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ABSTRACT 
Fouling in heat exchangers is one of the major 

problems in chemical process industries, especially in 
refineries and considered as the main source for energy loss, 
reaching up to 2% of the refinery’s total energy 
consumption. In the recent years, due to the challenging 
refinery margins, there is a profound interest in minimizing 
the energy consumptions in all oil refinery applications. As 
fouling formation occurs, the heat transfer capacity of the 
exchangers decrease; thus higher heat load is required in the 
furnace which leads more fuel gas/ fuel oil consumption in 
the furnace. Also, the amount of greenhouse gas emissions  
increase. This paper aims proper fouling management, 
which is based on heat exchanger simulation, data 
monitoring and fouling prediction. For this purpose, a 
method for monitoring the exchanger fouling factor, Rf, is 
developed by simulating the crude oil unit preheat train. By 
considering the effects of physical and chemical properties 
such as temperature, pressure, composition, etc. of both tube 
and shell flows of each exchanger, the clean heat transfer 
conditions are being simulated. The fouling factor (or 
fouling resistance), Rf, is monitored using this clean heat 
transfer coefficient and the actual heat transfer coefficient 
obtained from real time data. The simulation results (clean 
case), were found to be consistent with real time data taken 
after the cleaning period from refinery crude oil distillation 
unit. 
 
INTRODUCTION 

In a refinery, crude oil is first introduced to the 
atmospheric crude oil distillation unit; where it is being 
separated into its fractions such as LPG, naphtha, kerosene, 
diesel and atmospheric residue due to their different boiling 
points. Crude distillation is an energy intensive process 
reaching up to 14% of the total refinery energy 
consumption. In the current process, the crude oil is being 
heated via products (light, heavy distillates and atmospheric 
residue) and pump-around streams in first and second pre-
heat exchanger trains prior to the crude oil distillation 
furnace. In order to reduce the energy consumption in the 
furnace, the efficiency of the heat exchangers in the preheat 
trains is very crucial. However, as the process goes on, due 
to the chemical and physical nature of the streams, fouling 
formation occurs on heat exchange surfaces and affects the 

heat exchangers’ thermal and hydraulic performance 
negatively. Fouling is mainly defined as the formation of 
deposits on heat exchange surfaces due to sedimentation, 
crystallization, biological growth, chemical reactions, 
corrosion products, freezing or their combination [1,2]. The 
deposit formation due to chemical reactions may be 
complex in nature, and will include several mechanisms 
such as autoxidation, polymerization, cracking or coke 
formation.  If there is ambient oxygen, it will catalyze the 
gum formation which is usually seen in hydro-processing 
units. Gum-like material will also be observed in jet fuel, 
gas oil and similar products upon heating due to the 
precipitation of paraffinic hydrocarbon mixtures [3]. Thus, 
temperature, pressure and flow rate are important operating 
parameters which affect the fouling formation. Usually, the 
temperature increase will lead to an exponential increase in 
the chemical reaction rates; pressure increases the solubility 
of the oxygen thus will increase the gum formation rate. 
Flow rates, however, will have a reverse effect such that 
higher velocities make it difficult for deposits to attach to 
the surface.  
 

Fouling in the crude oil preheat trains is considered as 
~20% of all heat exchanger fouling [4]. Therefore, there is a 
profound interest in cutting down the energy losses due to 
fouling by proper monitoring and prevention methods. The 
fouling of a heat exchanger can be monitored via the overall 
fouling resistance, Rf . Rf, is defined as the difference 
between dirty and clean overall heat transfer resistances and 
shown as; 
  

Rf = 1/Ud  - 1/Uc             (1)  
 

It might be easier just to follow the dirty heat transfer 
resistances through real time data of the refinery, however 
in order to monitor fouling, one will need the clean heat 
transfer resistances for the same flow and operation 
conditions of that heat exchanger. Thus, simulating the 
exchanger is inevitable. 

