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Abstract
Industrial heat exchanger fouling is generally defined as the accumulation and formation of undesired materials on the exchange
surface. Experimental measurements of degree of fouling are both difficult and time consuming and often do not provide accurate
results. However, the modeling of the thermal resistance of fouling can inform us on the evolution of this phenomenon. The
present work aimed at studying fouling three types of heat exchangers, namely stainless-steel tubular and two graphite blocks
from different suppliers(A and B), in an industrial phosphoric acid concentration unit belonging to the phosphoric acid produc-
tion plant of the Tunisian Chemical Group (GCT) using the measurements of the operating parameters over a period of two years.
The overall heat transfer coefficients and fouling resistances were evaluated at different times using the experimental data. Our
results show that the resistance of fouling reach a maximal value ranging between 1.38*10−4 and 2.55*10−4 m2. K.W−1 according
to the type of the heat exchanger. Therefore, the experimental data of fouling resistances were compared with Kern and Seaton
predictive model. Quantitative and qualitative agreement between measured and predicted fouling resistances is good with the
coefficient of determination (R2) varying between 0.97 and 0.98.

Nomenclature
Cp Specific heat capacity, J.Kg−1.K−1

F Correction Factor
Lv Latent heat of vaporisation, J.Kg−1

ṁ Mass flow rate, kg.s−1

n Observation number
P Pressure, bar
Q Thermal power,W
Rf Fouling resistance, m2.K.W−1

A Area, m2

T Temperature, K
t Time, h
U Overall heat transfer coefficient, W.m−2.K−1

v̇ Volume flow rate, m3.s−1

Greek letters
Δ Difference of greatness between two points
σ Standard deviation
Τ Time required to reach 63.2% of Rf*, h

Subscripts
ac Acid
cal Calculated
cir Circulation
dil Diluted
ex Exchange
exp Experimental
in Input
ml Logarithmic average
out Output
st Steam
* Asymptotic value

1 Introduction

The heat exchanger occupies an important and an indispens-
able place in all thermal systems, whether for industrial use
(chemicals, petrochemicals, steel, food processing and energy
production), for the automotive, aerospace, residential wether
or tertiary building ... etc. [1]. In general, more than 90% of the
thermal energy used in industrial processes passes at least
once through a heat exchanger [1]. Industrial Heat exchanger
main operating problems are due to fouling, corrosion, vibra-
tion and mechanical strength phenomena. Corrosion and foul-
ing remain the most misunderstood phenomena in the indus-
trial field. They impact sizing and aging of the equipment, and
induce overheads (energy, shutdowns).
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Fouling is defined as accumulation of unwanted or unde-
sirable deposits on heat transfer surface. In general, it refers to
the collection and growth of detrimental materials on heat
transfer surface, which significantly declines its thermal per-
formance. Fouling process incorporates various heat, mass
and energy transfer phenomenon involved with heat exchang-
er operations [2]. Several categories of deposits have been
listed. The type of deposit is different from one industry to
another. Many authors [3, 4] have proposed a classification of
deposits in 6 types based on the main physical and chemical
mechanisms at the origin of their formation. According to this
classification, the types of fouling may be particulate fouling,
crystallization (precipitation fouling), chemical reaction foul-
ing, corrosion fouling, biological fouling, or solidification
(freezing fouling).

In order to make the decision to clean or repair the heat
exchanger, it is necessary to monitor the level of fouling on the
exchange surface. Modeling the fouling resistance according
to the operating parameters of the exchanger, helps the indus-
trialist to follow the fouling and to proceed with the cleaning
of the exchanger. Several authors [5, 6] have studied this phe-
nomenon of fouling based on the modeling of the thermal
resistance of fouling. Mariusz et al. [7] used the heat exchang-
er model with improved correlation of the heat transfer coef-
ficient in order to estimate the thermal fouling resistance.
Mohammad Awais et al. [8] presented a review study which
would be exceedingly useful for designers to design heat ex-
changer with higher overall efficiency under the influence of
fouling. Fguiri et al. [9] carried out an experimental study on
three types of exchangers and showed that the global ex-
change coefficient reached its minimum value when the ex-
changer was in maximum fouling. The prediction and model-
ing of the fouling resistance of a plate heat exchanger using
the neuron network method [10, 11] was carried out byWeber
et al. [12] based on experimental data. The results obtained
where in good agreement with the model of Kern and Seaton
[13]. Behbahani et al. [14] have shown from experiments car-
ried out in a phosphoric acid production unit that the fouling
resistance of the exchanger depends on flow velocities, sur-
face temperatures and concentrations, this study helps indus-
trial to determine the mechanisms which control the deposi-
tion process.

