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Abstract. A technology has developed rapidly in the recent industrial revolution, and many engineering 

disciplines have witnessed an emerging trend of efficient, reliable, and energy-saving thermal management 

systems. Therefore, it is no wonder that heat pipe technologies, including thermosyphon-based systems, have 

gained more popularity as passive thermal management technologies that can be easily designed and 

utilized. The purpose of this review paper is to present an overview of the different approaches to enhance 

the thermal performance of heat pipes and thermosyphon, present the operational limitations of the 

aforementioned technologies, and examine the behaviour of two-phase systems as discussed in the literature. 

Additionally, the impact of critical parameters, including the selection of geometry,  filling ratio, working 

fluids and operating orientation, is emphasized as discussed in the literature. There is a lot of emphasis 

placed on thermosyphon applications in different disciplines of engineering, which is an indication of the 

importance of thermosyphon technologies in the real world. Therefore, based on the findings of the review, 

the current research aims to examine the loop thermosyphon system theoretically and experimentally, with 

emphasis on enhancing the condenser section of the thermosyphon system. 
 

Keywords: Thermosyphon; Heat pipe; Phase change Flow; Close loop thermosyphon. 
 

 

1. INTRODUCTION  

 

In many engineering fields, the process of generating heat and the cooling systems is very significant. 

This helps in the efficient management of thermal load, efficient energy conversion, efficient operation, and 

safe operation. This process is very significant in many fields, including the power generation industry, 

aircraft, automobile, and electronic industries, where the efficient management of heat is very crucial for the 

efficient operation of the systems. Engineers strive to create and install efficient cooling systems that 

improve energy efficiency while reducing their negative effects on the environment. Thus, the production 

of heat and cooling because they allow for optimal performance, durability, and safety, systems are essential 

to the success of engineering applications. Excess heat is created during many engineering processes and 

must be dissipated, particularly in situations involving microelectronic devices. One efficient way to move 

or dissipate heat is by using a heat pipe[1]. 

 

Heat pipes are passive thermal devices that rely on the phase change of a working fluid, typically 

alcohol or water, within a closed system that makes it easier for its function to transport heat from a high-

temperature source to a low-temperature sink. Working fluid is related to the filling ratio, which is defined 

as the ratio of the volume of the charged liquid to the total volume of the heat pipe [2] [3] [4]. 

 

 Heat pipes are broadly classified into two types: wicked heat pipes, which contain a porous wick 

that returns the working fluid by capillary action as shown in figure (1), and wickless devices 
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(thermosyphons), which rely on gravity and perform best with the condenser above the evaporator (vertical 

or small tilt angles) [5].  

Wicked heat pipes can have several types of wicks, like sintered powder wicks[6], screen-mesh 

wicks [7], grooved wicks[8], or composite wicks[9], The main wick types are illustrated in figure (2). Heat 

pipes can also be further categorized according to their design and working mechanism, including flat heat 

pipes [10], U-Shape heat pipes [11], pulsating heat pipes [12], Rotating heat Pipe [13], and Micro heat Pipe 

[14] [15]. 

Abdali j k and Alwan A A, (2020) developed a theoretical and numerical model to study the phase-

change phenomenon inside a finned wick heat pipe using distilled water as the working fluid. The researcher 

used an explicit technique to imitate the processes of evaporation and condensation to predict the 

temperature variation with time and position. The phase-change zone appeared around z = 35 cm in the 

evaporator and about z = 45 cm in the condenser. Cooling fins were installed in the condenser section to 

improve heat removal and improve the overall thermal distribution along the pipe. Figure (3) shown 

Schematic of the heat pipe [16]. 

Bhadra and Nookaraju, (2020) Investigated a copper heat pipe with a composite wick charged with 

ethanol by testing it under heating inputs ranging from 50 to 400 W. Temperature readings at the evaporator 

and condenser were collected while the condenser was cooled by water flowing at about 0.01 kg/s, with the 

pipe set at a 15° inclination. The heat transfer improved as the input power increased, but performance 

dropped at higher loads due to excessive vapor formation. A CFD model developed in ANSYS closely 

matched the experimental measurements, confirming the validity of the numerical approach for this 

composite-wick heat pipe [17]. 

