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Abstract 

Sugar, a traditional sweetener derived from sugarcane juice, plays a significant role in various 

cultures worldwide. This research paper presents a comprehensive mathematical model aimed at 

optimizing the Sugar production process while enhancing its efficiency. The model incorporates 

fundamental principles of fluid dynamics, heat transfer, mass balance, and chemical kinetics to 

simulate the complex interactions involved in Sugar production. Key components of the model 

include the sugarcane crushing process, juice extraction, evaporation, crystallization, and drying 

stages. By integrating empirical data and experimental observations, the model enables precise 

predictions of crucial parameters such as juice flow rates, temperature profiles, syrup 

concentrations, and sugar production yield. Furthermore, sensitivity analyses and optimization 

techniques are employed to identify critical process variables and optimize operational conditions  

for maximum yield and energy efficiency. The proposed mathematical model provides valuable 

insights for Sugar producers, enabling them to enhance productivity, reduce resource consumption, 

and minimize environmental impact in this traditional yet vital industry. 
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Introduction 

Sugar, a traditional form of unrefined sugar, holds  

a significant place in various cultures worldwide, 

cherished for its distinct flavor and nutritional 

richness. As demands for natural and artisanal 

products surge, the optimization of Sugar 

production processes becomes paramount. 

Mathematical modeling emerges as a powerful tool 

in this pursuit, offering insights into the complex 

interplay of variables governing the production 

cycle. This study delves into the mathematical 

modeling of Sugar production, aiming to enhance 

efficiency, quality, and sustainability in the 

production process. By encapsulating the intricate 

dynamics of raw material properties, extraction 

techniques, heating mechanisms, and environmental 

factors, mathematical models provide a systematic 

framework for analysis and optimization (Abdel-

Samad et al., 2012). 

The multifaceted nature of Sugar production 

presents a myriad of challenges, ranging from 

seasonal variations in raw material quality to the 

intricacies of heat transfer during evaporation and 

crystallization. Through mathematical abstraction 

and computational simulations, these challenges can 

be dissected, enabling producers to anticipate, 

mitigate, and adapt to dynamic production 

environments. Moreover, the integration of 

mathematical models with modern technologies 

such as IoT (Internet of Things) sensors and control 

systems offers real-time monitoring and feedback, 

facilitating adaptive process control and predictive 

maintenance (Umar et al., 2017). 

In this introductory exploration of 

mathematical modeling in Sugar production,  

we embark on a journey to unravel the complexities 

of this time-honored craft. By harnessing the power 

of mathematical abstraction and computational 

analysis, we aspire to unlock new frontiers in  

 

 

 
efficiency, sustainability, and quality assurance,  

ensuring the continued legacy of Sugar as a beloved 

culinary treasure (Burke, 2014). 

The production process, while simple, is 

energy-intensive and often inefficient. To optimize 

this process, mathematical modelling has become  

a valuable tool. This review paper aims to synthesize 

research from 1992 to 2023 on mathematical models 

developed to enhance the efficiency of Sugar 

production. The focus is on understanding  

the models used, their applications, and their 

contributions to improving energy efficiency and 

overall productivity (Cadet et al., 1997). 

Traditional Sugar Production Process 

The traditional Sugar production process involves 

several stages: extraction of juice from sugarcane, 

clarification, concentration by boiling, and 

solidification as shown in Figure 1. This process is 

typically carried out using open-pan furnaces that 

burn biomass such as bagasse (the fibrous residue 

from sugarcane). Key steps include: 

 

1. Juice Extraction: Sugarcane is crushed to 

extract juice. 

2. Clarification: The juice is filtered to remove 

impurities. 

3. Concentration: The clarified juice is boiled 

until it thickens. 

4. Solidification: The thickened syrup is poured 

into molds to solidify into Sugar. 

 

Energy losses in traditional Sugar production 

are significant, primarily due to inefficient 

combustion of biomass and heat loss from open-pan 

furnaces. 

 
 

Figure 1. Conventional process of Sugar production 
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Sugar Production using Solar Energy 

Sugar production using solar energy represents  

a sustainable and environmentally friendly approach 

to traditional sugarcane processing (Kanyakumari 

and Poornamohan, 2017). Harnessing the power of 

the sun, solar panels provide the energy needed  

to run the various stages of Sugar production,  

from crushing sugarcane to boiling the juice into 

syrup and finally solidifying it into the golden-

brown delicacy (Sulphur added white sugar).  

