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Efficient operation of petroleum refineries is crucial for optimizing energy production 

and economic viability. This study innovatively applies aspen HYSYS Version.14 to 

conduct a comprehensive hydraulic performance analysis of atmospheric distillation 

tower trays at Refinery. By integrating real plant operational data, the research 

addresses pivotal inefficiencies in the distillation process, particularly focusing on 

mechanical challenges such as tray weeping and flooding. The simulation efforts 

validate the model against empirical data, showcasing high correlation coefficients for 

key petroleum fractions, with values exceeding 0.93 for light naphtha, heavy naphtha, 

and gasoil, and slightly lower at 0.86 for kerosene. The findings highlight specific 

hydraulic deficiencies in the lower trays of the stripping section and propose precise 

improvements in tray design and alignment. Implementation of these recommendations 

is projected to substantially enhance separation efficiency, reduce maintenance 

frequency, and decrease operational disruptions. This paper contributes a novel, 

validated methodology for employing simulation tools in troubleshooting and 

optimizing refinery operations, offering a significant advancement in applying 

simulation technology to improve the petroleum industry’s sustainability and 

reliability. The actionable insights derived from this study, demonstrated through the 

enhanced correlation coefficients, have the potential to revolutionize refinery practices 

by providing a robust basis for future enhancements. 

Keywords: Crude distillation, Refinery, Simulation, Trays, Weeping. 

 تعزيز كفاءة التقطير لمصفاة النفط من خلال تحليل الأداء الهيدروليكي لبرج التقطير الجوي

 خلاصةلا
تعد الكفاءة التشغيلية لمصافي النفط أمرًا بالغ الأهمية من أجل تحسين إنتاج الطاقة والجدوى الاقتصادية. يطبق هذا البحث بشكل 

لإجراء تحليل شامل للأداء الهيدروليكي لصواني برج التقطير الجوي  الإصدار الرابع عشر  aspen HYSYSبرنامج  استخداممبتكر

. من خلال دمج بيانات التشغيل الفعلية للمصنع، يعالج البحث الكفاءات غير الفعاّلة في عملية التقطير، مع التركيز بشكل خاص لمصفاة النفط

على التحديات الميكانيكية مثل التسرب والفيضانات في الصواني. تساهم جهود المحاكاة في التحقق من صحة النموذج من خلال مقارنة 
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للنافثا الخفيفة، والنافثا الثقيلة،  0.93مما يظهر ارتباطًا عالياً للمعاملات بين مكونات النفط الرئيسية، حيث تتجاوز القيم البيانات التجريبية، 

للكيروسين. تبرز النتائج العجز الهيدروليكي المحدد في الصواني السفلية في قسم الاسترجاع،  0.86وزيت الغاز، بينما تنخفض قليلاً إلى 

حات لتحسينات دقيقة في تصميم الصواني ومحاذاتها. من المتوقع أن تؤدي تطبيق هذه التوصيات إلى تحسين كبير في كفاءة وتقدم اقترا

الفصل، وتقليل تكرار الصيانة، والحد من اضطرابات العمليات. يساهم هذا البحث بمنهجية مبتكرة وموثوقة لاستخدام أدوات المحاكاة في 

ليات المصافي، مما يشكل تقدمًا كبيرًا في تطبيق تقنيات المحاكاة لتحسين استدامة وموثوقية صناعة النفط. إن تحديد المشكلات وتحسين عم

مصافي الأفكار القابلة للتنفيذ المستخلصة من هذه الدراسة، التي تم إظهارها من خلال الارتباطات المعززة، تتمتع بإمكانية تحويل ممارسات ال

 .سينات المستقبليةعبر توفير أساس قوي للتح

 

1. Introduction 

The refinery process uses crude oil as fuel source to produce a wide range of petroleum-based 

products [1]. The crude oil distillation unit (CDU), also known as the atmospheric distillation 

column, is an essential part of nearly every refinery [2]. The crude oil refining process begins, 

separating the crude oil into its various components according to their boiling points [3]. 

Petroleum refinery, established in 2008, has an atmospheric distillation unit with a production 

capacity of 10,000 barrels per day. The refinery's atmospheric distillation unit produces various 

crude oil derivatives, including off gases, light naphtha (L.N), heavy naphtha (H.N), kerosene, 

gasoil, and reduced crude residue (R.C.R), with volumetric proportions: off gases at 1%, light 

naphtha and heavy naphtha at 17%, kerosene at 8%, gasoil at 13%, and reduced crude residue at 

62%. The presence of trays in the atmospheric distillation tower enhances the effectiveness of 

separating crude oil derivatives by improving the interaction between liquid and vapor, hence 

increasing the yield of petroleum products [4]. The trays allow for temperature control within the 

tower, ensuring optimal conditions for distillation. Various issues can arise with the trays that 

significantly impact separation efficiency and overall production of petroleum derivatives. These 

issues include tray corrosion, fouling, flooding, weeping, and damage [5]. There are different 

types of trays used in distillation columns, including bubble cap trays, sieve trays, and valve trays. 

