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Abstract 

Heat exchangers are the fundamental parts in 

cryogenic cycles. Thermo-monetary 

contemplations set the requirement for high-

viability hardware and exact models. This 

present circumstance is trying because of the 

complex working circumstances and the way that 

a few actual impacts, like changes in liquid 

properties, stream maldistribution, hub 

conduction and intensity spillage, cannot be 

disregarded. In this work, an orderly survey of 

the state of art and challenges in modeling 

cryogenic heat exchangers is presented. They 

incorporate lumped boundaries, circulated 

boundaries and stream-advancement models. 

These definitions neglect to consider every 

pertinent impact. An overall conversation on the 

presentation of the looked into models is 

introduced.  

 

The current survey intends to familiarize energy 

experts and partners with the most recent 

accomplishments, developments, and patterns in 

the field of cryogenic intensity exchangers, with 

specific accentuation on their applications to 

LAES frameworks utilizing renewable energy 

assets. Significant developments in curl wound 

and plate-balance heat exchanger plan and 

simulation strategies are investigated among 

others, while extraordinary consideration is 

given to regenerators as a forthcoming part of 

cryogenic energy stockpiling frameworks. This 

survey additionally uncovers that the geological 

spread of research and advancement exercises 

has as of late extended from deeply grounded 

focuses of greatness to rather dynamic arising 

foundations all over the planet 

 

Keywords: Cryogenic heat exchanger; Thermal 

Performance Models; Critical review; Heavy 

industrial applications. 

 

Introduction:  

Heat exchangers are among the 

important parts of cryogenic systems. To 

accomplish great by and large energy 

execution of the systems, which not set 

in stone by the energy necessities of the 

compressors, cryogenic intensity 

exchangers ought to be intended to work 

at generally little temperature contrasts. 

This requires enormous intensity move 

regions and in this way massive 

hardware with high beginning expense. 

High viability is important for such 

intensity exchangers to be cost 

productive. It has been exhibited that a 

1% expansion in the viability of a 

cryogenic intensity exchanger, utilized in 

an air detachment plant, diminishes the 

blower power utilization by 5%. 

 

The modern utilizations of cryogenic 

advances can be aggregate marised in 

three classifications: (1) process cooling; 

(2) division and refining of gas 

combinations; and (3) liquefaction for 

transportation and capacity. The 

cryogenic business has encountered 

nonstop development somewhat recently, 
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which was for the most part determined 

by the overall improvement of 

condensed petroleum gas (LNG) 

projects. The LNG innovation gives a 

financially possible approach to shipping 

flammable gas over significant distances 

and right now represents almost 30% of 

the worldwide exchange of this asset. 

Flammable gas liquefaction requires 

huge cryogenic intensity exchangers, 

where petroleum gas is cooled, 

condensed and subcooled to 111 K. 

Some liquefaction cycles use separate 

intensity exchangers to play out the 

precooling or subcooling obligation, 

while others might require just a solitary 

multi-stream heat exchanger per creation 

train, usually alluded to as principal heat 

exchanger. The financial possibility of 

numerous LNG projects, taking into 

account the related capital and working 

expenses, is generally constrained by the 

presentation of the really cryogenic 

intensity exchanger. 

 

 
Fig. 1. Process flow diagram of the 

cryogenic carbon capture (Baxter et 

al. [28]) 

 

Literature survey: 

The paper by Carlsson et al. [1] provides a 

comprehensive review of statistical 

models predicting the Electrical Energy 

(EE) consumption of Electric Arc 

Furnaces (EAF). The authors aim to 

provide clarity to the subject and address 

the challenges and considerations imposed 

by statistical models, including data 

complexity and treatment, model 

validation and error reporting, choice of 

input variables, and model transparency 

with respect to process metallurgy. The 

review is structured around two main 

types of models: linear and nonlinear. The 

authors provide an overview of the input 

variables used in the models, modeling 

procedures, model performances, and 

furnace types. The paper covers a broad 

range of statistical models that have been 

used to predict EE consumption in EAFs, 

including regression models, artificial 

neural networks, fuzzy logic models, and 

hybrid models. One of the key 

contributions of the paper is the discussion 

of the challenges associated with modeling 

EE consumption in EAFs. These 

challenges include the lack of standardized 

data and data treatment methods, as well 

as the complex relationships between 

input variables and EE consumption. The 

authors also highlight the importance of 

model validation and error reporting, as 

well as the need for transparent models 

that can be easily understood by process 

metallurgists. 