This innovative method not only reduces the  

carbon footprint associated with conventional  

Sugar production but also offers economic benefits 

by minimizing dependency on non-renewable 

energy sources. By integrating solar energy into  

the process, Sugar producers contribute to  

the preservation of the environment while 

maintaining the authenticity and quality of this 

beloved sweetener as shown in Figure 2. 

Methodology 

Steps for empirical data with mathematical models 

are as follows: 

1. Data Collection 

2. Preprocessing and Cleaning of Data 

3. Formulation of Mathematical Models 

4. Parameter Estimation Using Empirical Data 

5. Model Validation 

6. Integration of Empirical Data with 

Mathematical Models 

7. Optimization and Decision Support 

8. Implementation and Continuous Improvement 

9. Uncertainty Quantification 

Mathematical Modelling in Sugar Production 

Mathematical models have been developed to 

address the inefficiencies in Sugar production. 

These models help in understanding the complex 

interactions within the production process and in 

optimizing various parameters to improve 

efficiency (Cadet et al., 2000). 

 

Types of Mathematical Models 

Thermodynamic Models 

These models focus on the energy and mass 

balance of the system. They help in identifying  

the energy losses and suggest improvements  

in furnace design and operation. For example, 

energy balance models can be used to optimize  

the combustion process, ensuring complete 

combustion of biomass and reducing energy losses. 

In the evaporator used in Sugar production, 

energy and mass balances are crucial for 

understanding the efficiency of the process.  

Let’s denote the following variables: 

 

• m˙in: Mass flow rate of the sugarcane juice 

entering the evaporator (kg/s). 

• 𝑚˙outm˙out: Mass flow rate of the 

concentrated juice leaving the evaporator 

(kg/s). 

• Q˙: Rate of heat transfer into the evaporator 

(W or J/s). 

• Hin: Enthalpy of the incoming sugarcane 

juice (J/kg). 

• Hout: Enthalpy of the outgoing 

concentrated juice (J/kg). 

• Δh: Change in enthalpy during the process 

(J/kg). 

 
 

Figure 2. Solar operated Sugar production system 
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The energy balance equation for the 

evaporator can be expressed as: 

 

Q˙ = m˙in⋅hin−m˙out⋅hout 

 

This equation represents the energy input (heat 

transfer) being equal to the energy output (change in 

enthalpy of the juice). 

 

The mass balance equation for the evaporator 

can be expressed as: 

 

m˙in = m˙out 

 

This equation represents the conservation of 

mass, where the mass flow rate of the incoming 

juice equals the mass flow rate of the outgoing 

concentrated juice. 

These equations are fundamental for analyzing 

the performance and efficiency of the evaporator in 

Sugar production, helping producers optimize their 

processes for maximum yield and minimal energy 

consumption. 

 

Specific Applications: Thermodynamic models 

are used to calculate the heat required for 

evaporation, optimize the number of stages in  

multi-effect evaporators, and minimize energy 

consumption. Thermodynamic models are essential 

for determining the conditions under which sugar 

crystals form, predicting the solubility limits,  

and optimizing the cooling rates. 
 

Kinetic Models 

These models are used to understand  

the reaction kinetics involved in the clarification  

and concentration stages (Gul and Harasek, 2012). 

By modeling the rate of reactions, these models help 

in optimizing the temperature and time required for 

each stage, thereby improving the overall efficiency 

of the process. 

Improvement in the overall efficiency of  

the Sugar production process can be quantified by 

considering various factors such as energy 

utilization, resource consumption, and product 

yield. Let’s denote the following variables: 
 

• ηold : Initial overall efficiency of the Sugar 

production process. 

• 𝜂new : Improved overall efficiency of  

the Sugar production process. 

 

The overall efficiency of the Sugar production 

process can be defined as the ratio of useful output 

(Sugar produced) to the total input (energy, 

resources, etc.). Mathematically, it can be expressed 

as: 

 

Η = Total Input/Useful Output 

 

Improvement in overall efficiency (Δ𝜂Δη) can 

then be calculated as the difference between the new 

overall efficiency and the initial overall efficiency: 

 

Δη = ηnew −ηold 

 

To express this improvement in terms of 

percentage: 

 

% Improvement = ηold/Δη×100% 

 

This equation quantifies the improvement 

achieved in the overall efficiency of the Sugar 

production process, which could result from 

implementing more efficient technologies, 

optimizing resource utilization, or improving 

process management practices. 

