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Abstract – An essential challenge in designing successful energy conversion systems is the 

efficient transport of heat at temperatures, such that the system's heating source will extract 

its optimum thermodynamic potential. The heat transfer characteristics between the cast and 

the mould are done with conventional heat exchangers. The action of heat transfer between 

the cast and the sand mould is generally used and all three heat transmission types are 

investigated. The transmission of heat from the cast is easier for a die than for a sand mould. 

The thermal transition and the retraction behavior in solidification must be perfectly known 

because the sand mold is used in the majority of industrial usage for the diverse metal forms. 

Direct contact heat transfer, Sensible Heat Exchange, Heat Transfer within Spheres, Direct 

Heat Transfer Methods, Heat Transfer Analysis were all covered in this report. For the study 

of phase shift questions, theory and associations are used. Heat Convection with Phase 

Transition, Heat Exchanger Thermodynamics, Conduction, Convection, Radiation, Phase 

Change Heat Flow Characterization 
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INTRODUCTION 

Once two substances with different temperatures come into physical contact, direct contact heat 

transfer may occur. The implication is that the two compounds do not have a barrier separating 

them. Indirect heat transfer occurs where there is a surface between the two streams, or where the 

heat transfer unit is one of the closed forms. Heat transfer can be very effective thanks to the 

physical contact between the two currents. Energy may be transported between the two streams 

without an interfering wall by passing through minor thermal resistances. Furthermore, the 

absence of a wall can allow for a mass transfer operation. This is a desirable occurrence in some 

situations (open cooling towers), but it might not be in others. Direct contact heat transfer 

systems are often less expensive than their closed equivalents. Closed heat exchangers have 

higher thermal resistances, resulting in less heat transmission than open contact heat exchangers, 

which also leads to lower running costs. Furthermore, the equipment used for direct contact 

processes is typically less costly than that used for closed heat exchangers. Both of these factors 

will result in significant life-cycle cost savings for direct contact heat exchangers over closed 

heat exchangers. Direct communication processes come with certain intrinsic drawbacks. It is 

essential for the two streams to be at the same intensity. While this requirement does not always 

trigger major issues, it can be critical. Even, as previously stated, mass transfer through direct 

contact may not be desirable. The area of direct touch heat transfer has a broad variety of 

possible applications. With a few noteworthy cases, such as open feed water heaters and wet 

cooling towers, the reality is that few of these applications have been used extensively. There are 

many explanations for this, but one of the most important is that engineers are not as educated 

about the architecture of these devices as they could be. This chapter aims to expose some of 
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these possibilities in order to facilitate the development of more effective manufacturing 

processes. In order to fit a definition of direct touch processes into the confines of this chapter, 

some scope reduction is needed. Just a few of the more relevant applications would be listed here 

since direct communication of any number of generic streams is feasible (and most have been 

suggested to transmit heat). Solid–solid transport methods, as well as high-temperature 

conditions including toxic heat transfer, are not shielded. Even though open cooling towers are 

the most commonly used form of direct contact heat exchanger, they are not addressed in depth 

here. While Section 19.4 contains some material about cooling towers, it would be no way cover 

a large portion of the complete literature on the topic. Previous research on cooling towers is 

extensive, and it also employs highly technical construction methods. Current information is 

available to interested readers. Johnson et al. A literature study on the computer models for 

cooling tower performance projections was released (1987). Interactions between different 

substances and the same substances are investigated in the literature. For instance, the use of 

water in the scenarios of phase change, particularly the condensation of steam on liquid water, 

has attracted attention. The use of different fluids has squeezed the mind of citizens on the other 

hand. For example Sideman (1966) cited a considerable number of heat transfer literature in non-

mixable liquids several years ago and several papers have been published since then on the topic. 

Direct contact heat transfer 

Heat transfer between two or more mass streams without the intervention of an intervening wall 

is known as direct touch heat transfer. Concurrent, countercurrent, or even cross-flow mass 

streams are possible. The streams may be immiscible, partially miscible, or both. Liquid–liquid, 

liquid vapor, liquid solid, gas solid, and also solid are examples of two-stream direct contactors. 

Water air, water–steam, and water–organic liquid are three popular processes that have been 

thoroughly studied. Extensive research has also been done on fuel declines in an oxidizing 

gaseous system. There are a plethora of options. 

Direct contact heat transfer may occur at the interface of two continuous fluid sources, such as a 

gas streaming over a thin liquid layer or a dispersed spray pumped into a gaseous or vapour 

source. The former could entail hot gas quenching or fuel vaporization and combustion, while 

the latter could entail vapour condensation on droplets within the mist. Another explanation is 

the cooling of fine drops of a substance that is solidifying, such as when making glass beads or 

metal fired. 