 

 
 

Fig. 1. A sketch of wicked heat pipes[18]. 

 

 
 

Fig. 2. Structures of wick [19]. 
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2. THERMAL PERFORMANCE ENHANCEMENT 

 

Researchers did not depend on adequate thermal performance of heat pipes and proceeded to 

introduce several methods for improving thermal performance. The main goal of thermal performance 

enhancement is to improve heat transmission. The graphic (3) shows a list of different methods [20]. In 

order to improve heat transfer by increasing the heat-exchanging surfaces, one among the most popular 

techniques in theoretical study and engineering use is the extended surface provided by fins. Fins have found 

use in heat exchangers with latent heat energy storage, condensation, thermoelectric cooling, nanofluid, and 

other types of applications [21]. Fin is basically classified into many types such as Annular fins[22], 

Longitudinal fins[23], Pin fin[24], helical fins[25], cylindrical fins [26],circular, square, and hexagonal fin 

[27] , and many other types. 

 

 
 

Fig. 3. Heat pipes: Thermal performance enhancement[20]. 

 

 
 

Fig. 4. A selection of available fin configurations[28]. 
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Fig. 5. Fin efficiency against Heat transfer coefficient[29]. 

 

Ahmed et al.  (2020) conducted an experimental investigation on heat pipes integrated with helical 

fins to improve heat transfer efficiency. Two fin configurations featuring distinct helical pitches (20 mm and 

40 mm) were evaluated under actual operational conditions in evacuated-tube solar collector including 

paraffin wax as a way to store thermal energy. The results showed that the narrower fin pitch (20 mm) 

worked better, with a maximum efficiency of 68.66% and an outlet fluid temperature of about 53°C at the 

lowest flow rate. Using fins and PCM also delayed the start of solidification by more than 1.5 hours after 

sunset, which kept the system's heat available for longer. The research showed that lowering the fin pitch 

does improve heat transmission and make heat-pipe-based thermal systems more efficient every day [30].  

Tawsif Islam et al. (2023) Developed a copper closed-loop thermosyphon using analytical thermal 

calculations combined with MATLAB modelling to determine 15 fins, a fin efficiency of 0.82, an overall 

coefficient of heat transfer  of 642.6 W/m²·°C, and a theoretical flow rate of 2.84 g/s. They then fabricated 

and tested the system using a 12.7-mm tube, water as the working fluid, and a 30-CFM cooling fan. The 

experiments demonstrated a heat-removal capacity of about 107 W and an overall cooler efficiency of 

71.3%. The MATLAB predictions closely aligned with the measured thermal performance; Figure 16 shows 

the change in the number of fins based on the material used [31]. 

 

 
Fig. 6. Fin number variation [31]. 
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Tan et al. (2024) has created a copper loop thermosyphon of dimensions 135x650mm with an 

internally finned condenser to improve heat transfer, as seen in Figure (14). The test was performed with 

pure water and a suspension of microencapsulated PCM with 6 µm diameter and a melting point of 70°C. 

We performed several tests to see how the walls would behave when heated up, how much heat the walls 

would withstand, and how much heat the walls would withstand when the heat input is high. The MPCMS 

performed better by reducing the wall temperature by 2.5-2.9°C, the thermal resistance loop by 6.3%, and 

the CHF by 7.7%. The constant melting and solidifying of the microcapsule contents made them more 

thermally stable and prevented the boiling fluctuations inside the loop from occurring [32].  

Ritthong et al. (2024) Investigated a closed loop thermosyphon with three different diameters of 

copper tubes and three orientations of installations with the help of natural and forced convection techniques. 

The forced convection used was by an external fan fixed at 10.5 m/s. The range of inlet temperatures varied 

from 50-90°C for filled and unfilled conditions of the thermosyphon with refrigerant R410a to determine 

the effect of fluid charge, tube diameter, and orientation. A CFD model was created using ANSYS Fluent 

2022 software to verify the thermal performance and heat transfer of the thermosyphon. The best 

performance was achieved by the 19.05 mm diameter filled tube with convection that is forced, which 

resulted in a power output of 1485 W, making it the most efficient [33]. 