In this work, we present an analysis of the resistance of
fouling heat exchanger (phosphoric acid / vapor) in an indus-
trial phosphoric acid concentration unit belonging to the phos-
phoric acid production plant of the Tunisian Chemical Group
(GCT). Three types of exchanger are used to see their effect on
fouling. The input-output temperature measurements of the
phosphoric acid and steam are measured to calculate the ther-
mal fouling resistance. Experimental fouling kinetics are com-
pared with the Kern and Seaton model in order to identify the
maximum fouling resistance and assist the industrialist in the
cleaning decision.

1.1 Description of the industrial unit

Generally, in the phosphoric acid production industry, the con-
centration of phosphoric acid from 28% P2O5 to 54% P2O5 is
carried out in a closed loop forced-circulation evaporator, op-
erating in vacuum Tanks to a barometric condenser. The con-
centration system used is constituted by a tubular heat ex-
changer made of stainless steel [15] or graphite blocks (A)
[16], a circulating pump (B), a boiler or expansion chamber
(C), a barometric condenser (D) and a basket filter (E) [13]
(Fig. 1). The graphite blocks heat exchangers used in this
work were provided by two different manufacturers (labeled
provider (A) and (B)).

The addition of the dilute phosphoric acid (1) takes place at
the basket filter where it mixes with the circulating phosphoric
acid (2) in order to protect the pump from abrasion and limit
the fouling of the exchanger. This makes it possible to mini-
mize the frequency of stopping for washing. The circulation
pump aspirates the blend formed and sends it to the inlet of the
heat exchanger at a temperature of about 70 °C to raise it to
about 80 °C. The steam inlet (3) undergoes a condensation at
the heat exchanger at a temperature of 120 °C. The condensate
outlet (4) is sent to a storage tank before being sent back to the
utility station. The superheated mixture of phosphoric acid (5)
leaving the exchanger then passes into the boiler where a
quantity of water evaporates (6) and the concentrated acid
(7) is produced by overflowing in a piping system inside the
boiler and the rest is recycled. The condenser also ensures
incurring uncondensables coming out of the boiler (8) by the
effect of a hydro-ejector valuing the relaxation of pressurized
water flow (9). At the foot of the barometric guard, the sea
water is recovered in a barometric seal before being released
into the sea.

The washing operation of concentration loop is carried out
using sea water to guarantee that the heat exchanger is totally
free of fouling at the beginning of a new run. This operation
consists of emptying the concentration loop of the phosphoric
acid, filling it with sea water, circulating the sea water in the
loop for a while, emptying the sea water and filling it again
with phosphoric acid.

The main characteristics of the exchangers used for the
concentration of phosphoric acid are given in Table 1:

1.1.1 Thermal modeling

For the three studied exchangers, the flow of the two fluids
(phosphoric acid and steam) is at counter current. Values of
the thermo-physical properties of the fluids were considered
constant and the thermal losses were neglected. A procedure
was set up in the concentration loop in order to control the
thermal and hydraulic performances of the exchanger through
the measurement of temperature, steam pressure, suction and
discharge pressure of the pump and flow rate of dilute
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phosphoric acid. The flow rate of circulating phosphoric acid
was calculated from the characteristic curve of the pump [17].

Measurements of three temperatures over time are made
using three thermocouples type Pt100 class A, the uncer-
tainties on the temperature is ±0.3 °C. The density of the
phosphoric acid was measured with a Densimeter DMA35
with the uncertainty of ±0.05%. The pressure was measured
using a Diaphragm pressure gauge with the uncertainty of
±1.6%. Finally, the volume flow rate of phosphoric acid was
measured using a flow meter and this with the uncertainty of
2%.

The data is acquired by a computer system present in the
control room. The data was collected for the 3 studied ex-
changers over a 2-year operation period.