Each type has its own advantages and applications [6]. Petroleum refinery's atmospheric 

distillation column consists of 29 valve trays, which combine features of both bubble cap and 

sieve trays. Valve trays provide adjustable vapor flow and reduce the risk of weeping and 

flooding, making them versatile for a wide range of operating conditions. Petroleum refinery 

evaluates the atmospheric distillation tower trays by placing sensors along the tower to monitor 

temperature and pressure, conducting visual inspections for wear, corrosion, and fouling, 

conducting mechanical integrity testing to ensure structural soundness, and using flow meters to 

measure liquid and vapor distribution across the trays. This data aids in assessing the trays' 

efficiency in maintaining the required conditions for optimal separation. Now, the advantage of 

using process simulation is its ability to predict potential issues and identify areas for 
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improvement in a cost-effective and time-efficient manner [7]. By using aspen HYSYS to 

simulate the performance of atmospheric distillation tower trays, engineers can find out how 

things like the design of the tray, the material used to make it, and the operating conditions affect 

how well it separates things and how well the column works overall [8]. This allows engineers to 

troubleshoot potential problems, such as flooding, weeping, and fouling, without the need for 

expensive and time-consuming pilot plant testing or plant shutdowns. Using aspen HYSYS V.8, 

a study [9] found optimal operating conditions for an atmospheric distillation column at Al-Dura 

refinery, capable of processing various blends of heavier, moderate, and lighter crude oils. The 

simulation closely matched industrial plant results and effectively predicted conditions for 

distilling a light-heavy crude oil blend at different mixing ratios. A study [10] explored the 

feasibility of using aspen HYSYS for simulating a crude distillation tower in Basra refinery under 

steady state operations. The comparison between the simulation and actual plant data showed that 

the mass flow rates of kerosene, LGO, off gas, and HGO matched perfectly with those of the real 

tower conditions. However, the flow rates for naphtha, residual, and wastewater varied slightly, 

with an error difference ranging from 6% to 11% between the simulated and actual plant results. 

Research [11] focused on the optimization of Iraqi oil blending by analyzing the physical and 

chemical properties of three types of Iraqi crude oils. Each oil underwent a specific petroleum 

assay to measure boiling temperatures, density, viscosity, and sulfur content of fractions derived 

from air distillation. The study utilized aspen HYSYS to calculate the necessary blending ratios 

to enhance or produce a distillation product, potentially increasing the final product's market 

value.  

Distillation columns are critical in the chemical and petrochemical industries for separating 

mixtures into their individual components based on vapor-liquid equilibrium principles [12]. Each 

tray in a distillation column operates at its respective bubble and dew points, forming an 

equilibrium system essential for effective separation. Generally, three main sections divide the 

column: rectification, stripping, and feed or flash zone [13]. Figure (1) shows main sections of 

the atmospheric distillation column [14]. 
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Fig. (1): Main sections of distillation column 

In the rectification section, rising vapor interacts with down flowing liquid to remove less volatile 

components from the vapor. Conversely, the stripping section involves the rising vapor removing 

more volatile components from the down flowing liquid. The feed section, situated between these 

two sections, introduces the mixture into the column [15]. Trays within the distillation column 

enhance mass transfer by providing a structured environment for phase contact [16]. These trays, 

equipped with openings to facilitate interaction, are evenly distributed inside the cylindrical 

column casing. Each tray typically includes down comers that allow liquid to flow from one tray 

to the next via gravity. While one-pass trays are common, two-, three-, and four-pass trays can 

also be used to reduce liquid flow paths [17]. Liquid flows from the tray above into the down 

comer, across the tray below, and over a weir into another down comer. The weir controls the 

liquid level on each tray, ensuring consistent phase contact in the active area where vapor from 

the tray below interacts with the liquid [18]. A proper down comer design is critical to preventing 

froth and ensuring smooth liquid flow. Tray spacing is optimized based on economic trade-offs 

between column height and diameter [19]. Figure (2) shows main parts of tray [20]. 
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Fig. (2): Parts of tray 