 

3. HEAT PIPE LIMITATION 

 

 

The efficiency of elevated the heat pipe's heat transmission is nevertheless restricted by the inherent 

limitations of heat pipes. limits, as shown in Figure (7), vicious limit, sonic, capillary, entrainment and 

boiling limit, are all phenomena within the heat pipe that decreases the power transfer efficiency of the heat 

pipe. The limits are contingent upon the selection of capillary structure, working substance, material, 

operating temperatures, and dimensions is critical. The heat pipes operation is primarily influenced by the 

delivered heat input, which determines the mass flow of the material being worked on within the pipe. 

 

A- Viscous limit is reached under conditions of very low operating temperature and minimal applied 

heat load. So, this scenario, forces of viscosity prevail over the change in pressure, rendering the 

pressure gradient incapable of generating vapor flow. This is also referred to as a not-flow state. 

It is stated as, 

 

QV = dv
2 ʎAV{

PV ρV

4(fvReV)LeµV
}                           (1) 

B- Sonic limit typically arises in heat pipes containing liquid metal. The initiation at 

low operating temperatures of the heat pipe is observable. This limit is shown by 

the equation below: 

 

  QS = Avρvλ [{
γvRvTv

2(γv+1)
}]

1

2
                           (2) 

C- Capillary limit is reached when the capillarity of pressures at the vapor-liquid 

contact in the evaporator and condenser are inadequate to overcome the frictional 
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pressure deficits associated with fluid motion. The maximum capillary pressure drop 

that a heat pipe can handle while it is running should be greater than the sum of all 

other pressure dips in the heat pipe, including the decrease in pressure caused by the 

vapor phase, the liquid phase, and gravity as shown in Equation (3). 

 

ΔP cp >ΔP l +ΔP v +ΔP g                           (3) 

 

D- Entrainment limit is reached when the movement of mass of vapor is sufficient to 

displace liquid droplets that come from the outside of the capillary structure, 

resulting in the dryness of both the evaporator and the principal capillary structure. 

 

 It is articulated as, 

  

 QEnt = Avλ [
σρv

2rh
]

1

2
                              (4) 

 

E- Boiling limit is reached at elevated thermal fluxes.  At this level, boiling bubble 

takes place within the main structure of the capillaries, leading to dryness of the main 

capillary structure. It also relies on how different the temperature is between the wall 

of the heat pipe and the working medium. It is given by Equation (5) [34] [15] [35] 

[36]. 

 

 QBo = 2π
Lefkef

Tv

Avλρv ln(
ri
rv

)
[
2σ

rn
− ΔpCmax]                           (5) 

 
Fig. 7. Limits of heat pipes[37]. 
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4. THERMOSYPHON 

 

A thermosyphon is a device that is created by the buoyant forces that result from the gradient of 

density created by the temperature differences in the loop's heating and cooling components. Low heat 

resistance and the ability to function without a circulation pump are the thermosyphon's primary 

benefits[38].Heat pipe thermosyphons are classified into single-phase or two-phase loop thermosyphons and 

conventional thermosyphons[39]. Heat pipes and thermosyphons are effective devices for transferring heat 

passively that operate based on phase-change mechanisms. Among them, the loop thermosyphon offers 

better circulation and higher heat transport capability. Many recent studies have focused on improving their 

design and thermal performance under different conditions [40]  [41]. 

Several parameters significantly influence the thermal performance of the loop thermosyphon whose 

schematics are shown in figure (8) [42]. The main influencing factors are summarized as follows: 

 

 
 

Fig. 8. Factors affecting the performance of the loop thermosyphon[42]. 

