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Abstract  This paper evaluates the effects of fouling on three heat exchanger units (Pump around cooler, First stage 
condenser and pre heater) in a polyethylene plant. Data were obtained through steady state monitoring and direct 
measurements from the plant. The data were analysed using various energy equations and a computer program to determine 
the overall heat transfer coefficient, heat duties, temperature and pressure range of hot and cold fluids, capacity ratio and 
effectiveness. The result shows that for the pump around cooler, the overall heat transfer coefficient was 51.60% less than the 
design value. For the first stage condenser the heat duty and the overall heat transfer coefficient were 86.39% and 80.71% less 
than the design value respectively. This was traceable to increased fouling that has affected the effectiveness, capacity ratio 
and temperature range of the hot and cold fluid. In the pre heater unit the heat duty was found to be 80.14% of the design value, 
while the overall heat transfer coefficient was 15% more than the design value. This was due to variation in temperature 
difference between plant data and design value in the hot fluid side of the exchanger which has also affected the pressure drop. 
The results also show an increase of 57.73% of the fouling factor over the design value which also affected the effectiveness 
and capacity ratio of the heat exchangers. 
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1. Introduction 
A heat exchanger is a device that allows heat energy in one 

process fluid to pass to another process fluid in a controlled 
manner whose purpose is either to remove heat from a fluid 
(cooling) or to add heat to a fluid. The heat energy 
transferred in the heat exchanger may be in form of latent 
heat, as in boilers and condensers or sensible heat as in 
heaters and coolers. Also in a polyethylene plant heat 
exchangers are generally used for temperature profile control, 
steam generation and for phase separation [1]. Heat 
exchangers are used in various systems and processes that 
involve the transfer of heat energy. Improper design and 
maintenance of a heat exchanger may result in the damage or 
degradation of the components and performance of the 
system or unit.  

The major cause of reduction in heat exchanger 
performance is the effect of fouling [2]. Fouling in heat 
exchanger is a general term that includes any kind of deposit 
of extraneous materials that appears upon the heat transfer 
surface during the lifetime of the heat exchanger. It occurs 
during normal operation, when the tubes surface gets 
covered or blocked by deposits of ash, soot, dirt, oil, and  
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scales. Whatever the cause or exact nature of the deposit, 
additional resistances to heat transfer is introduced and the 
operational capability of the heat exchanger is 
correspondingly reduced. In many cases, the deposit is heavy 
enough to significantly interfere with the fluid flow and 
increase the pressure drop required to maintain the flow rate 
through the exchanger. There are several different basic 
mechanisms by which fouling deposits may be created and 
each of them generally depends upon several variables. In 
addition, two or more fouling mechanisms can occur in 
conjunction in a given service [3]. In general, working 
regime (fluid flow rate, temperature, pressure and 
concentration of components) as well as the actual plate 
geometry affects the formation of deposits [4, 5]. 

The unexpected failure of equipment such as heat 
exchangers in industrial environment (plant) is always 
undesirable and when these equipments are critical, they 
may lead to drop in overall profit.  It is therefore with a view 
to averting down time, reduction in overall heat transfer, lost 
production and costly repair, that it is necessary to carry out 
periodic evaluation of the heat exchanger performance in the 
plant in order to maintain them at high efficiency level. 

In recent years several performance evaluation methods 
and studies have been developed and used to evaluate and 
improve the performance of heat exchangers. The use of 
CFD-fluent simulation to predict and analyze the heat 
transfer in shell and tube heat exchanger by comparing the 
simulation results to the experimental results has been done 
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[6]. In this work, experimental study and numerical 
simulation on heat transfer and pressure drop characteristics 
where performed at the shell side of a helically baffled heat 
exchangers. The flow field and heat transfer performance in 
the shell side were simulated using commercial fluent 
software. The numerical results of shell side Nusselt number 
and pressure drop were compared with those of experimental 
data and showed that CFD simulation helped to increase the 
efficiency of a heat exchanger [6]. The effect of fouling on 
heat transfer, pressure drop, and throughput in refinery 
preheat trains has been studied [7]. The study emphasized the 
interaction between thermal and hydraulic effects using 
engineering analysis and fouling rate laws based on the 
“threshold fouling” concept. Using models linking flow 
resistance and fouling resistance, it became possible to 
simulate the effects of fouling on the hydraulic performance 
of a refinery pre-heat train. 