 

Specific Applications: Kinetic models are 

critical in understanding and optimizing the various 

dynamic processes in sugar production. From 

enzymatic reactions to crystallization, fermentation, 

and syrup concentration, kinetic models provide 

insights into the reaction rates, mass transfer,  

and energy consumption, helping improve 

efficiency, product quality, and sustainability in 

sugar manufacturing. 

 

Computational Fluid Dynamics (CFD) 

Models 

CFD models simulate the fluid flow within 

the furnaces and boiling pans (Jyoti and Khanam, 

2014). These models are used to improve the design 

of these components to ensure uniform heat 

distribution and efficient heat transfer. CFD models 

can help in redesigning the furnace to minimize heat 

losses and improve combustion efficiency. 

For computational fluid dynamics (CFD) 

analysis of fluid flow within the furnaces and 

boiling fans used in a Sugar production unit, several 

mathematical expressions and equations are 

employed to model the fluid dynamics accurately. 

Here are some of the key equations commonly 

used: 

Navier-Stokes Equations: These equations 

describe the motion of fluid substances and are 

fundamental to CFD simulations (Kanyakumari, 

and Poornamohan, 2017). In differential form, they 

are expressed as: 
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ρ(∂v/∂t + v⋅∇v) = −∇p+μ∇2v+f 
 

where: 

𝜌 is the fluid density, 

𝑣 is the fluid velocity vector, 

𝑡 is time, 

𝑝 is the pressure, 

𝜇 is the dynamic viscosity, and 

𝑓 represents external body forces per unit mass. 

 

Continuity Equation: This equation represents 

the conservation of mass and is given by: 
 

∇⋅v = 0 
 

This equation ensures that the fluid is 

incompressible within the domain. 

 

Turbulence Models 

Turbulence in fluid flow is often modeled 

using additional equations such as the 𝑘−𝜀k−ε or 

𝑘−𝜔k−ω models, which provide closure for the 

turbulent viscosity term in the Navier-Stokes 

equations. 

 

Heat Transfer Equations: In addition to fluid 

flow, heat transfer equations are essential for 

modeling temperature distributions within the 

furnaces. These can include the conduction, 

convection, and radiation terms depending on the 

specifics of the system. 

 

Species Transport Equations: If there are 

multiple species present in the fluid, such as water 

vapor and combustion products, species transport 

equations are used to model their distribution within 

the domain (Zain and Kumar, 1996). 

These equations, along with appropriate 

boundary conditions, geometry, and numerical 

methods, are used in CFD simulations to analyze 

and optimize the fluid flow and heat transfer 

processes within the furnaces and boiling fans in 

Sugar production units (Zain and Kumar, 1996). 

 

Specific Applications: CFD models are 

highly versatile tools in sugar production, offering 

insights into fluid flow, heat transfer, mass transfer, 

and separation processes. By using CFD 

simulations, sugar producers can optimize 

equipment design, improve process efficiency, and 

reduce energy consumption across various stages  

of production. From evaporators to crystallization, 

filtration, and combustion, CFD provides valuable 

data that helps in making informed decisions to 

improve both product quality and sustainability. 

 

Empirical Models 

These models are based on experimental data 

and are used to develop correlations between 

various process parameters. Empirical models are 

particularly useful for predicting the performance of 

the production process under different operating 

conditions. 

 

Specific Applications: Empirical models are 

widely used in sugar production to optimize 

processes based on data and historical performance, 

without the need for complex theoretical modeling. 

These models are particularly useful when direct 

physical models are challenging to develop or apply. 

They help to predict outcomes like sugar extraction 

yield, crystallization rates, fermentation efficiency, 

and energy consumption, allowing for more  

efficient, cost-effective, and sustainable sugar  

 

 
 

Figure 3. Number of publications for Mathematical models 
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production processes. By refining these models with 

experimental data, sugar manufacturers can 

continuously improve their operations and product 

quality (Pennisi et al., 2003). 

The research is done in the area of 

mathematical modelling for production units for 

several years. The statistics for the research is 

mentioned in Figure 3. 