 

 

4.1. WORKING FLUID 

 

A working fluid is a fluid within a closed system that enables its operation, including heating, 

cooling, or energy generation. The primary factor in the selection of a working fluid is the range of operating 

temperatures for vapor. The fundamental features required for a working fluid include compatibility with 

thermosyphon materials and geometries, as well as boiling point, thermal conductivity, low vapor and liquid 

viscosities and densities, latent heat, and surface tension. The choice of working fluid depends on the 

temperature at which the thermosyphon works. Another element influencing the picking of a working fluid 

is the consistency between the heat exchanger material and the fluid, specifically regarding low corrosion. 

The working fluid must be readily accessible, economically viable, and possess excellent thermal transfer 

characteristics, including high latent heat and high specific heat [43] . 
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Table 1. Different type of Working fluid [19] 

 

NO MEDIUM 
MELTING 

POINT (°C) 

BOILING POINT 

(°C) 

USEFUL 

RANGE 

(°C) 

1 HELIUM -271 -261 -271 to -261 

2 NITROGEN -210 -196 -203 to -160 

3 AMMONIA -78 -33 -60 to 100 

4 ACETONE -95 57 0 to 120 

5 METHANOL -98 64 10 to 130 

6 WATER 0 100 30 to 200 

7 MERCURY -39 361 250 to 650 

8 SILVER 960 2212 1800 to 2300 

 

 

Huang  et al. (2021) Investigated a stainless-steel VCT, 262 mm long and charged with 3 ml methanol 

and 4.86 mg argon, heating the evaporator up to 400 W to examine its thermal response—this type of device 

is commonly used in thermal control for space systems. Using nine thermocouples along the adiabatic and 

condenser sections, the authors tracked wall-temperature variations and the shifting vapor–NCG interface. 

A 2D CFD model based on mass, momentum, energy, and species transport was developed to simulate the 

internal behaviour. The numerical predictions showed strong agreement with the experimental data, with an 

error of about 3–3.5%, confirming the reliability of the model [44]. 

 

 

4.2. FILLING RATIO (FR%) 

 

 

The filling ratio is defined as a ratio of the volume of liquid to the total interior volume of the heat 

pipe [45]. The charge of the filling ratio will influence start-up performance, heat transfer efficiency, and 

isothermal performance. A lowered charge ratio of the working fluid will prolong the pressure accumulation 

process and result in the failure of heat pipe initiation. The evaporator tends to overheat with a low charge 

ratio, resulting in prolonged start-up times and a significant temperature differential within the heat pipe 

with elevated charge ratios. The heat pipe can only initiate and operate efficiently with an appropriate charge 

ratio [46]. 

 

 
Fig. 9. The impact of filling rate and input power on overall thermal resistance [47]. 
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T. Z. Farge et al. (2021)  carried out an experimental study on a copper thermosyphon (26 mm OD, 

24 mm ID) including only evaporator and condenser parts, devoid of an adiabatic part, with the evaporator 

submerged in transformer oil maintained at temperatures below 85°C. The distilled water was the operating 

fluid, and the filling ratios were 50%, 60%, and 70% at 100, 200, and 300 W of heat input. At 60% FR and 

300 W, the highest performance was seen, with thermal resistance dropping by 14.6% compared to 50%. At 

100 W, FR = 50% was more efficient, and the system started working at about 40°C. Increasing the power 

always lowered thermal resistance and improved cooling performance [48].  

Wang et al. (2022) executed visual experimental research on (TPLT) constructed from transparent 

quartz glass (6 mm ID, 8 mm OD, 200 mm height) filled with N-pentane at 30–70% filling ratios. The 

evaporator (40 mm) was placed in a heated oil bath at 20 and 40 W, and the condenser (140 mm) was placed 

in a water-cooling jacket where water flowed at 23 ± 2 °C and 400 ± 20 g/min. This kept the condensation 

conditions stable. Experiments were done using vertical vibration of 30 m/s² and 35 Hz. They showed that 

vibration sped up the breaking of the liquid plug and changed the flow from plug to annular/wavy patterns. 

This made it easier to start up and made the flow more stable. At a filling ratio of 50% and an input power 

of 40 W, the best performance was seen [49].  