The fouling resistance (Rf) is calculated using the follow-
ing expression [18]:

Rf tð Þ ¼ 1

U tð Þ −
1

U t ¼ 0ð Þ : ð1Þ

where U(t) is the overall heat transfer coefficient characterizing the heat
exchanger and U(t = 0) is the clean heat transfer coefficient.
Before starting the calculation of the global exchange coefficient, we will

determine the volume flow rate of phosphoric acid using the characteristic
curve of the circulation pump presented by the equation [17]:

v̇ac ¼ f HMTð Þ ð2Þ

WhereHMT is the manometric head of the pump expressed
as follows:

Table 1 The three studied
exchangers Type of exchanger Main characteristics

Stainless-steel tubular heat exchanger

(Figure 2)

Number of tubes 395

Tube diameter (mm) 23

Exchange surface (m2) 189.5

Type of steel dye 316

Graphite blocks heat exchanger (provider A)

(Figure 3)

Number of blocks 11

Diameter of acid-side duct (mm) 16

Diameter of steam-side duct(mm) 15

Exchange surface (m2) 249.5

Number of acid-side ducts 868

Number of steam-side ducts 483

Type of graphite Graphilor®3

Graphite blocks heat exchanger (provider B)

(Figure 3)

Number of blocks 11

Diameter of acid-side duct(mm) 16

Diameter of steam-side duct(mm) 15

Exchange surface (m2) 249.5

Number of acid-side ducts 868

Number of steam-side ducts 437

Type of graphite DIABON

Fig. 1 Phosphoric-acid
concentration unit
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HMT ¼ Ps−Pd

ρac:g
ð3Þ

Where Ps and Pd are the suction and discharge pressure of
the pump, respectively, ρac is the density of phosphoric acid,
and g is the gravity acceleration (g = 9.81 m s−2).

The overall heat transfer coefficient U (t) is evaluated from
industrial measurements of operating data and using the equa-
tions of energy balance (4), (5) and (6). The initial value of the
overall heat transfer coefficient U(t = 0) at the beginning of
every cycle is considered as the value of the clean heat transfer
coefficient.

Q ¼ ṁst:Lv ð4Þ
Q ¼ ρac:v̇ac:Cpac:ΔTac ¼ ṁac;cir:Cpac: Tout;ac−Tin;ac

� � ð5Þ
Q ¼ F:U tð Þ:A:ΔTm ð6Þ

ΔTm ¼ Tst−Tin;ac
� �

− Tst−Tout;ac
� �

ln
Tst−Tin;ac
� �
Tst−Tout;ac
� �

 ! ð7Þ

Where Q is the thermal power (W), A is the exchange area

(m2),ṁac;cir and ṁst are respectively the mass flow rate of
circulating phosphoric acid which is the cold fluid (kg.s−1)
and the mass flow rate of steam which is the hot fluid
(kg.s−1), ΔTm is the logarithmic average temperature differ-
ence (K), Cpac is the specific heat of phosphoric acid equal to
2135 J.kg−1.K−1, and F is the corrective coefficient of the
average logarithmic temperature difference.

1.2 Thermal modeling of fouling resistance

From a literature review [13, 19–21], we note that the model
of Kern and Seaton is the model most used to describe the
evolution of the thermal resistance of fouling during the oper-
ation of the process. The modeling stemming from this model
is based on the hypothesis that two processes act in a simul-
taneous way. The first process is the one of the particles de-
posit characterized by a deposit flow ϕd which is constant if
the concentration is it also. The second process is the one of
the retraining of particles characterized by a retraining flow ϕr
dependent on the mass of particles (mp) deposited. The partic-
ulate balance of the deposit is expressed according to the fol-
lowing equation:

dmp

dt
¼ Φd−Φr ð8Þ

The deposition process is designed as the serialization of
particle transport and adhesion mechanisms. Several assump-
tion are made such as: the consideration of a single type of
fouling; deposit homogeneity, not taking into account the de-
posit initiation phase and the surface state; and the properties
and thermo-physical characteristics of the fluid and the depos-
it are constant.