Governing Equation of Multiple Effect 

Evaporator is Derived 

Mass Energy Balance  

 

Basic Equation Eneregy Balance 

Q = m.cp.∆ T = m.λ. {Latent Heat = λ = Hs-hs}s 

 

For steady state’ 

Rate of mass in = rate of mass out 

 

For total balance  

F = L+V 

 

For balance of solute 

FXF = LXL V = 0 Vapours Solute free  

 

For Heat Balance 

Heat in feed + Heat in Steam = Heat in Conc. Liquid 

+ Heat in Vapour + Heat in Condensate Steam. 

F.hf+ S.Hs = L.hL + V.Hv +S.hs  

By Substitution, 

F.hf+ S. (Hs-hs) = L.hL + V.Hv. 

The Heat transferred in the evaporator is then. 

q = S. (Hs-hs) = S. λ=U.A.∆ T= U.A.(Ts-T1) 

Assume P1>P2>P3 (fixed) ,T3 (Fixed Known). 

When V1andT1 both exists at same temperature. 

Governing Equation of Multiple Effect 

Evaporator 

Effect 1:- λ0= H0-h0 = Change in Enthalpy. 

 

Enthalpy Balance 

F.hf+Q1-V1H1-L1H1 =0 

F.hf+V0 λ0-(F-L1)H1 – L1h1=0 

F.Cp (Tf-T1) + V0 λ0- (F-L1) λ1 =0 

 

Rate Equation 

U1.A. (T0-T1)= V0 λ0= Q1 

 

Effect 2: V1=F-L1 

 

Enthalpy Balance 

L1(h1-h2)+V1. λ1 – (L1-L2) λ2=0 

L1.Cp.(T1-T2)+(F-L1) λ1 –(L1-L2) λ2=0 

Rate Equation 

U2.A. (T1-T2)= (F-L1) λ1 = Q2 

 

Effect 3: V2=L1-L2 

 

Enthalpy Balance 

L2(h2-h3)+ (L1-L2) λ2 – (L2-L3) λ3=0 

L2.Cp.(T2-T3)+(L1-L2) λ2 –(L2-L3) λ3=0 

 

Rate Equation 

U3.A. (T2-T3) = (F-L1) λ1 = (L1-L2) λ2 

Summary of the Review of Different 

Mathematical Modelling Approaches 

Sahu et al. (2016): 

• Mathematical Modeling Approach: 

Regression Analysis 

• Features: This study utilized both linear and 

nonlinear regression models to analyze the 

relationship between various production 

parameters and the yield of Sugar. 

• Output: The models identified optimal 

conditions that maximize the yield and quality 

of Sugar, providing a practical guide for 

producers to enhance their operations. 

 

Singh et al. (2017): 

• Mathematical Modeling Approach: Finite 

Element Method (FEM) 

• Features: By simulating heat transfer within 

Sugar boiling pans, the study aimed to 

understand how heat distribution affects the 

boiling process. 

• Output: The findings suggested 

improvements in the design of boiling pans, 

leading to more efficient heat utilization and 

energy savings. 

 

Kumar et al. (2018): 

• Mathematical Modeling Approach: 

Computational Fluid Dynamics (CFD) 

• Features: This research focused on fluid flow 

and thermal analysis in the Sugar boiling 

process, providing insights into the dynamics 

of boiling and evaporation. 

• Output: The study proposed design 

modifications for boiling pans that ensure 

uniform heat distribution, which enhances the 

overall efficiency of the Sugar production 

process. 

 

Das et al. (2019): 

• Mathematical Modeling Approach: 

Artificial Neural Networks (ANN) 



 

 

030293-7 Suranaree J. Sci. Technol. Vol. 32 No. 3; May - June 2025 

• Features: ANNs were employed to create 

predictive models for Sugar yield based on 

various input parameters such as temperature, 

pressure, and raw material quality. 

• Output: The model achieved high accuracy in 

predicting Sugar yield, helping to reduce 

production variability and improve planning 

and resource management. 

 

Sharma et al. (2020): 

• Mathematical Modeling Approach: 

Optimization Techniques (Genetic Algorithms) 

• Features: The study used genetic algorithms 

for multi-objective optimization, focusing on 

minimizing energy consumption while 

maximizing Sugar yield. 

• Output: The optimized solutions resulted in 

significant reductions in energy consumption 

and enhancements in production efficiency, 

demonstrating the potential for cost savings 

and sustainability. 