Liu et al. (2025) Experimentally studied a two-phase loop thermosyphon with a comparison of a 

smooth tube condenser with a bellows-type condenser. A water-based thermosyphon system was developed 

with a range of filling ratios from 40% to 80%. A copper evaporator with a heat block and a transparent 

PTFE part was incorporated for the visualization of the flow. A condenser was placed inside a cooling water 

jacket with a 50-mm inner diameter. Water at a constant temperature of 18°C flowed at a rate of 0.017 L/s. 

Such a setup facilitated constant operation conditions for all the tests. A bellows tube was incorporated to 

enhance the condensation process by increasing the heat transfer area. For low filling ratios, the dry-out time 

was delayed, increasing the CHF from 359 to 399 W/cm². For high filling ratios, the thermal resistance was 

decreased by 13–18%. The thermal performance of the thermosyphon was better for the bellows condenser 

under various heat loads [50]. 

 

 

4.3. TYPES OF THERMOSYPHON 

 

 

Compared to heat pipes, thermosyphons have a number of advantages. They are inexpensive to 

produce and maintain because of their straightforward structure and design. Thermosyphons can transfer 

heat over greater distances than heat pipes because they are not constrained by capillary action. Therefore, 

thermosyphons perform exceptionally well in gravity-assisted systems, which use gravity-driven natural 

circulation to enhance heat transmission. Operating at lower pressures makes component design simpler and 

lowers the chance of leaks [1].  

 

A-conventional Two Phase Closed Thermosyphon (TPCT): whose schematics are shown in figure 

(12-a), A TPCT is a very effective heat transmitter that uses a liquid-vapor phase change. The heat absorbed 

causes the liquid to evaporate at the evaporator section. After passing through an adiabatic zone, the vapor 

condenses in the condenser, releasing heat into comparatively cold media. The liquid uses gravity to its 

advantage and returns to the evaporator in a thin layer of liquid film resembling a Nusselt. The evaporator, 

which involves a pool of liquid, is essentially positioned at the base of the TPCT [51].  

Czerwiński and Wołoszyn, (2021) performed a numerical analysis of a cooling system utilizing 

phase change within a closed thermosyphon, modelled in ANSYS Fluent. A two-dimensional model was 
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utilized to simulate heat transfer and phase transition between liquid and vapor, while Lee’s evaporation–

condensation model was adjusted by incorporating variable mass-transfer relaxation parameters (re, rc) to 

improve numerical precision. The research determined that the best value of re = 1 s⁻¹, with rc varying 

according to phase densities, produced results that aligned with previously published data and showcased 

the model's efficacy in properly forecasting thermosyphon thermal performance [52].  

Dimbarre et al. (2022) performed a numerical study utilizing ANSYS Fluent to examine the turbulent 

flow characteristics within the cooling jacket of a stainless-steel thermosyphon condenser. Their research 

concentrated on forecasting velocity distribution and pinpointing recirculation zones that influence cooling 

efficiency. The Reynolds Stress Model (RSM) was used to find the flow's turbulence characteristics, which 

showed that the flow is completely turbulent. The results showed that changing the geometry and flow 

direction makes convective heat transfer in the condenser portion better [53]. 

 
 

Fig. 10. Geometry of the cooling jacket used in the numerical simulation[53]. 

 

B- Two-Phase Loop Thermosyphon (TPLT): Loop thermosyphons are among the most widely used 

devices in the field of two-phase heat transfer because of their inexpensive cost, extended service life, 

excellent structural adaptability, and straightforward production procedure. Its gravity-assisted cycle uses 

no energy at all and has a sufficient temperature differential. The components of a loop thermosyphon 

include the internal two-phase working fluid, evaporator section, vapor line, condenser section, and liquid 

line  which was shown in figure (12-b). The condenser section is often located at the top. The vapor line 

creates a closed-loop structure by joining the evaporator section's outlet and the condenser section's inlet, 

while the liquid line joins the condenser section's outlet and the evaporator section's input. A proper 

temperature differential between the evaporator and condenser portions is necessary for the internal working 

fluid to automatically create two-phase flow and heat transfer in a gravitational field. The natural flow state 

of the working fluid in TPLT is as follows: the liquid working fluid first absorbs heat from the evaporator's 

heat source and vaporizes, then the resulting vapor travels upward via the vapor line to the condenser section; 

it then releases heat to the condenser section's heat sink and condenses; and lastly, it travels downward via 

the liquid line to the evaporator section, completing a two-phase flow cycle [42] . 