Chemical reactions between the mass streams may occur in certain cases of direct-contact heat 

conversion, and one of the gas streams can be fully absorbed by the other. Easy sensible heat 

transfer will, of course, occur in the case of two immiscible liquids. 

When mass streams have at least one fluid, the fluid stream may be either laminar or turbulent; 

turbulence should be prevented in certain implementations because it may cause issues with 

mass stream classification or bulk fluid dynamical shifts. 

The fluid streams must always be at a single pressure, another function of direct touch processes. 

By pressing an external force into mass streams, many direct industrial contactors create relative 

flows. The effects of gravity and centrifugal forces are generally seen on two fluids of different 

densities, but electric or magnetic fields are possible to expose those fluids to the desired impact 

of relative fluid movement. 

Since the 1970s, direct contact heat transfer has gotten a lot of popularity, despite the fact that it 

lacks the maturity of other heat transfer methods. Direct touch heat transfer is discussed in detail. 

When considering the individual decreases, bubbles, or particles that make up the scattered 

phase, Heat transfer can be steady-state in the former, whereas the latter also has sporadic heat 
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transfer. If one fluid is a dispersed current, the bulk flow will appear to be in a constant state of 

energy transfer, as in a spray column or a 7-tray colonn, but intermittent heating is provided by 

the individual fluid components. A combination flow and heat transfer analysis is therefore 

essential. Because of this characteristic, direct touch heat transfer to models is much more 

dynamic than surface heat transfer. All the challenges of modeling multiphase movement and the 

complexity of the thermal interchange are defined in the interface experiments. Direct-contact 

heat transfer is appealing due to the potential for significantly higher heat transfer speeds, the 

opportunity to transfer heat at much smaller temperature variations between the sources, and the 

potential for lower efficiency. 

SENSIBLE HEAT EXCHANGE 

General Comments  

The transfer of heat energy from a constant fluid to outlines or other fluid bubbles is complicated 

situation involving, as well as common convectional variables (e.g., geometry, speed and 

physical thermal properties), the closeness of particles to one another while many of them are 

present. The latter feature may be dealt with more generally by specifying the vacuum fraction or 

holdup that the symbol denotes. The volumetric reference of the phase of spread (droplet or 

bubble) to the overall volume shall be indicated by one of those terms. As mentioned many times 

in this segment, Holdup has an important effect on direct heat transmission. It is also calculated 

the type of heat transfer to droplets or bubbles. Droplets and bubbles take different forms 

depending on the scale of the object and the conditions of established flow. Despite this, a 

variety of models have been investigated under the basis that the droplet is spherical. Many of 

the early analyses have been examined. 

External Convection to Spheres 

Multiple experiments were convicted from spheres. This has been the subject of any 

benchmarks. After studying their evidence of convections from water to solid spheres as well as 

data from other fields, they developed the following association for a single sphere in forced 

water convection: 

 

What is meant to be 1 < Re < 300,000 and2 < Pr < 380 

This subject was raised again recently. In cases where the holdup is less than 5 percent, they 

consider the following correlation for spherical and rigid gout swarms: 

 

Where χ = 1.0/Re
1/4 
for χ < 1 and χ = 1.0 for χ > 1. 

The situation gets even more difficult as holdups hit 5 percent. Meeting several droplets in the 

swarm modifies the continuous flow pattern through each droplet. In this more populated setting, 

individual particle heat transfer is given by Wilson and Jacobs (1993). A computational approach 
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The number of Reynolds is determined using this correlation's superficial pace. 

Heat Transfer inside Spheres 

Whether or not there are impurities affects the flow of heat within droplets and bubbles. While 

the latter is always used as a challenge to decide which properties to use properly, the latter may 

be hard to foresee. A conduction technique is used where there is no circulation. The answer to 

this transient dilemma is to use a convective border state to constantly maintain ambient 

temperature in spherically formed bubble or droplet without a blood flow (that might not always 

be the case): 

 

The endless number of roots is defined in the transcendental equation λn: 

 

Following the analysis of the data available at the time of his research, Sideman (1966) suggests 

the following correlation for the other extreme, which is rather internal circulation inside the 

droplet: 

 

And where 

 

This equation holds for Re · Pr>>1. 

A region between the conduction limit and the well mixed limit was examined numerically and 

experimentally. In contrast to conduction, normal convection has been shown to be a significant 

mode of spread. The internal heat transfer coefficient declined with time, Before it reached an 

almost constant normal heat transfer value. 
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Boiling in air is a problem which requires sensitive heat exchange and evaporation in a still water 

column. Ghazi has registered such a study (1991). Any of the other collaborations listed in this 

report have interpreted the findings differently. The following link with the data was found: 

 

L is the water pool depth, and the global heat transfer coefficient U from the equation was 

calculated 

 

The aperture is included in this correlation as a reference area. 