 

Overall, the paper by Carlsson et al. [2, 3] 

provides a valuable resource for 

researchers and practitioners working in 

the field of EAF process optimization. The 

review highlights the strengths and 

limitations of different statistical models 

and provides insights into best practices 

for model development, validation, and 



AIJREAS                 VOLUME 8,  ISSUE 1 (2023, JAN)                      (ISSN-2455-6300)ONLINE 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 
 

 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com 

74 
 

reporting. 

 

The paper by Haider et al. [4] presents a 

novel approach for the transient simulation 

of cryogenic plate-fin heat exchangers 

(PFHE) using a three-dimensional model. 

The proposed model simplifies the 

complex geometry of a PFHE to a 

geometrically simple mesh, enabling the 

efficient simulation of large-scale 

industrial PFHEs. The authors 

demonstrate the effectiveness of the 

proposed model in both detailed 

engineering and lifetime investigations of 

flexible PFHEs.One of the key 

contributions of the study is the 

development of a simplified model that 

can accurately capture the complex 

behavior of PFHEs. The authors compare 

the results obtained from their model with 

those obtained from a detailed commercial 

software package and demonstrate that 

their model can accurately capture the 

performance of the PFHE. The proposed 

model can potentially lead to significant 

improvements in the design and 

optimization of PFHEs in cryogenic 

applications. 

 

The study also highlights the importance 

of lifetime investigations of flexible 

PFHEs. The authors investigate the effect 

of thermal cycling on the performance of 

the PFHE and demonstrate that the 

proposed model can accurately predict 

performance degradation due to thermal 

cycling. This can be useful in designing 

PFHEs that can withstand harsh operating 

conditions in cryogenic applications. 

Overall, the paper by Haider et al. 

provides a valuable contribution to the 

field of cryogenic heat exchangers by 

introducing a novel approach for the 

transient simulation of PFHEs. The 

proposed model can potentially lead to 

significant improvements in the design 

and optimization of PFHEs for cryogenic 

applications. 

 

The paper by Gupta et al. [5] presents a 

cryogenic heat exchanger test setup 

designed and fabricated to investigate the 

performance of plate-fin heat exchangers 

under cryogenic temperatures. The authors 

study the effect of mass flow rate on the 

performance of the heat exchanger and 

observe that with an increase in mass flow 

rate, there is an increase in effectiveness 

and pressure drop.One of the key 

contributions of the study is the 

development of a systematic approach to 

conducting experiments under cryogenic 

operating conditions. The authors 

emphasize the importance of accurately 

characterizing the cryogenic environment 

and the uncertainty level of the setup to 

ensure reliable experimental data. The 

study provides a detailed description of 

the experimental setup and measurement 

techniques used to obtain accurate data. 

 

The study also provides experimental data 

on the performance of plate-fin heat 

exchangers under cryogenic conditions. 

The authors demonstrate the effect of mass 

flow rate on the heat transfer and pressure 

drop characteristics of the heat exchanger. 

The experimental data can be used to 

validate and improve existing models for 

predicting the performance of plate-fin 

heat exchangers under cryogenic 

conditions. Overall, the paper by Gupta et 

al. provides a valuable contribution to the 

field of cryogenic heat exchangers by 

presenting a systematic approach for 

conducting experiments under cryogenic 

operating conditions and providing 

experimental data on the performance of 
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plate-fin heat exchangers. The results of 

the study can be used to validate and 

improve existing models for predicting the 

performance of heat exchangers under 

cryogenic conditions, and to design more 

efficient and reliable heat exchangers for 

cryogenic applications. 

 

The paper by Niroomand, R. et al. [6] 

describes the development of a large-size 

multistream plate-fin heat exchanger 

(MSPFHE) for an in-house-developed 

modified Claude cycle-based helium 

liquefier. The authors provide a detailed 

description of the thermal sizing and 

mechanical design of the MSPFHE, as 

well as a pressure drop analysis to 

compute the pressure drops across various 

components of the heat exchanger. After 

fabrication, pressure and leak testing, the 

MSPFHE is integrated with the rest of the 

process equipment and piping of the 

developed helium liquefier cold box. The 

authors compare the experimental results 

with the computed predictions based on a 

two-dimensional numerical model as well 

as the commercial software Aspen 

MUSETM, and report the results in the 

article. 