The particle wall transport phase controls the deposition
process while the shear stress controls the retraining phase
of the particles. Thus, considering the proportionality of ϕd
as a function of the deposited mass of particles, we can write
the following equations:

Phosphoric acid 
at T1

Phosphoric acid 
at T2

Steam low 
pressure

Condensate

Fig. 2. Photograph of the stainless-steel-tubular heat exchanger [15]

Steam low
pressure

Condensate

Phosphoric
acid at T2

Phosphoric acid 
at T1

Fig. 3. Photograph of the graphite blocks heat exchanger [16]

Table 2 Uncertainties of direct and indirect measured values

Items Parameters Uncertainties

Direct measured values Temperature ± 0.3 °C

Density ± 0.05%

Pressure ± 1.6%

volume flow rate ± 2%

Indirect measured values Q 3.6%

U 4.6%

Rf 6.5%
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ϕd ¼ Kp* Cb−Cwð Þ ð9Þ

ϕr ¼ C1*τw*mp ð10Þ

Where Kp is the transport coefficient; Cb is the concentra-
tion of particles within the fluid; Cw is the particle concentra-
tion at the wall; C1 is a dimensional constant; τw is the shear
stress exerted by the fluid on the deposit.

Circulation 
pump

Sunction pressure 
Discharge pressure 

̇ ,

Tst
Pst

Tout, ac Tin, ac

Steam

Heat exchanger

Condensate

Basket filter

Fig. 4 Acquisition of data

a

Fig. 5 (a): Variation of the overall exchange coefficient and the fouling
resistance as a function of time for Stainless-steel tubular heat exchanger.
b: Variation of the overall exchange coefficient and the fouling resistance

as a function of time for Graphite blocks heat exchanger (provider A). c:
Variation of the overall exchange coefficient and the fouling resistance as
a function of time for Graphite blocks heat exchanger (provider B).
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Using eqs. (9) and (10), eq. (8) becomes:

dmp

dt
¼ Kp* Cb−Cwð Þ−C1*τw*mp ð11Þ

The solution of eq. (11) is thus:

mp ¼ Kp* Cb−Cwð Þ
C1*τw

* 1−exp −C1*τw*tð Þ½ � ð12Þ

Assuming that τ ¼ 1
C1*τw

and mp
* ¼ kp* Cb−Cwð Þ

C1*τw
.

We can thus express the equation as follows:

mp ¼ mp
** 1−exp −

t
τ

� �h i
ð13Þ

Considering that the initial fouling flow is equal to the
deposition flow and that the thermo physical properties of
the deposit (conductivity and density) are constant, it is thus
possible to express eq. (13) in the form of a thermal fouling
resistance:

Rf tð Þ ¼ Rf ** 1−e−t=τ
� �

: ð14Þ

We quantify the model accuracy from the following indi-
cators: the standard deviation σ of the relative error ε, the
mean relative error as well as the determination coefficient
R2 (the square of the Pearson correlation coefficient) accord-
ing to the following definitions [22]:

b

Fig. 5 (continued)
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ε ¼ 100

N
∑
N

i¼1

Rf expi −Rf cali

� �
Rf expi

ð15Þ

σ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
N

i¼1
Rf expi −ΔRf
� �2

N−1

vuuut ð16Þ

R2 ¼
∑
N

i¼1
Rf expi −ΔRf
� �2

− ∑
N

i¼1
Rf expi −ΔRf cali

� �2
∑
N

i¼1
Rf expi −ΔRf
� �2 ð17Þ

Where Rf represent the fouling resistance. Rfexp and Rfcal

respectively represent experimental and predicted fouling re-
sistance.ΔRf is the average value of the experimental fouling
resistance.

1.3 Uncertainty analysis

The uncertainty analysis on the measured data is carried out
using the second power transfer method [23]. We assume that
the relation between the variable (b) and independent vari-
ables a1, a2, …an can be expressed as b = f(a1, a2, …an), and
the uncertainties of each variable ai is δai. The uncertainty of
variable b is:

δb ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑n

i¼1

∂b
∂ai

δai

� �2
s

ð18Þ

The relative uncertainty of heat exchange (Q) is:

δQ
Q

¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δρac
ρac

� �2

þ δv̇ac
v̇ac

 !2

þ δΔTac

ΔTac

� �2

vuut ð19Þ

c

Fig. 5 (continued)
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Thus the relative uncertainly of heat transfer coefficient is:

δU
U

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δQ
Q

� �2

þ δΔTm

ΔTm

� �2
s

ð20Þ

Similarly, the relative uncertainty of the fouling resistance
is:

δR f

R f
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δU
U

� �2

þ δU0

U0

� �2
s

ð21Þ

Table 2 shows the uncertainties of the direct and indirect
measured results. It can be seen the relative uncertainties of
heat exchange, Q, overall heat exchange coefficient U and
fouling resistance Rf are within 3.6%, 4.6% and 6.5%
respectively.

