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Abstract

Fouling of heat exchangers causes the thermal-Higdmerformance of

heat-transfer equipment to decrease with time. Whenthermal hydrolic

performance decreases to a minimum acceptable, ltheslheat exchanger
has to be cleaned. The decision regarding periaiéaning of the heat
exchangers is generally based on thermoeconomifonpeance of the

process. In this paper, coolant and seawater teaipegs through seawater
cooled shell and tube during 2500 operating hourave been measured
and total fouling resistances have been foundetie dimensionless cost
model and variation with the dimensionless timexiamined by considering
the various cost elements for the seawater cootezll and tube heat

exchanger.

BiR GEMIDE ISI DEGIiSTiRICi TEMizL iK
CEVRIMiNiN OPTiMiZASYONU

Ozetce

Isi deigtiricilerde birikinti, 1sil  hidrolik performansinin zamanla
azalmasina neden olmaktadir. Isil hidrolik perfomaaminumum bir kabul
edilebilir seviyeye geldginde 1si1 dgistiricinin temizliginin yapilmasi
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zorunludur. Isi dgigtiricinin periyodik temizlik karari icin, genellikl
prosesin termoekonomik performansi esas alinmaktd&#li calsmada,
2500 kletme saati suresince deniz suyuglgmali gévde borulu sl
deygistiricide dolagan s@utma suyu ve deniz suyu gdanlarinin sicakliklari
Olciimiy ve toplam birikinti direncleri bulunmtur. Bir gemi ana
makinesinin deniz suyu @amali 1s1 dgistiricisi icin cesitli maliyet
elemanlari dgerlendirilerek boyutsuz maliyet modeli ve boyutzamnan ile
degisimi incelenmitir.

Keywords: Shell and tube heat exchanger, seawater, foulinggrisionless
cost

Anahtar kelimeler: Goévde borulu 1sI d#stirici, deniz suyu, birikinti,
boyutsuz maliyet

1. INTRODUCTION

As with all engines, a ship's engine needs to lmdedo However, with both
boats and ships there is an advantage. They carnhaswater they are
floating or moving in to cool the engine. The emginater is cooled in a
heat exchanger. The proper performance of heataegens within a
process can affect the cost of the final producgwen the production rate.
Unfortunately, heat exchangers are prone to foulisghature depending on
the fluids flowing within and over the tubes: artk treduction in heat
transfer that results almost invariably has an whpma product cost. To
reduce this impact, heat exchanger performanceldho@ intelligently

monitored and the heat exchanger cleaned at ingetlat are determined
from optimal economic criteria. In this study, wesaliss cost-based-
optimum time for cleaning the exchanger onboardip. s

2. Heat Exchanger Fouling and Its Effects

Fouling can be defined as accumulation of undelsralbibstances on a
surface. Fouling can be classified in a numberifbérént ways. According

to Epstein, fouling is classified into following tegories: Particulate
fouling, crystallization fouling, corrosion foulingbiofouling, chemical

reaction fouling.
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In most cases, it is unlikely that fouling is exalely due to a single
mechanism and, in many situations, one mechanishn b&i dominant.

Fouling tends to increase over time, the trajectmeing very site specific.
Recognizing this, the Tubular Exchanger Manufacturédssociation

(TEMA) recommends that designers of heat exchangectude an

allowable fouling resistance in their calculatiomsprder that some fouling
can be tolerated before cleaning must be undertdkeneven though these
allowances tend to prevent frequent process irggaoms, fouling still has

an economic impact. Thus, determining when to cle&en requires

striking a balance between maximizing the quantityfinished product

from the process and its cost.

3. Monitoring Heat Exchanger Performance

The heat transfer rate under fouled conditionsc@n be expressed as:
Q; =U,AAT,, (1)

where the subscript f refers to the fouled condgioMean temperature
difference by:

AT, —AT.
AT =—2L —2
m AT,
In
AT,
4. Cost of Fouling

(2)

Fouling of heat-transfer equipment reduces thenberefficiency of the
equipment. Economic aspects of fouling have deaigh operational stage.
Cost at design stage is increased capital experdifine heat transfer area
of a heat exchanger is increased to compensatetfiing at design stage.
Costs at operational stage apperation and maintenance and loss of
production and cleaning and utilization of eneugg of antifoulants.