 

The paper highlights the importance of 

developing efficient and reliable heat 

exchangers for cryogenic applications, 

such as the helium liquefier. The 

MSPFHE developed in this study is a 

large- size multistream heat exchanger, 

which is designed to handle high mass 

flow rates and provide efficient heat 

transfer between the hot and cold streams. 

The authors demonstrate the use of 

numerical modeling and commercial 

software to predict the performance of the 

MSPFHE, which can be used to optimize 

the design and improve the efficiency of 

the heat exchanger. The experimental 

results validate the accuracy of the 

numerical models and provide valuable 

data for further optimization and 

improvement of the MSPFHE. 

 

Overall, the paper by Niroomand, R.  et al. 

[7] presents a valuable contribution to the 

field of cryogenic heat exchangers by 

providing a detailed description of the 

thermal sizing and mechanical design of a 

large-size multistream plate-fin heat 

exchanger for a modified Claude cycle-

based helium liquefier. The use of 

numerical modeling and experimental 

validation provides a valuable approach 

for optimizing the design and improving 

the efficiency of heat exchangers for 

cryogenic applications. 

 

The paper by Bose et al., [8] 2020 

investigates the use of nanoparticles in 

enhancing the thermal performance of 

cryogenic fluid in compact heat 

exchangers. The study found that the 

addition of nanoparticles led to a 15-30% 

increase in thermal performance without 

significant increases in pumping pressure. 

The j/f^(1/3) factor, which represents heat 

transfer enhancement, was also improved. 

 

In contrast, Wang et al., [9] 2020 used 

computational fluid dynamics (CFD) to 

study the thermal performance of 

cryogenic compact heat exchangers. The 

results showed that cryogenic conditions 

have a significant effect on the design 

performance of heat exchangers, 

especially when considering the influences 

of fluid properties, materials, and AHC 

(apparent heat capacity). For accurate 

design calculations, different cryogenic 

fluids require specific heat transfer factors, 

and materials with high thermal 
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conductivity can increase the effect of 

AHC and reduce the performance of the 

CCHE. 

 

The results of Bose et al.'s [10] study 

indicate that adding nanoparticles to liquid 

helium can result in a significant 

improvement in heat transfer performance, 

with an enhancement of around 15-30% 

compared to liquid helium without 

nanoparticles. In contrast, the results of 

Niroomand et al.'s study suggest that 

thermally-induced maldistribution in 

MSPFHEs can actually decrease total heat 

transfer by 10.8%. Both studies provide 

important insights into heat transfer in 

different types of heat exchangers and 

highlight the importance of considering 

different factors that can affect heat 

transfer performance. 

 

Hu et al., [11] 2021 conducted an 

experimental study on the heat transfer 

characteristics of two-phase flow boiling 

in high-efficiency and pressure-resistant 

offset strip fins in plate-fin heat 

exchangers. The aim of the study was to 

optimize the plate-fin heat exchangers for 

use in cryogenic processing systems. The 

results of the study indicate that the heat 

transfer coefficient initially increases and 

then decreases as the vapor quality 

increases, with a maximum at vapor 

quality of 0.75-0.85. Additionally, the 

study found that the critical conditions of 

the bubbly-annular transformation and the 

annular-mist transformation occur at void 

fractions of 0.92 and 0.985, respectively. 

These findings provide important insights 

into the behavior of two-phase flow 

boiling in plate-fin heat exchangers, and 

can potentially help optimize the design 

and performance of such heat exchangers 

for use in cryogenic processing systems. 

 

Merdhan and Kadhim, [12] 2021 

conducted an investigation on the effects 

of the number of tubes and flow directions 

on the heat transfer coefficient of a cross-

flow heat exchanger. The investigation 

involved studying different lengths of 

smooth copper tubes with different passes 

to determine the best length for heat 

transfer. The results of the investigation 

suggest that increasing the length of the 

tube leads to an increase in the rate of heat 

transfer, but also increases the pressure 

drop. Additionally, an increase in water 

temperature results in an increase in the 

rate of heat transfer and heat transfer 

coefficient for water. The rate of heat 

transfer and the coefficient of heat transfer 

for finned tubes were found to be higher 

than for smooth tubes. Furthermore, an 

increase in air velocity leads to an increase 

in the external heat transfer coefficient, 

and an increase in the volumetric flow rate 

leads to an increase in pressure drop. 