Numerical analysis of plate heat exchanger has also been 
applied to evaluate the performance in a co-current fluid 
flow configuration heat exchanger [8]. The study presented 
the theoretical analysis of a co-current plate exchanger and 
the results of its numerical simulations. Knowing the hot and 
cold fluid streams inlet temperatures, the respective heat 
capacities (mCp) and the values of the overall heat transfer 
coefficient, a 1-D mathematical model based on the steady 
flow energy balance for a different length of the device was 
developed resulting in a set of N first order differential 
equations with boundary conditions (where N is the number 
of channels). Also the evaluation of surface coating in heat 
exchangers has been done [9]. This study presented an 
experimental investigation of coating effectiveness in 
compact plate heat exchangers and transient observation of 
heat transfer surface appearance, where new and cleaned 
coated heat exchangers that have been exposed to untreated 
lake water for various time periods were considered and 
transient effectiveness results compare the rate of fouling for 
coated and uncoated heat exchangers. Results indicate that 
the thermal performance of the unit decreases with time, 
resulting in undersized heat exchangers. Uncoated plates 
accumulate deposits up to 50% faster than coated plates and 
show a decrease in performance by approximately 20%.   

Experimental determination of fouling factor on plate heat 

exchangers has been carried out on a district heating system. 
The work described the influence of water velocity on 
fouling factor in plate heat exchangers based on 
measurements on four district heating substations (DHS). 
During the operation of the heat exchanger, the heat duty 
reduced due to fouling [10]. Also the performance evaluation 
of tube- in -tube heat exchangers with heat transfer 
enhancement in the annulus in which the performance of 
heat exchangers was substantially improved by many 
augmentation techniques applied to design systems [11]. 
Heat transfer enhancement devices are commonly employed 
to improve the performance of an existing heat exchanger or 
to reduce the size and cost of a proposed heat exchanger. An 
alternative goal is to use such techniques to increase the 
system thermodynamics efficiency, which reduces the 
operating cost.  

This paper presents an energy evaluation performance 
analysis based on steady state monitoring and reading of data 
in a process plant that is used to evaluate the performance of 
heat exchanger in polyethylene plant and compare with 
design data to predict the effect of degradation due to fouling. 
This enables maintenance period to be predicted in order to 
eliminate the menace of fouling which increases the thermal 
resistance of heat exchangers and consequently lowers the 
overall heat transfer. 

2. Materials and Methods 
The research considered the direct monitoring and 

evaluation of steady state parameters of inlet and outlet 
values of cooling water and the process fluid (Hydrocarbon) 
of heat exchangers in the plant. Figures 1 and 2 show the 
block diagram and the temperature distribution for the heat 
exchanger, respectively. The pertinent parameters 
considered includes: fouling factor, overall heat transfer 
coefficient, heat duty, temperature and pressure ranges of hot 
and cold fluids, capacity ratio and effectiveness, of 2-E-301 
pump around cooler, 3-E-901 first stage condenser and 
3-E-401 pre-heater co-current heat exchangers in the 
polyethylene plant. 

 
Figure 1.  Block Diagram of a Heat Exchanger 
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Figure 2.  Temperature distribution for a parallel flow heat exchanger 

The data collection was carried out through direct 
measurements from the equipment in the plant. Also data 
from the operational log book from September 2010 to 
October, 2011 were considered. Field investigation and 
observation of the various heat exchanger units were also 
done. More data were obtained from the design data sheet, 
vendor/process licensor material and field operator’s log 
book. In the analysis and treatment of the data, mean values 
of daily parameters were computed using statistical methods. 
This was followed by monthly average and the overall 
average for the period the research was carried out. From this, 
such parameters as temperature and pressure ranges, fouling 
factors, heat duty, capacity ratio effectiveness and overall 
heat transfer coefficient were determined. 

2.1. Fouling Factor 

This is the reciprocal of the heat transfer coefficient of the 
dirt formed in the heat exchange process. The higher the 
factor, lesser will be the overall heat transfer coefficient. It is 
expressed thus; 

𝐹𝐹 = 1
𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐

− 1
𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

              (1) 

Where 𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐  =  Overall heat transfer coefficient 
calculated from data and 𝑈𝑈𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  = Design Overall heat 
transfer coefficient. 

2.2. Overall Heat Transfer Coefficient U 

The overall heat transfer coefficient is the ratio of heat flux 
per unit difference in approach across heat exchanger 
equipment considering the individual coefficient and heat 
exchanger metal surface conductivity. The magnitude 
indicates the ability of heat transfer for a given surface. The 
higher the coefficient, the lesser will be the heat transfer 
surface requirement measured in 

𝑄𝑄 = 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈(W/M2K)            (2) 

2.3. Heat Duty (Q) 

This is the capacity of the exchanger equipment expressed 
in terms of heat transfer per unit time. It means the exchanger 
is capable of performing at this capacity in the given system. 