2 Results and discussion

From the operating data collected on site and eqs. (4), (5) and
(6), we evaluated the variation of the fouling resistance as a
function of time for each type of exchanger. Fig. 5(a, b and c)
shows the temporal evolution of the overall heat transfer co-
efficient U (t) and the fouling resistance Rf (t) for the three
heat exchanger types. In order to avoid any confusion on
experimental data, we presented for each exchanger a single
cycle which contains the error bar.

We notice that the fouling resistance has an asymptotic
pace which is in agreement with the most widely used model
in the study of fouling, i.e. Kern and Seaton model, despite the
presence of deviation for some experimental points, which
may be imputed to the difference of operating data withdrawal
time. It reaches a maximum value, ranging from 1.38 * 10−4 to
2.55 * 10−4 m2.K.W−1 depending on the type of exchanger
studied. This can be attributed to the growth phase of the
crystal lattice which causes a degradation in the efficiency of
the exchanger. During the remainder of the cycle, the fouling
resistance remains constant: this is the removal phase during
which the thickness of the fouling layer remains invariable as
well as the formation and removal rates become equal.
Furthermore, fouling resistance increases over time, which
leads to a decrease in the flow of heat exchanged between
the phosphoric acid and the steam, and subsequently the

decrease in the overall heat transfer coefficient. We also notice
that for each operating cycle, the fouling resistance Rf (t)
converges to a maximum value that can be reduced to zero
between operational runs following the cleaning operation.
For example, the maximum values of the fouling resistance
for 7 operating cycles of the stainless-steel tubular heat ex-
changer varied from 1.38 * 10−4 to 1.61 * 10−4 m2.K.W−1. It
should be noted that the appearance of the fouling initiation
phase for the three studied types of exchangers is difficult to
detect. This is probably related to the rapid evolution of this
phenomenon associated in particular with the characteristics
of the treated phosphoric acid.

As can be seen from Fig. 5, the time required to reach a
fouling deposit is 70 h for the stainless-steel tubular heat ex-
changer and the graphite blocks heat exchanger (provider (B))
compared with 90 h for the graphite blocks heat exchanger
(provider (A)). As of that moment, the asymptotic zone begins
and the fouling thickness does not vary any more overtime.
Furthermore, we notice a significant difference between the
asymptotic values of the fouling resistance equal to 1.48*10−4,
1.46*10−4 and 2.24*10−4 m2. K.W−1 for stainless steel tubu-
lar, graphite blocks (provider (A)) and graphite blocks (pro-
vider (B)) exchangers, respectively.

For the seven cycles presented in Fig. 5a, b and c, all the
curves have asymptotic appearance for the resistance of foul-
ing. There is a small difference for the maximum fouling re-
sistance; which is the immediate result of both a bad cleaning
and the wrong time chosen by the industrialist to clean the
exchanger. For this reason, we have chosen to model this
fouling phenomenon in order to correctly detect the cleaning
time.

The model of Kern and Seaton gives satisfying results pro-
vided that the asymptotic value of the fouling resistance (Rf *)
as well as the time constant (τ) which condition the accuracy
of the model are well evaluated. Comparing these experimen-
tal results with the Kern model amounts to identifying two
parameters which are Rf* and τ and replacing them in the
expression of the fouling resistance (eq. (14)). The method
used is the Levenberg-Marquardt [24] method which consists
in minimizing the quadratic sum of the difference between
experimental measurement and Kern model according to the
following expression:

S Rf *; τ
� � ¼ ∑n

i¼1 Rf tið Þ−Rfexp tið Þð Þ2 ð23Þ

Table 3 Values of the asymptotic
fouling resistance, the time
constant and the statistical
accuracy indices for the studied
exchanger types

Type of exchanger Rf* (m2.K.W−1) τ (h) R2 σ ε(%)