 

Interestingly, the direction of the flow in 

the tubes (vertical and horizontal) did not 

affect the rate of heat transfer, and the 

enhancement ratio of the rate of heat 

transfer for finned tubes to smooth tubes 

was found to be equal to 21.44%. These 

findings provide important insights into 

the effects of various factors on the heat 

transfer coefficient in cross-flow heat 

exchangers and can potentially help in 

optimizing their design and performance. 

 

Yuancheng Lin et al., [13] 2022 used a 

top-down energy efficiency analysis to 

develop a Societal Waste Heat Accounting 

model to quantify the waste heat potential 

in China. This model was used to indicate 

the total amount, sector and temperature 

distribution, and the ability to perform 
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work of waste heat in China in 2018. The 

results of the study suggest that waste heat 

accounted for 42% of the total primary 

energy in China, and utilizing waste heat 

has the potential to save 26% of primary 

energy and carbon emissions. The 

electricity generation sector was found to 

be the main source of waste heat, 

accounting for 45% of the total, with 88% 

of the waste heat being below 100 °C. On 

the other hand, the industry sector has a 

wide range of temperatures, mostly above 

300 °C, indicating the highest ability to 

perform work. 

 

These findings provide important insights 

into the waste heat potential in China and 

the sectors that have the highest potential 

for utilizing waste heat. The Societal 

Waste Heat Accounting model developed 

by the authors could be used to guide 

policy decisions and the development of 

waste heat recovery technologies to 

improve energy efficiency and reduce 

carbon emissions. 

 

Rocio Llera et al., [14] 2022 conducted a 

study on the feasibility of using heat pipe 

technology for generating steam by 

utilizing the energy contained in 

combustion fumes from reheating 

furnaces. The study is the first of its kind 

to explore the technical viability of this 

technology under laboratory conditions, 

and it reported efficiencies between 39.7% 

and 62.7%. 

 

The laboratory results were then 

extrapolated to the conditions of a real 

steel plant, and it was estimated that 65% 

of the plant's steam needs could be met 

using heat pipes. This has the potential to 

lead to substantial savings in steam 

purchases and carbon taxes, making the 

technology economically viable. 

Additionally, the study confirmed the 

environmental viability of the technology 

through a comparative life cycle analysis, 

which revealed significant reductions in 

environmental impacts, including a 97% 

reduction in CO2 emissions. These 

findings suggest that heat pipe technology 

could be a promising option for generating 

steam from combustion fumes, with the 

potential for significant economic and 

environmental benefits. 

 

The study by Xiaojun Dong et al., [15] 

2022 investigates the frosting 

characteristics and heat transfer in a 

confined flow channel. They designed a 

test rig to visualize the frosting process 

and considered variations in both humid 

air parameters and cooling surface 

temperature along the flow channel. The 

results showed that different factors 

dominated in different frosting stages, with 

the frost growth rate gradually decreasing 

overall but increasing slightly in the 

middle of the frosting stage due to the 

rising humidity ratio. Lower cooling 

surface temperature and higher humidity 

ratio were found to be conducive to greater 

and earlier frost growth rates. The study 

also found that the proportion of latent 

heat transfer rate along the flow gradually 

lessened in the parallel flow case but 

increased in the counter-flow case. The 

counter-flow case also had a larger 

average frost thickness and greater frost 

accumulation and heat transfer rate 

compared to the parallel flow case with 

different humid air parameters at the inlet. 

 

The study by Fritsch et al., [16] 2022, 

focused on the behavior of plate-fin heat 

exchangers under dynamic operating 

conditions. The study utilized distributed 
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temperature and strain measurements to 

investigate the temperature gradients that 

occur in all directions of the heat 

exchangers during operation. These 

temperature gradients resulted in varying 

strains, which can have significant effects 

on the performance of the heat exchanger. 

The study was conducted on a cryogenic 

test rig and aimed to provide information 

for the proper instrumentation, design, and 

operation of plate-fin heat exchangers in 

dynamic processes. 

 

The second study by Zhu et al., [17] 2023, 

focused on the design and optimization of 

a large flow plate-fin heat exchanger in a 

cryogenic system. The study utilized 

experimental results to verify the accuracy 

of the design method and showed that the 

outlet temperature of the high-pressure 

side at 10 g/s was 2.983 K, which was 

within 6% of the design calculation. The 

study also optimized the heat exchanger 

according to ideal constraints and showed 

that the outlet temperature of the high-

pressure side was 2.235 K. The study 

provides important information for the 

design and optimization of plate-fin heat 

exchangers in cryogenic systems. 