𝑄𝑄ℎ  =𝑈𝑈 𝐶𝐶𝑝𝑝ℎ  (𝑡𝑡ℎ𝑖𝑖−𝑡𝑡ℎ0 )  (𝐾𝐾𝐾𝐾)            (3) 

Where 𝑄𝑄ℎ = Heat duty of the hot fluid. 

2.4. Capacity Ratio R 

This is the ratio of the temperature range of the hot fluid to 
that of the cold fluid.   

𝑅𝑅 = 𝑡𝑡ℎ𝑖𝑖−𝑡𝑡ℎ𝑜𝑜
𝑡𝑡𝑐𝑐0−𝑡𝑡𝑐𝑐𝑖𝑖

                 (4) 

2.5. Effectiveness S 

This is the ratio of cold fluid temperature range to that of 
the inlet temperature difference of the hot and cold fluid. 

𝑆𝑆 =  𝑡𝑡𝑐𝑐0−𝑡𝑡𝑐𝑐𝑖𝑖
𝑡𝑡ℎ𝑖𝑖−𝑡𝑡ℎ0

                  (5) 

3. Results and Discussions 
The results for the three co-current heat exchanger 

units: pump around cooler, first stage condenser and 
pre-heater were obtained by imputing the various inlets and 
outlets temperature and pressure and flow rate for each heat 
exchanger unit into the various energy equations. 

Table 1-3 shows the average summary of the results for 
the period under consideration. 

From Table1 the overall heat transfer coefficient is   
51.60% less than the design value and the actual heat duty 
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shows 12.41% deviation from the design value, which is 
practically negligible as this duty is up to 75% of the design 
value and the difference could be because of the specific heat 
capacity deviation with temperature or heat loss due to 
radiation from the hot shell side. The capacity ratio and 
fouling factor are negligible as there are only slight 
deviations from the design value while there is 21.71% rise 
in effectiveness over the design value and 18.51% deviation 
from design value for LMTD which are all traceable to 
temperature variation in the cold and hot fluids. 

The heat duty and the overall heat transfer coefficient are 

86.39% and 80.71% less than the design value as shown in 
Table 2. This is traceable to the difference in temperature 
range of the cold fluid and to the high increase in fouling that 
has resulted in minimized active area of heat transfer and this 
has also affected the capacity ratio and the effectiveness 
which has a significant effect on the overall performance as 
the higher the ratio the lesser will be requirement of the heat 
transfer surface. There is a 41.91% deviation in the hot fluid 
side which could be due to some heat loses by radiation from 
the hot shell side and a practically negligible deviation was 
noticed in LMTD. 

Table 1.  Results of Pump around Cooler 

S/N 𝑃𝑃𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑅𝑅 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑆𝑆 𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝑆𝑆𝑈𝑈𝐷𝐷𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷𝑈𝑈 
% 

1 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷( 𝑄𝑄ℎ) 𝐾𝐾𝐾𝐾 1637.00 1869.00 12.41 

2 𝐷𝐷𝐷𝐷𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 
𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑆𝑆𝐹𝐹𝑃𝑃𝑅𝑅 𝐶𝐶𝐷𝐷𝑃𝑃𝐹𝐹𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝑈𝑈(𝑈𝑈) 𝐾𝐾𝐾𝐾/𝑚𝑚2𝐾𝐾 0.2010 0.4153 51.60 

3 𝑃𝑃𝐹𝐹𝐹𝐹𝑃𝑃𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃𝑈𝑈𝑃𝑃𝑆𝑆𝑆𝑆 (𝑆𝑆) 𝑈𝑈𝑈𝑈𝑈𝑈 2.81 2.20 21.71 
4 𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷 𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 (𝑅𝑅) 𝑈𝑈𝑈𝑈𝑈𝑈 0.45 0.46 2.17 

5 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐻𝐻𝐷𝐷𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡ℎ) ℃ 4.47 5.00 10.60 

6 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐶𝐶𝐷𝐷𝑈𝑈𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡𝐶𝐶) ℃ 12.17 11.00 10.61 

7 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ℃ 10.96 13.45 18.51 

8 𝐹𝐹𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝐷𝐷𝑅𝑅 kW
Km2

 3.6742 3.44 6.81 

Table 2.  Results of First Stage Condenser 

S/N 𝑃𝑃𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑅𝑅 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑆𝑆 𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝑆𝑆𝑈𝑈𝐷𝐷𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷𝑈𝑈 
% 