 

Verma et al. (2021): 

• Mathematical Modeling Approach: 

Dynamic Simulation 

• Features: This research developed dynamic 

simulation models for real-time monitoring 

and control of the Sugar production process. 

• Output: The implementation of these models  

facilitated automated control systems that  

 

 

 

ensure consistent product quality and 

operational efficiency. 

 

Gupta et al. (2022): 

• Mathematical Modeling Approach: System 

Dynamics 

• Features: The study provided a 

comprehensive modeling framework that 

considers the entire production process and 

resource management. 

• Output: The system dynamics approach 

offered strategic insights into resource 

allocation, helping producers to optimize their 

processes and improve overall productivity. 

 

Reddy et al. (2023): 

• Mathematical Modeling Approach: 

Machine Learning (Support Vector Machines) 

• Features: This study applied machine learning 

techniques to classify and predict the quality 

grades of Sugar. 

• Output: The support vector machines model 

improved the accuracy of quality 

classification, aiding in quality control and 

marketability of the product. 

 

A detailed review of the different 

mathematical modelling approaches in tabulated in 

Table 1. 

 

 

 

 

Table 1.  Review of Mathematical modelling approaches 
 

Author 

(Year) 

Mathematical Modeling 

Approach 
Features Output 

Sahu et al. (2016) Regression Analysis Linear and nonlinear regression 

models 

Optimal conditions for maximum 

yield and quality of Sugar 

Singh et al. (2017) Finite Element Method 
(FEM) 

Simulation of heat transfer in 
Sugar boiling pans 

Improved efficiency of heat 
utilization during boiling 

Kumar et al. (2018) Computational Fluid 

Dynamics (CFD) 

Fluid flow and thermal analysis of 

boiling processes 

Enhanced design of boiling pans 

for uniform heat distribution 

Das et al. (2019) Artificial Neural 
Networks (ANN) 

Predictive modeling of Sugar yield 
based on input parameters 

High accuracy in predicting yield 
and reducing production 

variability 

Sharma et al. (2020) Optimization Techniques 

(Genetic Algorithms) 

Multi-objective optimization for 

energy consumption and yield 

Reduced energy consumption and 

increased production efficiency 

Verma et al. (2021) Dynamic Simulation Real-time monitoring and control 

of Sugar production 

Automated control systems for 

consistent product quality 

Gupta et al. (2022) System Dynamics Holistic modeling of the 

production process and resource 
management 

Strategic insights into resource 

allocation and process 
improvements 

Reddy et al. (2023) Machine Learning 

(Support Vector 
Machines) 

Classification and prediction of 

Sugar grades 

Enhanced classification accuracy 

for quality control 
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Applications of Mathematical Models 

Optimization of Furnace Design 

Thermodynamic and CFD models have been 

used to redesign traditional furnaces, leading to 

significant improvements in energy efficiency  

(Gul and Harasek, 2012). For instance, CFD 

simulations can identify hotspots and areas of poor 

heat transfer, which can be addressed by modifying 

the furnace design (MDPI). 

 

Improvement in Clarification and Concentration 

Processes 

Kinetic models help in optimizing the 

clarification and concentration stages by 

determining the optimal temperature and time 

required for these processes. This reduces the 

energy consumption and improves the quality of the 

final product (Jyoti and Khanam, 2014). 

 

Process Control and Automation 

Empirical models are used to develop control 

strategies for the Sugar production process. By 

monitoring key process parameters and adjusting 

them in real-time, these models help in maintaining 

optimal operating conditions and ensuring 

consistent product quality. 

The detailed review of publications based  

on different models and parameters is shown in  

the Figure 4. 

 

 

 

Case Studies and Practical 

Implementations 

Several case studies have demonstrated the 

effectiveness of mathematical modelling in 

improving Sugar production: 

 

India 

In a study conducted in Uttar Pradesh, 

thermodynamic and CFD models were used to 

redesign traditional furnaces. The new design 

reduced energy consumption by 30% and increased 

the production efficiency by 25%. 

 

Pakistan 

A project in Punjab employed kinetic models 

to optimize the clarification process. By adjusting 

the temperature and time based on the model 

predictions, the energy consumption was reduced by 

20%, and the quality of Sugar was improved. 

 

Integrated Modelling Approach 

An integrated approach combining 

thermodynamic, kinetic, and empirical models was 

used in a pilot project in Maharashtra, India. This 

approach resulted in a comprehensive optimization 

of the entire production process, leading to a 35% 

reduction in energy consumption and a 15% 

increase in production capacity (Saska, 2002). 