 

The study by Mohammad Yazdani-Asrami 

et al., [18] 2022, focused on the selection 

of a cryogenic cooling system for 

superconducting machines in different 

applications. The study provided insights 

into the design, operation, and condition 

monitoring constraints that are crucial for 

electric machine engineers and designers 

to consider while selecting and using a 

cryogenic cooling system for 

superconducting machines. The study 

discussed various concerns related to 

cooling fluids, heat loads, economic 

considerations related to coolants and 

cryocoolers, mechanical-related issues, 

and reliability-related issues and 

challenges. Additionally, specific 

considerations and limits for some 

applications of superconducting machines 

were discussed separately to help readers 

and engineers understand the specific 

requirements of different applications. 

Overall, the study provides important 

information for electric machine engineers 

and designers who are working with 

superconducting machines and need to 

select and use a cryogenic cooling system 

for optimal performance and reliability. 

 

The study by Richard L. Colwell et al., 

[19] 2022, focuses on multi-layered 

explosion-bonded piping joints that are 

used to provide a leak-tight joint in 

industrial applications. These joints are 

composed of multiple layers of different 

alloys, such as 304L SS, Ni 200, Ti, Al, 

and Al-Mg, that are explosion bonded 

together. The study analyzes a few recent 

failures of these joints and reveals 

interesting properties on a micro scale 

within the nickel layer, adjacent to the 

titanium-nickel interface. The study 

discusses the morphology of cracks 

observed in the joints and explores the 

potential causes of these failures. Overall, 

the study provides important insights into 

the performance and failure modes of 

multi-layered explosion-bonded piping 

joints. The findings can be used to 

improve the design and operation of these 

joints in industrial applications and 

prevent failures that can result in safety 

hazards and economic losses. 

 

The study by Praveen Barmavatu et al., 

[20] 2022, focuses on the design of an 

effective Plate-Fin Heat Exchanger 

(PFHX) with composite materials such as 
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SS316 + copper and SS304 + Flyash. The 

PFHX is designed in a counterflow type 

and is brazed together using the methods 

of salt bath brazing and vacuum 

brazing.The study presents an analytical 

formulation of heat transfer and fluid flow 

in PFHX design to predict the 

enhancement of heat transfer and overall 

heat transfer coefficient. A finite 

difference method is suggested for 

analyzing the hot and cold fluids, and 

Quantum particle swarm optimization 

with the radial basis function is proposed 

for accurate prediction of heat transfer 

enhancement. 

 

The findings of the research demonstrate 

that the design structure of PFHX with the 

composite materials is analyzed using a 

microscopic approach and eroded test. The 

study is performed using various types of 

coolants, namely MFC, ECSTAR, and 

TFC anti-freeze coolants with water, and 

the thermophysical properties of the 

coolants are also analyzed. Overall, the 

study provides important insights into the 

design and optimization of Plate-Fin Heat 

Exchangers with composite materials, 

which can lead to improved performance 

and efficiency of these heat exchangers in 

various industrial applications. The 

findings can also be useful for the 

development of new and innovative heat 

exchanger designs using composite 

materials. 

 

The study by Yakovlev et al., [21] 2022 

focuses on the operation principles of 

cryogenic supply systems for power High-

Temperature Superconductor (HTS) 

systems. The study describes two non-

flow (autonomous) cryogenic supply 

systems and examines their operating 

principles. The gas circuit of a cryo-

refrigerator is used in one of the cryogenic 

supply systems and uses neon instead of 

helium. This substitution makes it possible 

to decrease the number of compression 

stages in compressors by several fold and 

also reduces losses of the working fluid in 

the circuit when leakage occurs. The use 

of turbomachines and gas bearings allows 

for substantially increasing the overhaul 

period of the cryo-refrigerator to over 

30,000 hours. 

 

The study provides important insights into 

the use of neon as a replacement for 

helium in cryogenic supply systems, 

which can lead to improved efficiency and 

reduced costs. The use of turbomachines 

and gas bearings can also increase the 

lifespan and reliability of cryo-

refrigerators. The findings of this study 

can be useful for the design and 

optimization of cryogenic supply systems 

for power HTS systems and other 

cryogenic applications. 