1 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷( 𝑄𝑄ℎ) 𝐾𝐾𝐾𝐾 1260.20 9258.00 86.39 

2 𝐷𝐷𝐷𝐷𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 
𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑆𝑆𝐹𝐹𝑃𝑃𝑅𝑅 𝐶𝐶𝐷𝐷𝑃𝑃𝐹𝐹𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝑈𝑈(𝑈𝑈) 𝐾𝐾𝐾𝐾/𝑚𝑚2𝐾𝐾 0.029 0.1503 80.71 

3 𝑃𝑃𝐹𝐹𝐹𝐹𝑃𝑃𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃𝑈𝑈𝑃𝑃𝑆𝑆𝑆𝑆 (𝑆𝑆) 𝑈𝑈𝑈𝑈𝑈𝑈 0.021 0.050 58.10 
4 𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷 𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 (𝑅𝑅) 𝑈𝑈𝑈𝑈𝑈𝑈 93.43 19.60 79.02 

5 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐻𝐻𝐷𝐷𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡ℎ) ℃ 91.09 156.80 41.91 

6 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐶𝐶𝐷𝐷𝑈𝑈𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡𝐶𝐶) ℃ 2.11 8.00 73.62 

7 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ℃ 56.18 57.62 2.50 

8 𝐹𝐹𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝐷𝐷𝑅𝑅 kW
Km2

 37.634 0.172 99.54 

Table 3.  Results of Pre-Heater 

S/N 𝑃𝑃𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑅𝑅 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑆𝑆 𝑃𝑃𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷𝑈𝑈 
% 

1 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 (𝑄𝑄ℎ) 𝐾𝐾𝐾𝐾 3373.32 4209.30 19.86 

2 𝐷𝐷𝐷𝐷𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 
𝑈𝑈𝑅𝑅𝑈𝑈𝑈𝑈𝑆𝑆𝐹𝐹𝑃𝑃𝑅𝑅 𝐶𝐶𝐷𝐷𝑃𝑃𝐹𝐹𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝑈𝑈 (𝑈𝑈) 𝐾𝐾𝐾𝐾/𝑚𝑚2𝐾𝐾  

0.6543 0.1019 15 

3 𝑃𝑃𝐹𝐹𝐹𝐹𝑃𝑃𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃𝑈𝑈𝑃𝑃𝑆𝑆𝑆𝑆 (𝑆𝑆) 𝑈𝑈𝑈𝑈𝑈𝑈 35.87 6.670 81.41 
4 𝐶𝐶𝑈𝑈𝑃𝑃𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝐷𝐷 𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷(𝑅𝑅) 𝑈𝑈𝑈𝑈𝑈𝑈 0.202 0.150 74.26 

5 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐻𝐻𝐷𝐷𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡ℎ) ℃ 20.61 48.00 57.06 

6 𝑈𝑈𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑅𝑅𝑈𝑈𝑈𝑈𝑈𝑈𝑅𝑅𝑃𝑃 𝑅𝑅𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 
𝐶𝐶𝐷𝐷𝑈𝑈𝑈𝑈 𝐹𝐹𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (∆𝑡𝑡𝑐𝑐) ℃ 299.60 320.00 6.37 

7 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 ℃ 6.94 55.30 87.45 
8 𝐹𝐹𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 𝐹𝐹𝑈𝑈𝐶𝐶𝑈𝑈𝐷𝐷𝑅𝑅 (𝐹𝐹) 𝑚𝑚2𝐾𝐾/𝐾𝐾𝐾𝐾 7.5933 0.1720 57.73 
9 𝑃𝑃𝑅𝑅𝑃𝑃𝑆𝑆𝑆𝑆𝑈𝑈𝑅𝑅𝑃𝑃 𝑈𝑈𝑅𝑅𝐷𝐷𝑃𝑃 (∆𝑃𝑃) 𝑘𝑘𝑘𝑘/𝑐𝑐𝑚𝑚2𝑘𝑘 12.30 10.00 18.70 
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Table 4.  Out Put Results -Pump around Cooler, First Stage Condenser and Pr-Heater 

𝑆𝑆/𝑈𝑈 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈 𝑃𝑃𝐸𝐸𝐶𝐶𝐻𝐻𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃𝑅𝑅 𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷 𝑄𝑄 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝑈𝑈𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 

𝑈𝑈𝑃𝑃𝑆𝑆𝑈𝑈𝐷𝐷𝑈𝑈 
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑈𝑈𝑃𝑃𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐷𝐷𝑈𝑈 % 