The vapor and liquid flow rates govern the operational efficiency and safety of a distillation 

column as shown in Figure (3) [21]. Deviations from optimal flow rates can lead to various 

hydraulic issues that hinder mass and thermal transfer, thereby affecting the column's overall 

performance such as: Flooding occurs when liquid accumulates excessively on a tray, indicating 

the column's maximum capacity. Either jet flooding or downcomer flooding can cause this sudden 

pressure drop [22]. Weeping happens when vapor rates are too low to support the liquid on the 

tray, allowing the liquid to seep through the perforations. This reduces the column's efficiency as 

the desired vapor-liquid equilibrium cannot be maintained [23]. Entrainment involves the 

excessive velocity of vapor, which carries liquid droplets from one tray to the above tray. This 

phenomenon not only reduces tray efficiency by mixing lower-volatility liquid with higher-

volatility liquid but also contaminates high-purity distillate with nonvolatile components [24]. 

Dumping is a condition where liquid bypasses the normal flow path on the tray and falls directly 

into the down comer without adequate contact with the vapor phase. This can occur due to 

improper tray design, excessive liquid flow rates, or significant vapor flow maldistribution. 

Dumping significantly reduces mass transfer efficiency, which can lead to poor separation 

performance in the column [25]. 
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Fig. (3): Operation limits of tray 

A thorough understanding and management of these hydraulic issues are essential for 

maintaining the effectiveness and reliability of distillation columns. Advanced monitoring and 

control systems are often employed to detect and mitigate such issues, ensuring consistent and 

efficient column operation [26]. The objective of this study is to assess the performance of the 

atmospheric distillation tower trays at petroleum refinery through the use of aspen HYSYS 

V.14. This assessment involves simulating the steady-state operation process and comparing 

the simulation results to actual plant data to evaluate the accuracy and efficiency of the 

distillation system. 

2. Materials and Methods 

2.1. Materials 

The crude oil used at petroleum refinery as detailed in Tables (1) and (2) is sourced from 

petroleum fields. 

Table (1): Specifications of crude oil 

Property API       

(-) 

Density 

(kg/m3) 

Bs &W 

(V%) 

Salt 

content 

(ppm) 

Sulfur 

content 

(ppm) 

Viscosity 

(cSt) 

Value 29.8 876 0.15 159 30000 12.7 

 

Table (2): Distillation of crude oil 

Volume % 2 3.5 5 7.5 10 13 15 18 20 25 30 35 40 45 50 

Temperature(°C) 40 52 62 77 95 112 128 143 159 189 218 249 279 310 342 
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2.2. Methods 

10,000 barrels of crude oil per day (66 m3/hr) is drawn from storage tanks using a feed pump. The 

first preheat train of the heat exchangers network (HEN) raises the temperature from 25°C to 

150°C, and the second train uses a furnace to raise the temperature from 150°C to 300°C. The 

outlet from the furnace is going to ADC (Atmospheric distillation column). ADC is equipped 

with 29 trays and feed enters flash zone between 3 and 4 trays with temperature and pressure 

300°C, 1.5 bar-g respectively. The CDU aims to refine the crude oil to many fractions. These cuts 

include Naphtha, Kerosene, Gasoil and Reduced crude residue. The L.N is extracted from the top 

column, condensed, and then transferred to the reflux drum. From there, the off gas is burned off. 

In the reflux drum, L.N is returned to the top of the column for further processing, while a portion 

of it is directed towards the product. H.N I and H.N II have been withdrawn from the 24th and 

22nd trays, respectively. Kerosene is withdrawn from tray no. 15 and flows to the stripper column. 

Gasoil is withdrawn from tray no. 9 and flows to the stripper column then cooled. After Gasoil is 

cooled, it is pumped around to tray 8 and part of it sent to product. The pump around specifications 

are provided in Table (3) and Table (4) provides the specifications for the side strippers.  

Table (3): properties of Pump around Gasoil 

Position between the trays. Volume Flowrate. (m3/hr) Return temp. °C 

8 and 9 3 60 

 

Table (4): Steam mass flow rates and product flow rates for strippers 

Strippers Steam mass Flowrate (kg/hr) Product, (m3/hr) 

Kerosene 75 6 

Gasoil 125 9 

 

The residual components in the atmosphere are removed in the lower part of the distillation 

column. The lowermost steam enters tray 1 with a flow rate of 300kg/hr at a temperature of 220˚C 

and a gauge pressure of 5 bar. The pressure at the top of the ADC is 0.75 bar-g, while the pressure 

at the bottom stage is 1.2 bar-g. Figure (4) shows the crude distillation unit of the refinery, consists 

of 29 stages, a partial condenser, two side strippers, and one pump around. 
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Fig. (4): Typical Crude Distillation Unit and Associated Unit Operations 