35



Ciineyt EZ@ Necdet OZBALTA

The total fouling-related costs can be broken dowmfour main areas:

a. Higher capital expenditures for oversized plawtsch includes
excess surface area, costs for extra space, iectdesnsport and
installation costs.

b. Energy losses due to the decrease in thermelegity and increase
in the pressure drop.

c. Production losses during planned and unplanied phutdowns for
fouling cleaning.

d. Maintenance including cleaning of heat transiguipment and use
of antifoulants.

5. Experimental Set

We have the main diesel engine (1600 BHP&350-750)sshell and tube
heat exchanger, sea water pump (2310 rpm&600 gprd) feesh water

pump (2310 rpm&375 gpm) onboard a ship.To mainthm temperature
below the maximum allowable limit are used cool@fgy.1). The fresh

water is reused continuously for cooling the engiftee water is circulated
throughout the engine cooling spaces by an attaciedlating fresh water

pump. The water is then led to a fresh water coalbere it is cooled by the
salt water of the salt water cooling system. Afteleaves the cooler, the
fresh water may go through the lubricating oil @db act as cooling agent
for the lubricating oil. The water then returnsttee fresh water pump,
completing the circuit. The engine water is cooleda heat exchanger or
cooler, similar to the cooler used in the lubriegtbil system. A simplified

cooling train and fresh and salt water cooling eysion a ship is shown
Fig.2 and Fig.3, respectively.
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Figure 1. Seawater cooled shell and tube heat exchanger

In this study, we focused to fresh water cooler mm@@dsured inlet and outlet
temperatures of engine cooling water and sea wBtata is taken from
literature [1]. Cleaning schedules for a 2500 haampaign were
investigated.
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Figure 2. A simplified cooling train

Exchanger heat transfer effectiveness is the ddtihe actual heat transfer
rate in a heat exchanger to thermodynamically &dhitmaximum possible
heat transfer rate if an infinite heat trransfarffate area were available in a
counterflow heat exchanger. Heat exchanger effecéss,e , for
counterflow is written as: [2].

Q(t) _ 1-exd-@-C,)NTU] 3)
Q... 1-C, exg-(@-C,)NTU]

et)=
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Figure 3. Fresh and salt water cooling system onship.
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Heat transfer area number, NTU, is written as: [2].

where
Uft)=— e (5)

TI+UCR (1)

where R, is the total fouling resistance given as:
&m=%&+m ©)

Capacity rate ratio is written as: [2].

C — _~min (7)
where Guin and Gax are the smaller and larger of the two magnitudé€s,o
and G, respectively.

The fouling factor can be related to the foulingrthal conductivity k

d.In(d,/d,)
Rf = (8)
27K,
5.1 Additional Fuel Cost in Diesel Engine Due to [p in Effectiveness
Cooling is needed because high temperatures daeragee materials and

lubricants. Internal-combustion engines burn fuettdr than the melting
temperature of engine materials, and hot enouglettéire tolubricants.
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Engine cooling removes energy fast enough to keeypératures low so the
engine can survive. Mechanical efficiency and ahitbrake horsepower
(useful power) decreases with time due to drop ffacgveness of heat
exchanger. It is needed to give additional fuehta initial power.

Mechanical efficiency of diesel engine is the ratiobrake horsepower,P
which is the power output of the drive shaft of an engioeindicated
horsepower, £ which is the theoretical maximum output power of the
engineand written as [3].

M = 9)

0|50

The costs associated with additional fuel consupmptian he expressed in
terms of cost constafy (in $/W day) as [4].