Direct heat transfer techniques 

The HTF and the PCM are both used to make immediate interaction possible to improve the heat 

transfer. As a result, heat transfer may be substantially improved. 

 

Figure: PCM‐Hp Heat Exchanger with Two HTF Flow Channel 

As a result, Guo et al 157 examined the usage of electric heaters to initially block the fluid flow 

line if the fluid pipeline is stable and found that an average of 5 per cent of the overall heat 

energy generated was spent on melting the first stream channel. The HTF convective geometry 

will be directly active in the strong PCM stage during the entire melting process. 
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HEAT TRANSFER ANALYSIS 

Theory and correlations for the analysis of phase change problems 

One of the most promising fields of contemporary heat transfer science is the study of the heat 

transfer properties of meltings and solidification processes. Different associations concerning 

thermal efficiency and dimensional numbers in some parametric domains were built on the basis 

both of experimental and calculative research into the thermal characteristics of LHS systems. 

Certain thermal efficiency parameters have been developed for correlation including melted 

volume fraction, the temperature profile, the melting time, and the melting rate. The conceptual 

descriptions and their importance for the phase change method of the common dimensional 

numbers used in LHS device analysis are presented. Any parallels that use dimensionless 

numbers are mentioned. 

k —heat transfer coefficient (W/(m2 ·K)); λ—thermal conductivity (W/(m K)); l—length (m); 

d—diameter (m); η—time (s); ρ—density (kg/m3 ); cp—specific heat capacity (J/(kg·K)); Δt—

temperature difference (K); L—latent 

 

Figure: Schematic of the locations of electric heaters in the inlet pipes 

Characterization of phase change heat transfer 

The amount of heat shared during the heat transfer process is huge, as described in the 

introduction. In many industrial applications, as in the electrical generation, desalination, 

metallurgy, cooling, and food processing, the phase shift heat transfer is therefore needed. In the 

industrial process of shift devices, water-based fluids or refrigerants are mostly used according to 

the volume of heat to be transported, the working conditions and the fluid interaction with 

electrical components. The three phase shift processes mentioned in this study are determined 

and contrasting physical frameworks, time scales and duration scales. Boiling, condensation and 

freezing, as can be seen in arrows, are all multi-phase and quasi-steady systems. Boiling by 

nucleates includes time sequences of nucleation, bubble formation and detachment as seen in the 

title, and condensation and freezing follow a related pattern. 
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These quasi steady processes optimally replace thermal energy if the solid surface is both in 

contact with the distinct and continuous step, e.g. the vapours and the fluid in the event of 

nucleate boiling, as can be shown in Section 1. In the other hand, phase shifting structures may 

be unstable and result in a stable, thermodynamically bad condition. During a transformation 

which is shown by an upwards arrow the solid surface still has contact with one fluid stage, such 

as vapour in the boiling film. In particular, the art of designing optimal surfaces to pass phase 

heat depends on maintaining interaction with solid surfaces both continuous and distinct fluid 

phases in order to achieve full thermodynamic efficiency. 

Heat Convection with Phase Change 

Without contemplating phase shift or influencing fluid movement (whether normal or induced) 

on heat drive we were looking at the heat convection in a washed wall. In addition, a phase 

change may take place in a material where there is no thermal transition. 

We shall focus on the effect of heat convection process changes between fluid phases (fluid, gas 

and liquid), to prevent solid transitions (though the issue of freezing in pipe flow has been 

extensively researched, see "Freezing in forced convection flows within ducts: A review"). Heat 

Mass Transf. Vol. 32, no. 3, 1997, pp. 341-351, pp. Due to the changes in enthalpy and density 

that occur during the transformation process, it is challenging to model and resolve conduction 

with phase shift. Please bear in mind that modifications to the fluid process arise just underneath 

the vital points of the fluid (for example, fluid waters p>22 MPa cannot boil at any temperature 

(but will boil if there is a reduction in pressure) (though lowering the temperature can). It should 

also be noted, that the same process shifting into a pure material (fluid into vapour or vapour to 

liquid) may be accomplished without boiling or condensation within the heat exchanging system 

(for example, by heating a pressurized liquid, then flashing) (less required area). 

Convective process changes issues can be categorized in a number of ways: 

• The phase transition from depends on (gas vapour or liquid gas) (excluding solid 

changes). 

• Use a method of convection activation, as normal or caused. 