 Remella and  Gerner, (2023) performed a numerical and theoretical analysis of two-phase disjoined 

liquid–vapor flow within a small-channel with mesh walls in a closed-loop two-phase wicked thermosyphon 

(CLTPWT) utilized for the cooling of high-power LED modules. The research utilized ANSYS Fluent and 

Steady-State Thermal coupling to forecast temperature distribution, pressure reduction, and interfacial shear 

stress. The results showed that pressure and shear go up when heat is added, and flow reverses at 206 W, 

which is the operating limit. The research provides valuable insights into thermal fluid coupling for advanced 
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electronic cooling systems. The schematic representation of the (CLTPWT) cooling system, which is 

applicable for high-power LED cooling, is shown in Fig (11) [54]. 

 

 
 

Fig. 11. (a) (CLTPWT), (b) different parts of the CLTPWT, (c) A side view of the evaporator package in 2D, and (d) E-

SEM picture of the mesh screen channels [54]. 

 

Fuso et al. (2023) has conducted a thorough experimental study to investigate the thermal 

characteristics of a thermosyphon arrangement consisting of two loop thermosiphon systems, which were 

placed in parallel and series to be used as a hybrid solar system. A solar evaporator consisting of three 

vertical copper tubes and a backup evaporator were used. Distilled water was used as the working fluid, with 

a filling ratio of 100% for the solar evaporator and a range of 65 to 100% for the backup evaporator. The 

study focused on the temperature distribution and thermal resistance of the system under steady-state and 

fluctuating heat input, as well as simulating the occurrence of solar intermittence. Condensation occurred 

inside a main condenser equipped with a high-efficiency water jacket, which contained five internal baffles 

to improve heat transfer. This design considerably reduced the condensation resistance. The results showed 

that the parallel setup had lower overall thermal resistance and responded faster when the backup evaporator 

was turned on. On the other hand, the series configuration had better thermal performance consistency 

during the full day of operation [55]. 

 Caner et al. (2024) the Open FOAM was used to numerically simulate a two-phase loop 

thermosyphon to generate a precise phase-change model. A hybrid model of the Tanasawa-Lee model was 

used for this purpose, using a methanol fluid with a 50% fill ratio and a heat input of 230 W. The numerical 

results showed that bubbles were formed and slug/plug flow was achieved with a thermal resistance of 0.26 

K/W. This proved that the model was accurate enough to forecast TPLT thermal performance [56].  

Le and Kim, (2025) conducted an extensive theoretical investigation of a two-phase loop 

thermosyphon, focusing on the analysis of boiling and condensation phenomena in the passive cooling 

systems of nuclear power plants. The research utilized computational fluid dynamics (CFD) as a theoretical 

framework to resolve the governing equations pertaining to heat and mass transfer within the loop. RPI Wall 

Boiling Model was used for the evaporator section of the loop, and a Wall Film Condensation Model was 
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applied for the condenser section of the loop, all of which were implemented using UDFs within the ANSYS 

Fluent platform to provide a unified theoretical basis. Non-condensable gases were ignored. The outcomes 

provide a deeper insight into the heat transfer processes of loop thermosyphon systems and emphasize their 

potential for being applied in nuclear passive cooling technologies [57]. 

