIAS =YY, > (Y;— X)) @) - :
=1y \ti i Rf — Rfoo x (1 _ e—axT w.t/u ) ) .:D

_— )

X i o285 slmonls jloslaiul b (A) Aoles jo culgs canloas

Cwlodls UW L«.H)-.wl r:l.’> s 9 Q‘)‘ef oliw.uyla r:l.’>

N Ly =
CC — Ei:l(Xl X)(yl Y)

[P X2y

v TA] dalas il gs 4 Jgaa

Table 9. Equation constants [8].
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Table 11. BSIA, SI and CC model results for Tehran refinery and Australian crude oil.

Fluid type and operating conditions cc SI BIAS
Tehran refinery crude oil 0.94 0.23 0.0003
Australian crude oil) T=393K,u=0.35m/s( 0.98 0.13 —0.003
Australian crude oil) T=373K,u=0.35m/s( 0.96 0.18 0.003
Australian crude oil) T=353K,u=0.35m/s( 0.97 0.31 —0.0014
Australian crude oil) u=0.25m/s, T=353K( 0.98 0.24 —0.005
Australian crude oil) u=0.3m/s, T=353K( 0.97 0.04 —0.012
Australian crude oil) u=0.4m/s, T=353K( 0.91 0.5 —0.003
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Figure 4. Comparison of fouling resistance in converter of Tehran refinery with the presented model.
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Figure 5. Comparison of Australian crude oil resistance at different temperatures with the proposed model
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Figure 6. Comparison of Australian crude oil resistance at different velocity with the proposed model.
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