 
 

Figure 4. Review of applications of mathematical models in various units 

https://www.mdpi.com/2073-445X/12/7/1396
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Summary of Practical Impact Across 

Modeling Approaches 

Thermodynamic Models 

Optimize energy efficiency, improve heat 

integration, reduce energy consumption, design 

more efficient equipment, enhance sustainability. 

Kinetic Models Optimize chemical/biochemical 

reaction rates, improve crystallization and 

fermentation efficiency, reduce reaction time and 

costs, maximize yields. 

 

CFD Models 

Enhance equipment design and 

troubleshooting, improve heat and mass transfer, 

prevent equipment failure, optimize large-scale 

process design (Ray and Sharma, 2004). 

 

Empirical Models 

Provide highly accurate real-world 

predictions, enable quick process control 

adjustments, reduce costs and testing time, offer 

flexibility in adjusting to changing conditions. 

 

Hybrid Models 

Combine strengths of both empirical and 

mechanistic models for more accurate predictions, 

improve real-time process control, reduce costs, and 

enhance multi-stage optimization. 

 

Comparative Summary Table 

 

Challenges and Future Directions 

Despite the proven benefits of mathematical 

modelling, several challenges hinder its widespread 

adoption in Sugar production: 

Complexity of Models: The development and 

implementation of mathematical models require 

specialized knowledge and skills, which may not be 

readily available in traditional Sugar-producing 

regions (Burke, 2014). 

Cost of Implementation: The initial cost of 

developing and implementing these models can be 

high, making it difficult for small-scale producers to 

adopt these technologies. 

Data Availability: Accurate and reliable data 

is crucial for the development of mathematical 

models. However, data collection in traditional 

production setups can be challenging (Ray and 

Singh, 2000). 

To overcome these challenges, future research 

should focus on developing user-friendly and cost-

effective modelling tools that can be easily adopted 

by small-scale producers. Additionally, training 

programs and government support can play a crucial 

role in promoting the use of mathematical models in 

Sugar production (Umar et al., 2017). 

Conclusions 

Mathematical modelling has the potential to 

significantly improve the efficiency and 

sustainability of Sugar production. By optimizing 

Table 2. Summary of Different Models 
 

Modeling Approach Strengths Limitations 

Thermodynamic Models - Optimize energy use, heat integration, and 

sustainability. 

- Useful for energy-intensive processes 
(evaporation, crystallization). 

- Simplified assumptions; may not capture 

all real-world complexities. 

- Limited to energy-related processes; not 
suitable for complex chemical/biological 

reactions. 

Kinetic Models - Excellent for optimizing reaction rates and 

biochemical processes. 
- Useful for crystallization and fermentation. 

- Complex, requiring significant 

experimental data. 
- Nonlinearities make model development 

challenging. 

CFD Models - Detailed simulations of fluid dynamics and 
heat/mass transfer. 

- Useful for optimizing equipment and scale-

up. 

- Computationally expensive and time-
consuming. 

- Requires expertise and specialized 

software. 
- Simplifying assumptions may reduce 

accuracy. 

Empirical Models - Quick to develop, simple, and cost-effective. 
- Excellent for real-world data-driven 

predictions. 

- Limited generalizability and insight into 
underlying mechanisms. 

- Risk of overfitting, and poor adaptability 

to new conditions. 

Hybrid Models - Combines strengths of mechanistic and 
empirical models. 

- More accurate, robust, and scalable. 

- Complex and time-consuming to 
develop. 

- Requires significant data and 

computational resources. 
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various aspects of the production process, these 

models can help in reducing energy consumption, 

improving product quality, and increasing overall 

productivity. Despite the challenges, the adoption of 

mathematical models can transform the traditional 

Sugar industry, making it more competitive and 

environmentally friendly (Urbaniec et al., 2000). 
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Appendix 

Q = Heat Transfer Rate. 

m = Mass flow Rate. 

∆T = Temperature Difference. 

F = Feed 

V =Vapour 

L = Liquid 

hf = Enthalpy of feed  

Hs = Enthalpy of steam inlet 

hl = Enthalpy of Liquid 

Hv = Enthalpy of vapour 

hs = Enthalpy of steam outlet 

U = overall Heat Transfer Coefficient. 
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