 Jiang et al. (2025) proposed a novel asymmetric loop thermosyphon to improve the cooling capacity 

of rotating grinding wheels. At the theoretical level, the authors looked in to performance of the novel loop 

thermosyphon by using analytical expressions of thermal resistance, temperature uniformity, and Bond 

number to describe the effects of centrifugal forces and diameter change on the two-phase flow loop. At the 

experimental level, the copper loop, which had two inner diameters of 3 and 2 mm, was filled with acetone 

at a 50% filling ratio, and the evaporator was heated by a Ni–Cr wire, while the condenser was cooled by 

0°C air from vortex tubes surrounding it. Tests up to 165 g showed that the asymmetric design reduced 

thermal resistance by about 44% and improved temperature uniformity compared with the symmetric loop 

[58]. 

C- Single Phase Loop Thermosyphon (SPLT): As shown in figure (12-c), Systems of natural 

circulation rely solely on convective flow caused by density gradients as a result of buoyancy-driven force; 

they are not dependent on any active power sources. Examples of natural circulation systems that are 

frequently used in engineering are single-phase thermosiphon loops. Thermosiphons, which are the 

prototype of passive safety devices, have garnered more attention in nuclear engineering, particularly for 

Gen 3+ and Gen 4 reactors. Nevertheless, temperature, pressure, and velocity field oscillations can impact 

thermosiphons and jeopardize their performance. Therefore, it is necessary to thoroughly examine the 

stability dynamics of single-phase free convection in order to improve the proper operation of 

thermosiphons. Natural circulation in single phases: A known collection of instabilities that arise for a 

specific combination of the operational parameters defines thermosiphon loops [59]. 

 

 

 
(a)     (b)    (c) 

 

Fig. 12. Types of thermosyphon: (a) TPCT [60]  , (b) TPLT [61] , and (c) SPLT [39]. 
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5. GOVERNING EQUATIONS OF PHASE CHANGE FLOW 

 

 

The calculation of the heat and mass transfer at the interface of the two-phase region can be 

accomplished by using the governing equations, which include the loading source term. The governing 

equations, which include the continuity, momentum, and energy equations, can be obtained by using Eqs 

(6), (12), and (17), respectively. 

A- The continuity equation for the liquid and vapor phases 

  

(αl ∕ vρl ∕ v) + ∇ ⋅ (αl ∕ vρl ∕ v V⃗⃗  ⃗) = SM                                                         (6) 

 

 α is the volume fraction, ρ is the density (kg/m3), and V → is the fluid's velocity vector. The letters 

l and v stand for liquid and vapor, respectively. α is always in the range of 0 and 1 and αv+ αl= 1. 

Consequently, the mass transfer source terms at the vapor/liquid interface are crucial for the accuracy and 

reliability of CFD simulations. Furthermore, based on its operational principle, the TPLT is propelled by the 

density differential between liquid and vapor, causing a change in pressure inside the loop. 

 A model of phase change depending on pressure:  

superheat of the wall at the heating surface (αl = 1): 

 

  

SM(l→v) = −SM(v→l)
= {

βeαl√ρv  
psat(T)−P

√P
            ,                            Psat(T)≥P+∆P1

0                                                   ,                            Psat(T)<P+∆P1 
                 (7)                 

                                               

 contact between the liquid and vapor phases (0< αl<1):  

 

SM(l→v) = −sM(v→l) = βeα1√ρv   
PSat(T)−P

√p
;  For evaporation, i. e  .  PSat(T) ≥ P                (8) 

           

SM(v→l) = −sM(l→v) = βcα1√ρv   
PSat(T)−P

√p
;  For evaporation, i. e  .  PSat(T) < P                 (9) 

 

 βe and βc are the mass transfer frequencies of evaporation and condensation, in s⁻¹, respectively. Δpi 

is the pressure potential difference required for the expansion of trapped gas or vapor in pits or cavities on 

the heating surface. 

 

  Δpi =
2σlv

ri
(1 +

ρv

ρl
)                                                                                                          (10) 

             

 where σlv denotes surface tension in N/m, and ρv and ρl represent the densities of vapor and liquid, 

respectively, in kg/m³. Meanwhile, ri denotes the radius of the vaporization core. Furthermore, PSat(T) 

denotes the local saturation pressure associated with the local temperature, and its formulation is derived by 

fitting an equation with a maximum deviation of 0.1%. 
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  psat(T) = e21.26955 − 
2775.456

T−44.3757                                                                                        (11) 
 

 

(2) Momentum equation 

 

 
∂

∂t
(ρv⃗ ) + ∇ ⋅ (ρv⃗ v⃗ ) = −∇p + ∇[u((∇v⃗ + ∇v⃗ )T)] + ρg + FCSF                            (12)                                                                                                                 

 

The density and viscosity, ρ1v and μ1v, are described as the volume-averaged values of the mixed phase. 