 
Monitoring is of vital importance in both observing the 
actual fouling resistances and modeling fouling rates. Polley 
et al. [5] monitored the crude oil fouling to extract fouling 
model parameters. They proposed a short-cut approach by 

Proceedings of International Conference on Heat Exchanger Fouling and Cleaning - 2013 (Peer-reviewed) 
June 09 - 14, 2013, Budapest, Hungary 
Editors: M.R. Malayeri, H. Müller-Steinhagen and A.P. Watkinson

 

              Published online 
www.heatexchanger-fouling.com

18



ass
and
res
onl
on 
dir
com
act
pre
 
ME

in 
ove
dev
tran
tem
and
the
(do
cho
inle
exc
Fig
 

 

F
 

pro
is g
inle
usi
dif
Fro
tem
are
Da
Be

suming linear 
d showed tha
sults than ESD
line heat exch
rigorous simu
ty and clean o
mparison betw
tual performan
eheat train.  

ETHODOLO
This paper 

order to moni
erall fouling r
veloped in or
nsfer resistanc

mperature, pre
d heat exchan
e crude oil pl
ownstream of 
osen as pilot; 
et and outlet 
changers. The
gure 1 and 2. 

Figure 1: Fi

Figure 2: Seco

The real ti
ocessed in the
given in Figu
et and outlet 
ing the inlet te
fferences, it 
om inlet and
mperature is f
e evaluated at 
ata book relev
ll-Delaware a

variations of 
at Ebert and 
DU model. Li
hanger perform
ulation of the
overall heat tr
ween these tw
nce of the hea

OGY 
gives an insig

itor fouling in
resistance, Rf

rder to calcu
ces by using r
essure, flow, d
nger design sp
ant first (upst

f desalter) pre
and temperat
streams of bo

e schematic v

irst Preheat Tr

ond Preheat Tr

ime data obta
e developed so
ure 3. First of

temperature 
emperatures a
computes ou

d iterative ou
found and all 

this temperat
vant correlatio
approach is fo

f the temperatu
Panchal equa
iporace et al. 
mance evaluat
 equipment to
ransfer coeffic

wo values was 
at exchanger a

ght on the me
n a refinery cr
f. In this respe
ulate the clean
real time refin
distillation dat

pecifications’. 
tream of desa
heat heat exc

ture indicators
oth  shell and 
view of the pr

rain (upstream

rain (downstre

ained from th
oftware. The g
f all, both tub
differences a

and these assu
utlet tempera

utlet temperat
physical prop
ture with the 
ons [7]. After
ollowed for cl

ure (wall or fi
ation gives be

[6] described
tion system ba
o predict both
cient. A real-t
a measure of

and/or that of

ethodology dri
rude oil plant
ect, a softwar
n and dirty h
nery data, such
ta of each stre
For this purp

alter) and sec
changer trains
s are placed in
tube sides of

rocess is given

m of desalter)

eam of desalte

hese indicator
general algori
be and shell 
are assumed.

umed tempera
ature, iterativ
ure, the aver

perties of stre
usage of the A

rwards, Kern 
lean heat tran

film) 
etter 
d an 
ased 
h the 
time 
f the 
f the 

iven 
t via 
re is 
heat 
h as 
eam 

pose, 
cond 
s are 
n all 
f the 
n in 

 

 
er) 

rs is 
ithm 
side 
By 

ature 
vely. 
rage 
ams 
API 
and 

nsfer 

coe
ass
out
inte
tem
ma
ope
coe
and
res
dat

 

efficient’s cal
umed outlet 
tlet temperat
erval. These o

mperatures of
aximum perfor
erational outl
efficient can b
d clean heat tr
istance, Rf. B
ta, Rf, can be m

F

Yes 

Inpu
flo

Ca

௧ܶି௢
௜ାଵ

 

Cal

Calc

Ca
p

So
cal

abs൫

culations. The
temperatures

tures in the
outlet tempera
f the heat e
rmance of the
let temperatu
be calculated. 
ransfer resista
By following 
monitored.  

Figure 3: Gene

ut the configurat
ow conditions fo

Assume initi

Calculate op

alculate Ud at op

ൌ ௦ܶି௜௡ െ Δ ଵܶ
௜

Calculate 	 ௙ܴ 	

lculate average 
Tav-s, for shell a

culate the value
at Tav-t and 

alculate ܦܶܯܮ 
properties of flu

properties of

lve the energy b
lculate the new 

abs൫ ௦ܶି௢
௜

௧ܶି௢
௜ െ ௧ܶି௢

௜ାଵ൯ ൐

௧ܶି௢
௜ ൌ ௧ܶି௢

௜ାଵ,

No 

he iterations c
s are close t
e predetermi
atures are, then
exchanger an
e heat exchang
ures the dirt
 The differen

ances gives th
this procedu

eral Algorithm

ation of HE and 
for tube and she

tial ΔT1 and  ΔT

perational LMT

operational cond

 