Through the partial condenser, 8 m3/hr of Light Naphtha and 0.4 m3/hr of water stream are 

generated. 1 m3/hr is also the off-gas production rate from the partial condenser. The liquid 

naphtha and gas mixture that exits the overhead condenser at around 60 ˚C can be used as fuel for 

the furnace or transferred to the flare. From the bottom of the tower, 42 m3/hr of crude atmospheric 

residue is produced. The bottom plate of each side stripper produces a straight run output. Using 

steam to strip the kerosene side stripper allows for a 6 m3/hr output, while steam stripping the 

gasoil side stripper yields 9 m3/hr of gasoil. 

Aspen HYSYS V.14 was utilized for process simulation due to its robust capabilities in 

modeling and optimizing refinery processes. This software is widely recognized in the industry 

for its accuracy and reliability in simulating complex distillation units [ 27]. The decision to use 

aspen HYSYS was influenced by its ability to provide precise control over process parameters 

and its extensive database, which includes the properties of various hydrocarbons and their 

behavior under different conditions [28]. The aspen HYSYS environment develops a steady-state 

model for the atmospheric distillation column of the refinery, which we use for simulation. For 

the thermodynamic behavior of streams, the Peng-Robinson property package is chosen. 

Selecting the right fluid package in aspen HYSYS is critical for precisely modeling the system's 

thermodynamics and equilibrium. The fluid package, or thermodynamic model, is used to 

calculate properties including phase behavior, heat capacity, enthalpy, and vapor-liquid 

equilibrium [29]. After the feed, product, and other streams have been defined, the simulation can 

start by defining the design variables. All product streams' flowrates in the simulation are fixed, 

including L.N., H.N., kerosene, gasoil, off gas, and residue. Figure (5) shows an ADU that 
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separates the crude into its straight run products after heating the liquids in a pre-fractionation 

train. Figure (6) shows the flow diagram of the simulated refinery process and the data input 

stages for the simulation block. 

 

Fig. (5): Simulation of preheat trains and CDU 

 

Fig. (6): Distillation column sub flow sheet in aspen HYSYS 

 

 

The ASTM D86 distillation method for products was employed to validate the simulation results 
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due to its standardization and widespread acceptance in the industry for determining the boiling 

range characteristics of petroleum products. This method provides a clear and consistent basis for 

comparing the simulated results with actual laboratory data, ensuring the reliability and accuracy 

of the findings [30]. The alignment of simulation results with laboratory ASTM D86 distillation 

curves was crucial for validating the model's accuracy. This validation step ensures that the model 

making the findings robust and applicable to real-world scenarios [31]. After model validation, 

the column hydraulic tool in aspen HYSYS was used to model the column internals. With the aid 

of hydraulic plots, the operating conditions of each tray were determined to identify hydraulic 

issues and observe how they affect other process variables.  Distillation column consists of 29 

valve trays (Ballast-V1). There are two main tray diameters (1.52 m, 2.13 m), resulting in varying 

numbers of holes per tray. One-pass trays in the column, tray spacing, weir, and down comer 

configurations were simulated appropriately as specified in the column data sheet. Figure (7) 

shows hydraulic plot of distillation column in aspen HYSYS. 

 

Fig. (7): Hydraulics plots of ADU 

 

3. Results and Discussion 

3.1. Comparison between simulation and actual results for distillation products 

 Figures (8) to (11) illustrate the comparison between the simulation results obtained using 

aspen HYSYS and the actual plant data for several distillation products, including L.N., H.N., 

kerosene and gasoil, as per ASTM D86 distillation curve standards. 



    
Journal of Petroleum Research and Studies                             Vol. 16. No. 01, March 2026, pp. 149-166 

 

159 

 
              Fig. (8): Simulated and plant data ASTM D86 curves of L.N 

 

 
           Fig. (9): Simulated and plant data ASTM D86 curves of H.N 

 

 

Fig. (10): Simulated and plant data ASTM D86 curves of Kerosene 
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Fig. (11): Simulated and plant data ASTM D86 curves of Gasoil 

 

3.2. Results for Model Validation 

For validation purposes, the coefficient of determination (R²) is a crucial statistical metric that 

quantifies how well the regression predictions align with the actual data points [32]. An R² value 

of 1 signifies a perfect fit between the regression predictions and the observed data [33]. In this 

study, the R² values for light naphtha (L.N), heavy naphtha (H.N), and gasoil exceeded 0.93, 

demonstrating a strong correlation between the simulation outcomes and the experimental data. 