1 𝑃𝑃𝑈𝑈𝑈𝑈𝑃𝑃 𝑈𝑈𝑅𝑅𝐷𝐷𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐷𝐷𝐷𝐷𝑈𝑈𝑃𝑃𝑅𝑅 𝑘𝑘𝐾𝐾 838.70 855.82 2.00% 
2 𝐹𝐹𝑈𝑈𝑅𝑅𝑆𝑆𝑈𝑈 𝑆𝑆𝑈𝑈𝑈𝑈𝐷𝐷𝑃𝑃 𝐶𝐶𝐷𝐷𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈𝑆𝑆𝑃𝑃𝑅𝑅 𝑘𝑘𝐾𝐾 1167.00 5835.00 80.00% 
3 𝑃𝑃𝑅𝑅𝑃𝑃 − 𝐻𝐻𝑃𝑃𝑈𝑈𝑈𝑈𝑃𝑃𝑅𝑅 𝑘𝑘𝐾𝐾 4957.00 5329.00 6.98% 

 

From Table3 the heat duty is found to be 80.14% of the 
design value which shows a good performance and 15% 
increase in the overall heat transfer coefficient over the 
design value. This is due to variation in temperature 
difference between calculated data and design value in the 
hot fluid side of the exchanger which has also affected the 
pressure drop up to 18.70% more than the design value. An 
increase of 57.73% of the fouling factor over the design 
value of 0.1720 𝑚𝑚

2𝐾𝐾
𝐾𝐾𝐾𝐾

 is also noticed and this has also 
affected effectiveness and capacity ratio respectively while 
there is a negligible deviation in the temperature range of the 
cold fluid side of the exchanger. 

Comparing the results shown in tables 1-3 above, the 
pump around cooler has the lowest heat duty, effectiveness, 
capacity ratio and fouling factor deviation from the design 
values of each heat exchanger. The first stage condenser 
recorded the highest fouling factor, as the most fouled 
exchanger. While the Pre-heater shows the best result in 
terms of overall heat transfer coefficient as there was an 
increase of 15% over the design value which is traceable to 
the temperature profile at the cold side of the heat exchanger. 

From Table 4 shows the simulation results from hysys 
using the various input parameters. For pump around cooler 
the inlet and outlet temperatures of both the tube and shell 
sides show 98% of the design value while the actual duty is 
98% of the design value. The 2% variation is practically 
negligible and is caused by heat losses due to radiation from 
the hot shell side and specific heat capacity variation with 
temperature. For the First stage condenser the inlet and outlet 
temperature of the shell shows 16% deviation and that of the 
tube side was found to be 21% of the design value. 
Variations were also observed in the flow rate, while the duty 
shows 80% deviation from the design value. In the pre-heater 
there was 6.98% deviation in the duty of the design value, 
while there was no noticeable deviation in the tube inlet and 
outlet temperature as compared to their design values. 

4. Conclusions 

This work has highlighted the deviations of plant 
operations from actual design values due to fouling of the 
heat exchanger units. The fouling affected the heat 
exchanger effectiveness, capacity ratio and temperature 
range of the hot and cold fluid. This consequently affected 
the pressure drop and the overall system performance. The 
parameters and equations used in assessing the efficiency of 
the heat exchangers and also to check deterioration of the 
equipment design and operation with time was by steady 
state monitoring, direct collection of data from the 

equipment in the plant and analysis of the data using various 
energy equations. A simple computer program was written in 
Q basic language to obtain the summary of the overall results. 
The results were compared with the equipment design data. 
It provided a good method of obtaining the performance of 
the heat exchangers. 

Nomenclature 
A  Heat Transfer Area 
Cph Specific Heat Capacity of hot Fluid 
F  Fouling Factor 
m  Mass Flow Rate (Kg/h) 
Qh  Heat Duty of hot Fluid (KW) 
R   Capacity Ratio 
S   Effectiveness 
𝑡𝑡1 & 𝑡𝑡2 𝐾𝐾𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑐𝑐𝑚𝑚𝑝𝑝𝑐𝑐𝑡𝑡𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐𝑡𝑡  ℃ 
thi  Inlet Temperature of hot fluid (oC) 
tho  Outlet Temperature of hot fluid (oC)  
tci  Inlet Temperature of cold fluid (oC) 
tco  Outlet Temperature of cold fluid (oC) 
Δtc      Change in cold fluid temperature 
Δth         Change in hot fluid temperature 
U       Overall heat transfer co-efficient 
Ucal Overall Heat Transfer Coefficient from Data 

(KW/m2K) 
Uclean Overall Heat Transfer Coefficient from Design 

(KW/m2k) 
LMTD  Log Mean Temperature Difference ℃ 
∆P      Pressure drop 
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