ଵ
௜, 			 ௦ܶି௢௜ାଵ ൌ ௧ܶି௜

	ൌ 1/ܷௗ 	െ 1/

 

temperatures, T
and tube side fl

es of physical pr
Tav-s (cp, ρ, µ, k

and Uc using ph
uids and geome
f heat exchange

balance equatio
w values of Ts-o a

െ ௦ܶି௢
௜ାଵ൯ ൐ 0.1

൐ 0.1		or 

,				 ௦ܶି௢௜ ൌ ௦ܶି௢
௜ାଵ

 

continue until 
o the calcula
ined confide
n the clean ou

nd represent
ger. By using 
ty heat tran

nce between d
he overall foul
ure for real t

m 

required 
ll sides 

T2  

TD 

ditions.

௜௡ ൅ Δ ଶܶ
௜ 

/	 ௖ܷ

Tav-t and 
luids

roperties 
k)  

hysical 
trical 

er. 

ons and 
and Tt-o  

1 

ଵ					

the 
ated 
ence 
utlet 

the 
the 

nsfer 
dirty 
ling 
time 

Akınç et al. / Fouling monitoring in crude oil preheat trains

www.heatexchanger-fouling.com 19



RE

fou
exc
we
obt
hea
ave
is a
the
tem

 

     
 
 
 

ESULTS & D
The devel

uling in crude
changers. As 
ere placed on
tain real time
at exchanger
erage cleaning
around 3-4 ye
e cleaning, 
mperatures to 

                      

DISCUSSION
oped softwar
e distillation 

discussed b
n the inlet an
e process data
rs were also
g period for a
ears. Thus, du
it is expec
be close to 

                Figu

N 
re was used 
unit first and

before, tempe
nd outlet stre
a. During the
 cleaned me

a crude oil un
uring a couple
cted to obse

the clean ou

 

Figure 4: O

ure 5: Compa

to monitor 
d second preh
erature indica
eams in order
e installation, 
echanically.
it heat exchan
e of months a
erve operatio

utlet temperatu

Operational an

arison with com

the 
heat 

ators 
r to 
the 

The 
nger 
after 
onal 
ures 

com
sho
for
wer
sec
tub
sof
com
Fig
  
  

nd Simulated T
 

mmercial soft

 
 

mputed via th
ows operation

the first preh
re also perfo

cond preheat e
be outlet tem
ftware and the
mpared with t
gure 5 (E 12 h

Tube Outlet T

tware (E12 ex

e software; th
nal and simul
eat exchanger

ormed with c
exchangers (a

mperatures cal
e software de
the real proce
eat exchanger

emperatures 

changer) 

hus Rf is aroun
lated tube ou
rs. Heat excha
commercial so
at furnace inle
alculated via 
eveloped in th
ess data and th
r). 

nd zero. Figur
utlet temperatu
anger simulati
oftware. For 
et), the simula

the commer
his project, w
hey are shown

 

 

re 4 
ures 
ions 
the 

ated 
rcial 
were 
n in 

Heat Exchanger Fouling and Cleaning – 2013

www.heatexchanger-fouling.com 20



CONCLUSION 
The operational tube outlet temperatures of the clean 

heat exchangers were found to be consistent with the 
calculated outlet temperatures by using the software. Also, 
it is observed that the results of the software developed were 
closer to the operational data in comparison to the 
commercial software. 
 
NOMENCLATURE 
cp: Specific heat capacity 
HE : Heat exchangers 
k: Thermal conductivity  
LMTD: Log mean temperature difference 
µ: viscosity 
ρ: Density 
Rf: Fouling resistance 
Tav-t: Average temperature (tube side) 
Tav-s: Average temperature (shell side) 
Tt-in: Tube side inlet temperature  
Tt-o: Tube side outlet temperature 
 
Ts-in: Shell side inlet temperature 
Ts-o: Shell side outlet temperature 
Uc: Clean overall heat transfer coefficient 
Ud: Dirty overall heat transfer coefficient 
 
ΔT1 : Hot end temperature difference 
ΔT2 : Cold end temperature difference 
 

superscript 
i: current iteration 
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