• By fluid structure, including conversions of the pure liquid phase (e.g. water to steam) or 

mixtures. A particular instance of the above happens when a mixture phase alters just one 

variable. 

Heat Exchanger Thermodynamics 

The principle of the thermodynamic heat exchanger is a science that covers the transfer of 

thermal energy, temperature and relationships with other sources of energy. In researching 

thermodynamic heat exchangers, knowing about the transfers of heat (conduction, convection 

and radiation) in three forms is a strong starting point. Both these heat transmission modes are 

discussed in detail in the sections below. 

• Conduction 

Leading means the transfer of thermal energy between contacting products. Normal kinetic 

energy of a material is determined by temperature, with colder structures providing a more 

molecular motion (with those with higher temperatures). The hotter object is energized and the 

more energy-sensitive object becomes less, which results in a shift in thermal energy before it 
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reaches thermal equilibrium. When this object comes in contact with a colder object (one that is 

at a lower temperature) this device will function. 

In the following terms, the rate at which heat energy is transmitted by thermal conduction in a 

substance 

 

Q means the volume of heat absorbed through the substance in time t, Δ T the variation in 

temperature between the two sides of the substrate (thermal gradient), A the cross-sectional 

region of the material, and d the material's thickness. In order to understand its thermal 

conductivity, constant K, which functions according to the material‘s intrinsic properties and 

structure? Poor thermal conductance of air and other gases, with higher values of non-metallic 

solids, and higher thermal solids 

• Convection 

The flow of thermal energy from a warm surface to a warm object, such as air or water, is 

convicted. When a fluid is warmer, the fluid expands and is less compact, as opposed to the 

colder regions of the fluid. Consequently, as the air is heated in a room, as elevated up to the 

roof, heat energy is transmitted, when it covers the hotter air in the building, the heat density is 

transferred and falls to the surface. A normal or free convection current is created as a result of 

this operation. If a box, like a hydroid heating machine, pumps hot water, so convection is forced 

or aided. 

Newton's cooling law expresses the rate of heat transfer in the free convection: 

 

In the case of Q-dot, hc represents the convective coefficient of heat transfer, and is the 

convective process of the surface region, and     ΔT represents the surface/liquid temperature 

difference. The coefficient of convective thermal transfer hc is a property of the fluid properties, 

equivalent to that of the fluid thermal conductivity previously referred to. 

• Radiation 

Thermal radiation is a thermal energy conversion mechanism in which electromagnetic surfaces 

or objects produce electromagnetic waves. Thermal radiation doesn't require an intermediary 

medium to transfer wave energy, contrary to conduction and convection. All surfaces at 

temperatures above absolute zero (-273,15°C) emit a broad spectrum of thermal radiation. 

Using the Stefan-Boltzmann Act to calculate the net radiation heat loss rate: 

 

This is the hot object temperature (in absolute units, oK), Tc is the cooler surrounding 

temperature (in absolute units, oK), and is steady Stefan-Boltzmann (in absolute units, oK). 

Based on the properties and capacity of the substance to display radiation, consume or relay, the 
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emissivity of a material will range from 0 to 1. It also functions as a substance temperature 

feature. 

CONCLUSION 

As a function of the knowledge contained in the study, technologists will be able to become 

familiar with the different options offered by direct heat interaction. The methodology of 

analysis and the associations discussed here, the authors are convinced that on ideal surfaces, the 

specific characteristics of phase shift heat transfer need to be considered, similar to how a key 

fits their bolt, on the basis of many illustrations in this paper. This study shows that heat transfer 

can be increased by either increasing the heat transfer range of the system or improving the PCM 

thermal conductivity. In this case, surfaces must be designed precisely. The literature review 

shows that the rate of changes in phases (solidification/melting) can be significantly improved 

with the addition of elastic, high-level conductive and low-density compounds. In addition, the 

most common enhancement techniques are extensive textures such as fine and HPs, or multiple 

PCMs with different melting points. 

The target focused solidifying temperature is determined by the constant temperature of the stage 

shift and is permitted by materials for the step change. Three critical things to consider when 

selecting PCM for some application are the temperature melt, latent fusion heat and PCM-

thermo-physical issues. The evaluation method utilizes two main criteria: high heat fusion and 

specific temperature fusion. Improved heat transfer may also be accomplished using macro 

capsules; finned switches, tube wrap, or honeycomb exchangers to extend the heat transfer 

surface. The macro encapsulation raises the surface of the heat wave. On the other side the 

vacuum in the capsule decreases propagation and energy density by a minimum of 20%. 

Common surface changes in heat transfer, including a Finnish exchanger or tube and shield, are 

more economically feasible as production and assembly procedures are closely controlled. 
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