However, the R² value for kerosene was 0.86, which, while still indicative of a reasonable fit, 

suggests the need to consider the limitations and uncertainties inherent in experimental 

measurements. Factors such as measurement accuracy, instrumentation precision, and process 

variability may have contributed to the observed discrepancies [34]. 

3.3. Analysis of Hydraulic Performance 

 Model validation suggests that the simulation model accurately predicts the behavior of the 

distillation columns and provides reliable results for the study. Once the process model was 

complete, the column hydraulic tool in aspen HYSYS was used to model the column internals. 

The operating conditions of each tray were determined using hydraulic plots to identify hydraulic 

issues and observe their impact on other process variables. Changes in the tray hydraulic condition 

were monitored via color changes in the hydraulic plot diagram in aspen HYSYS. A blue color 

means that the tray includes the region of satisfactory operation. A yellow color signifies that the 

tray closes to the limit of operability, while a red color signifies that the tray has exceeded the 

limit of operation. Figure (12) shows hydraulic plot in aspen HYSYS for atmospheric distillation 

column. 
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Fig. (12): Hydraulic plot of trays 

As depicted in Figure (12), the rectifying section of the column, spanning trays 5 to 29, currently 

exhibits no hydraulic issues. Nevertheless, there are early indications of potential future 

complications, particularly observed in trays 5, 6, and 7. In contrast, the stripping section, from 

trays 1 to 4, encounters a weeping phenomenon. This issue is attributed to the deviation of both 

the vapor and liquid mass flow operating points from the acceptable operational region, thereby 

falling outside the safe operational envelope. Figures 13-16 shows weeping phenomenon for trays 

in stripping section. 

 

Fig. (13): Hydraulic issue of tray 1 
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Fig. (14): Hydraulic issue of tray 2 

 

 
Fig. (15): Hydraulic issue of tray 3 

 

 
Fig. (16): Hydraulic issue of tray 4 
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Due to the weeping phenomenon in the stripping section of the column, the volume flow rate of 

R.C.R distilled by 62% of the crude oil feed, amounting to 42 cubic meters per hour. This increase 

occurred because the vapor rates were too low to adequately support the R.C.R on the valve trays, 

allowing it to seep through the perforations. Consequently, this rise in R.C.R represents a loss in 

terms of the heavy-to-light product ratio, as the insufficient separation of light fractions within 

the R.C.R could not be achieved. Under similar operating conditions to those in the second 

atmospheric distillation unit at refinery, the atmospheric residue for medium crude oil (API 29.8) 

at a furnace temperature of 300°C is expected to be approximately 55-60% by volume. Any 

deviation from this expected range may indicate performance issues, which could be attributed to 

mechanical problems such as inadequate tray design, misalignment, or damage to the tray 

components. These issues can lead to insufficient liquid distribution and flow malfunctions, 

thereby affecting the efficiency of the distillation process [35]. Consequently, in our proposed 

study, the occurrence of the weeping phenomenon is attributed to mechanical causes. This 

necessitates prompt maintenance to address and repair the affected trays, ensuring the continued 

efficiency and reliability of the distillation process. 

 

4. Conclusions: 

This study employed advanced simulation techniques using aspen HYSYS V.14 to rigorously 

assess the hydraulic performance of atmospheric distillation tower trays at petroleum Refinery. 

Our findings elucidate several key aspects of tray efficiency, highlighting the crucial role of tray 

design and alignment in mitigating common operational issues such as weeping and flooding. 

Notably, the simulation results demonstrated a significant correlation with actual plant 

performance data, validating the predictive accuracy of our model. The theoretical contributions 

of this research lie in its detailed analysis of tray mechanics and the subsequent identification of 

specific hydraulic deficiencies within the lower trays of the stripping section. By addressing these 

deficiencies through targeted design improvements, this study offers a novel approach to 

enhancing distillation efficiency a critical factor in reducing operational disruptions and 

maintenance requirements in petroleum refineries. However, this study is not without its 

limitations. The scope of simulation was constrained by the initial configurations of the tray 

designs and operational settings provided by the refinery, which may not encompass all potential 

variables affecting tray performance. Future research should therefore expand on the variety of 

tray configurations and operational parameters to explore their effects on distillation efficiency 

more comprehensively. This research contributes significantly to the field by providing a 
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validated framework for using simulation tools in the optimization of refinery operations. It paves 

the way for more informed and strategic enhancements in refinery tray design, encouraging the 

academic and industrial communities to adopt similar methodologies in their practices. 
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