 

The study conducted by Navid Khallaghi 

et al., [22] 2022 focused on the removal 

of CO2 from blast furnace gas (BFG) 

using Ca-Cu looping technology 

integrated with a cryogenic CO2 

separation unit. The study revealed that 

this method is more cost-effective due to 

the higher CO2 content in the BFG 

compared to other off-gases. Aspen 

Plus® was used to develop process 

modeling and performance evaluation, 

and the results showed an overall energy 

efficiency of 75.9%. However, the high 

cost of the plant (456.4 M€) was 

attributed to the high capital cost of the 

CASOH reactors (256.5 M€). The study 

also considered the revenue generated 

from heat recovery and hydrogen-
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enriched syngas production, resulting in 

a total annualized cost of 118.1 M€ and a 

cost of CO2 capture of 66.5 

   €/tCO2. 

 

The study by P. Barral et al., [23] 2022 

presents a mathematical model that 

assesses the transient behavior of 

temperature in a cross-section of a BF 

(blast furnace) main trough during a 

complete campaign. The study aims to 

investigate the impact of casting stops on 

the temperature in the trough. The 

researchers use the process data of a BF to 

determine a sequence of problems 

corresponding to each tapping and 

subsequent stop. The FEniCS open-source 

finite element computing platform is used 

to solve the model. The numerical results 

indicate that the effect of the stops during 

the campaign cycles is significant, 

preventing the bulk of the solid layers 

from reaching a steady state. The 

discretization and numerical algorithm are 

presented and validated with a 

manufactured solution test in previous 

work. 

 

Bohong Wang et al. [24] (2022) proposed 

a method for optimizing heat exchanger 

networks (HEN) that considers plate heat 

exchangers (PHEs) and incorporates 

detailed PHE design. The method utilizes 

a mathematical model based on the 

Advanced Grid Diagram, which optimizes 

the HEN structure to minimize energy 

consumption costs while ensuring 

thermodynamic feasibility. SThe method 

also includes a heat exchanger type 

selection process that uses a graphical tool 

to identify feasible heat exchanger types. 

This selection process considers the 

temperature range of the PHEs to avoid 

temperature violations and integrates area 

calculation and cost calculation with 

detailed heat exchanger design. 

 

The integration of detailed PHE design in 

the HEN optimization process is crucial as 

PHEs have specific design requirements 

that must be met to ensure efficient heat 

transfer. The proposed method provides a 

comprehensive approach to HEN 

optimization that accounts for PHE design 

requirements, thus improving the overall 

efficiency and performance of the system. 

Overall, this method can be applied to a 

wide range of HEN optimization 

problems, providing engineers with a 

powerful tool for improving energy 

efficiency and reducing operating costs in 

various industrial processes. 

 

Dildar Gürses et al. [25] (2022) conducted 

a study on the economic optimization of 

plate fin heat exchangers (PFHE) using a 

novel optimization algorithm called the 

Artificial Gorilla Troops Optimization 

Algorithm (AGTOA). The optimization 

challenge involved minimizing the initial 

and running costs of the PFHE by 

optimizing several design variables while 

ensuring critical boundary conditions are 

met. To assess the performance of the 

AGTOA, the statistical results obtained 

were compared with nine benchmark 

algorithms. The study found that the 

AGTOA is a robust optimization 

algorithm that was able to obtain the best 

results with a 100% success rate compared 

to the other algorithms. The results 

showed that AGTO is effective in solving 

complex optimization problems in a cost-

effective manner. 

 

The study concluded that AGTO can be 

applied to various engineering design 

optimization applications, including the 
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optimization of PFHEs. This algorithm can 

provide a cost-effective approach to 

optimizing thermal system components, 

leading to improved efficiency and 

reduced operating costs. The use of 

AGTOA can thus provide an effective and 

efficient way to optimize plate-fin heat 

exchangers while minimizing initial and 

running costs. 

 

Paul Christodoulides et al. [26] (2022) 

conducted a comprehensive review of 

conventional waste heat recovery (WHR) 

technologies, their use in various 

industries, and their limitations. The study 

also explored alternative "new" 

technologies and their potential for 

achieving energy and cost savings. The 

review of conventional WHR technologies 

included various approaches, such as heat 

recovery from exhaust gases, heat 

recovery from process streams, and heat 

recovery from cooling water streams. The 

limitations of these technologies were also 

discussed, including their low energy 

efficiency, limited temperature range, and 

high capital costs. 