 

 ρ = αlρl + αvρv                                                                                                                (13)                                                                                                                       

 μ = αlμl + αvμv                                                                                                                (14) 
                                                                                                

Furthermore, the continuum surface force FCSF is applied to the momentum source term according to the 

model of continuum surfaces, which is derived as follows: 

                                                                 

 FcsF = 2σlv  
αlρlCv∇αv+αvρvCl∇αl

ρl+ρv
                                                                                     (15)                                      

 

C denotes the curvature of the interface. σ1v represents the surface tension in N/m, defined as: 

 

σlv = −1.333 ∗ 10−4 ∗ T + 0.06275                                                                           (16)    

 

(3) Energy equation 

 

 
∂

∂t
(ρE) + ∇ ⋅ [(ρE + p) v⃗ ] = ∇ ⋅ (K∇T) + SE                                                          (17)  

 

 E energy is a value of mass-average:  

 

  E =
αlρlEl+αvρvEv

αlρl+αvρv
                                                                                                              (18) 

 

"And the energy transfer source term" The formula for SE is the mass source term  SM x the latent heat of 

vaporization λ. 

 

SE = λ ∗ SM                                                                                                                         (19) 
 

the expression for the latent heat of vaporization, denoted as λ, is: 

 

λ = −8.758 ∗ 10−3 ∗ T3 + 6.781 ∗ T2 − 2720 ∗ T + 974300                          (20)                 
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where the value of the volume fractions of liquid and vapor is also used to compute the thermal conductivity 

klv of the mixed phase. 

 

  klv = αlkl + αv(n × kv)                                                                                              (21) 

 
where n is the thermal conductivity amplification factor [47] 

 

 

6. APPLICATIONS OF HEAT PIPE THERMOSYPHON 

 

geothermal energy extraction, solar collectors [62], turbine cooling[63], heat exchangers for waste 

heat recovery[64], electronics for high-performance thermal management[65], water heaters [66], Power 

generation[67] , air conditioning systems etc [68]. are just a few of the uses for thermosyphon applications. 

There are numerous uses for thermosyphon, which fall into the following four categories:  

 

A-Applications for heat transfer, such as heat recovery and HVAC systems, where thermosyphon 

are employed as heat exchangers to transfer heat at a high rate. 

B-Isothermal applications: In an isothermal furnace, thermosyphon are used to remove existing 

temperature gradients. 

C-Electronics cooling systems: these employ thermosyphon to control the temperature of the 

electronic devices. 

D-Transformation of heat flux applications: thermosyphon are employed in 

circuit breakers and solar desalination plants, among other applications that need variable heat fluxes 

at the heat source and sink. 

There is a particular temperature range in which the heat pipe operates for each application. Thus, 

the thermosyphon design should be focused on the desired temperature limits by using the appropriate 

working fluids  [39].  

 

 

7. CONCLUSIONS 

 

The above review provided a structured overview of the heat pipe and thermosyphon technologies, 

with special emphasis placed on the improving of thermal performance, operational limits, and the behaviour 

of the two-phase systems, as discussed in the recent literature. It should be noted that the reviewed literature 

indicates the significance of the system’s configuration and operational limits on the overall performance, 

as well as the enhancement techniques. In addition, the reviewed applications emphasize the increasing 

importance of thermosyphon systems in modern thermal management and energy-related fields. As a result 

of the insights obtained from the review, the proposed research work will be focused on the loop 

thermosyphon system using the theoretical and experimental approaches, with special emphasis placed on 

the enhancement of the condenser performance using the annular fin configurations. 
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