Cot (0= K, Qua{ £~ [, £(0c] (10
Cost constark;, is given as:

1 C
k =— =¥ 11
" H 0 (11)

u
where

Cy ($/1), cost of unit volume of diesel fuel,(kg/l), density of diesel fuel,
Hu (kJ/kg) is low heating value of diesel fuel.

5.2 Antifoulant cost
If the antifoulant is used at constant rate them#sociated cost is given [#}.
Char () =Cle t (12)
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where
C)e , Cost of antifoulant per time
5.3 Cleaning cost

If C¢ is the hourly cleaning cost during the shut dowrigag then the total
cleaning cost per cycle can be expressddas

C. =CL1, (13)
5.4 Miscellaneous costs

Other costs related indirectly to fouling for eamftle are included here as
Cum. These include the cleaning program, the shutdamad start up of the
process unit, the anti-foulant injection systemntenance, etc.

5.5 The Total Fouling Cost

Operating periyod of heat exchanggilig written as: [4].

t. =t, +t, (14)
The total fouling cost (in $) through an operatoycle can be written as [4].

C.(t)=C.(t)+Cue (t)+Cc +C, (15)

Making appropriate substitutions and calculatinghfours costs, we can
express the total cost per unit cycle time as:[4].

Cper(t,).H

t, +,) (16)

C.(t,) =
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EaCE k et *Ce 17
H ) (tp +td) {kh.Qmax|:€(0).tp IO 5(t)dt:| * CAF -tp + Cc.td + CM } ( )

We can writehe non-dimensional cost functiofi, as a function of reduced tinas:

C=pl+yl, +ysls 18]
where
1 2

r = ok - [&(t)dt
=) okt @9

—_ tp (20)
2 (tp +td)
M= & (21)
: (tp +td)
where

Qmax'k
m=—E?ﬂ (22)

C!
y, = CA;F (23)
;=1 (24)

It should be noted that, v.,ys andy,represent dimensionless additional fuel,
antifoulant, cleaning ananiscellaneousosts, respectively.We have not
considered miscellaneoassts in this study.
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6. Results

Effectiveness-time curve of seawater cooled shadl @be heat exchanger
onboard the ship is shown Fig.3. It decreases twith. Dimensionless costs
as function of dimensionless time are shown Fig.4.
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Fig 3 Drop in heat exchanger effectiveness versusie
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Fig 4 Dimensionless costs as function of dimensi@sks time
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For example, if we want to calculate total opegtinsts at the end of 600
and 1200 operating hours, they can be calculated Fig 4. as:

t
t+16¢

= 0,78=1t=600h

Total operating cost at the end of 600 operating o

S
H =055 S = 0,58
C. 600(30)

C,; (t=600)= 9900%

Total operating cost at the end of 1200 operatimg 1

S
_—= 1 :> —_— = )

H -0 550 ST = 0,8
C. 1200(30)

C, (t=1200)= 28800%
Total operating cost in 2500 operating hours:
C, (t = 250th) = 57753%

7. Conclusions

Thermoeconomic study of seawater cooled shell abe teat exchanger
cleaning cycles is presented.
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As a result of the effects of fouling on the thefrnamd hydraulic
performance of the heat exchanger, an additionat © added to the
industrial processes: Energy losses, lost prodtgtivmanpower and
cleaning expenses cause immense costs.

Shell and tube heat exchangers are a vital patieoprocess in which they
are installed and their condition can significangyfect the process
economics in several ways. Thus, to improve théopaance of those heat
exchanges prone to fouling problems, historicah ddwould be acquired and
analyzed and the fouling model developed. The aoisfeuling must also
be quantified and the cleaning criterion, mean lyowost of losses,
monitored.

Periodical cleaning of heat exchangers will be ssagy, even if the heat
exchanger is well designed and the fluid treatmisnteffective. The

optimum time to clean is when this criterion aclkigvts minimum value.

Further, the cleaning method selected should betwatds not only able to
handle effectively the type of fouling experienceith that heat exchanger,
but also results in minimum annual maintenancedmventime costs.
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