 

The study also explored alternative "new" 

technologies such as thermoelectric 

generators, organic Rankine cycle, and 

supercritical CO2 cycles, which have the 

potential to overcome the limitations of 

conventional technologies and provide 

higher energy and cost savings. In 

addition, the study presented a 

comprehensive review of case studies 

involving the application of WHR 

technologies in various industries. These 

case studies showed the potential for 

significant energy savings and cost 

reductions. 

 

The study concluded that the information 

presented could be used to determine 

target energy performance, as well as 

capital and installation costs, for 

increasing the attractiveness of WHR 

technologies and promoting their 

widespread adoption by industries. The 

review of conventional and alternative 

WHR technologies and the case studies 

presented in this study provide valuable 

insights for researchers, engineers, and 

decision-makers to identify suitable WHR 

technologies and implement them in 

various industrial processes. This study 

can be useful for researchers and engineers 

working on waste heat recovery systems 

using thermoelectric conversion 

technology. 

 

The study by Vaso Manojlović et al. [27] 

(2022) utilized various machine learning 

and data processing methods to evaluate 

the energy efficiency parameters of the 

electric arc furnace process. The data set 

used in the study was collected over five 

years in a steelmaking factory and 

consisted of 42 features. The data was 

divided into training and test sets for 

model training and evaluation. Extensive 

data management was performed to 

improve the data quality and machine 

learning model performance. The study 

found that selected models showed similar 

performance, but the artificial neural 

network displayed greater flexibility when 

changing targets. The results suggested 

that a data-centric approach was more 

effective in improving model performance 

than a model-centric approach. 

Additionally, using the partial dependence 

plot and SHAP method, the study gained 

insight into the correlation between each 

parameter and the target. 

 

Baxter et al., [28] 2009 investigated the 
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performance of a plate-fin heat exchanger 

(PFHE) in cooling a CO2 and N2 mixture 

with cold N2 gas. They explored how inlet 

temperature, CO2 concentration, pressure 

drop, and mass flow rate affect the PFHE's 

effectiveness. On the other hand, Xu et al., 

2022 compared different fin models and 

analyzed the performance of different fin 

combinations. They found that the single-

layer fin model did not accurately 

represent the double- layers fin model in 

terms of flow distribution and fin 

performance. Waste heat recovery is an 

important area of research and 

development, as it has the potential to 

significantly reduce energy consumption 

and greenhouse gas emissions in industrial 

processes. The iron and steel industry is a 

particularly energy-intensive sector, so 

finding ways to recover waste heat in this 

industry could have a significant impact on 

energy efficiency and sustainability. 

 

Thermal terminal analysis, exergy 

analysis, and mathematical modeling 

techniques are all useful tools for 

analyzing waste heat potential and 

identifying opportunities for recovery. By 

using these techniques, researchers can 

gain a better understanding of the sources 

and characteristics of waste heat in the 

iron and steel industry, as well as the 

potential for using this waste heat for 

various applications, such as heating, 

cooling, and electricity generation. 

Overall, this study provides valuable 

insights into the potential for waste heat 

recovery in the iron and steel industry and 

can serve as a useful reference for future 

research in this area. 

 

Summarized conclusion: 

Heat exchangers are key gear in cryogenic 

systems. Thermodynamic what's more, 

monetary contemplations set high-

effectiveness necessities, which bring 

about the requirement for precise models. 

The condition of the modelling on HE 

displaying for cryogenic applications is 

checked-on in this article. Cryogenic 

frameworks include two primary 

difficulties for the displaying of HE: 

complex cycles and non-immaterial 

physical impacts. The intricacy of the 

cycles incorporate huge temperature runs, 

various streams, two-stage stream and the 

utilization of multicomponent blends. The 

necessary exactness is to such an extent 

that actual impacts like changes in liquid 

properties, hub conduction, stream 

maldistribution and intensity in-spillage 

can't be disregarded.  

 

This survey also features the new 

progressions in the plan and activity of 

cryogenic intensity exchangers for huge 

scope applications. In the wake of being 

seriously utilized for air division for a long 

time, cryogenic HEs play found one more 

conspicuous part in petroleum gas 

liquefaction. Fluid Air Energy Stockpiling 

(LAES) is another modern application 

where cryogenic intensity exchangers are 

probably going to be utilized to a much 

more prominent degree in future. 
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