Stainless-steel tubular 1.72*10−4 40.32 0.9757 4.57*10−5 −4.01
Graphite blocks

Provider (A) 1.51*10−4 42.01 0.9742 4.02*10−5 −4.68
Provider (B) 2.59*10−4 39.68 0.9856 6.88*10−5 −1.31
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a

b

c

Fig. 6 a Kinetics of fouling for
Stainless-steel tubular heat
exchanger. b: Kinetics of fouling
for Graphite blocks heat
exchanger (provider A). c:
Kinetics of fouling for Graphite
blocks heat exchanger (provider
B)
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Where S is the quadratic sum, Rf(ti) is the fouling resistance
at time ti according to the model of Kern and Seaton, and
Rfexp(ti) is the fouling resistance derived from measurements
of the operating parameters of the exchanger at the same time ti.

Table 3 presents the identification results of two parameters
Rf * and τ for the three types of heat exchangers. The value of
the determination coefficient which is close to 1 shows a good
agreement between the Kern and Seaton model, and the

a

b

c

Fig. 7. (a) Variation of dilute
phosphoric acid flow rate and
steam pressure as a function of
time for Stainless-steel tubular
heat exchanger. b: Variation of
dilute phosphoric acid flow rate
and steam pressure as a function
of time for Graphite blocks heat
exchanger (provider A). c:
Variation of dilute phosphoric
acid flow rate and steam pressure
as a function of time for Graphite
blocks heat exchanger (provider
B).
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experimental data. The values of the relative error ε (%) are
relatively low with a maximum value equal to −4.68% for the
graphite blocks heat exchanger (supplier (A)) and very low
values of the standard deviation σ which are higher to
4.02*10−5.

Figure 6 (a, b and c) illustrates the consistency in variation
of the fouling resistance over time obtained from both mea-
surement and the Kern and Seaton model. Figures 6, b and c
show the good superposition of the fouling resistance obtained
from the operational data measurements and the Kern and
Seaton model by using the two parameters identifying Rf*
and τ with a maximum relative error for the three types of
exchangers of 4.68%. Fig. 7 shows the evolution of the dilute
phosphoric acid flow rate and the steam pressure over time for
the three types of exchangers as a function of the fouling
phenomenon.

It can be noticed that, from Fig. 5 and 7 (a, b and c), when
the deposit appears in the exchanger, for t = 70 h for the
stainless-steel tubular heat exchanger and the graphite blocks
heat exchanger (provider (B)) and t = 90 h for the graphite
blocks heat exchanger (provider (A)), the dilute phosphoric
acid flow decreases by 13 m3.h−1, while the steam pressure
increases by 0.5 bar. Those two quantities are the main indi-
cators used by industrialists to monitor and control the fouling
phenomenon in heat exchangers. Limit values of acid flow
and steam pressure to trigger the heat exchanger cleaning pro-
cess are respectively 15 m3.h−1 and 1 bar.

3 Conclusion

A theoretical and experimental study of industrial fouling heat
exchangers has been carried out successfully. Three types of
Phosphoric Acid / Steam heat exchangers (stainless steel tu-
bular, graphite blocks from provider (A) and provider (B)) of a
phosphoric acid concentration unit belonging to the phospho-
ric acid production plant of the Tunisian Chemical Group
(GCT) were used in order to see the effect of type heat ex-
changer on fouling. An experimental study was carried out
based on the transient measurements of the operating param-
eters for each type of heat exchanger such as Tac, in, Tac, out, Tst
and mac. From these data measured on industrial sites, we
calculated the thermal resistance of experimental fouling.
The result of the experimental study showed us that the graph-
ical representation of the thermal resistance of fouling as a
function of time is asymptotic. For this reason, we have cho-
sen the Kern and Seaton model for the theoretical study. The
modeling of the Kern and Seaton fouling resistance was car-
ried out using the LevenbergMarquardt method to identify the
two parameters R * and τ. Replacing these two parameters in
the expression of the model of Kern and Seaton, we have
noticed that the experimental results obtained from industrial
data are in agreement with the evaluated data obtained using

the model of Kern and Seaton. The perspective of this work is
to develop the study of fouling resistance, first by increasing
the number of measurements and reducing the time scale and
second by introducing a method of data analysis to model the
fouling resistance.
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