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In the present study, a firefly algorithm is used to achieve a multi objective 

optimization of heat pipe with axial “Ω” shaped micro grooves. The objective 

function of the optimization procedure is maximization of heat transport capability 

and minimization of the total thermal resistance. So the effects of geometrical 

dimensions and structural parameters on heat pipe performance have been 

considered as decision variables. Also heat transfer capability and total thermal 

resistance of heat pipe have been considered as objective function. The agreement 

between experimental data and calculated results confirms the accuracy of the 

proposed algorithm for micro groove heat pipe analysis .The effect of grooves 

number and vapor core diameter on heat transfer and total thermal resistance have 

been analyzed and it shows by increasing the number of grooves and core diameter, 

heat transfer capability and total thermal resistance increased. Heat transfer 

capability and total thermal resistance decreased by increasing width of slot. For 

equal in size width slot by increasing grooves diameter heat transfer and total 

thermal resistance respectively increased about 25% and 7%. Result shows 

working temperature significantly effects on the heat transfer capability and 

maximum heat transfer capacity occurred about 271 K.  
© All rights reserved . 
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1. Introduction 

 

Heat pipes are heat transfer devices which 

transfer heat from one point to another. 

Heat pipes have different types and one of 

them is a heat pipes with axial 

microgrooves. These axial microgrooves 

are in different shapes, such as triangular, 

rectangular, trapezoidal and ‘’Ω”-shaped . 

The heat pipe with axial ‘’Ω”-shaped micro 

grooves is shown in fig. 1. This kind of heat 

pipe is used in application when high 

thermal performance and excellent heat 

transfer capability requirements (Yong ping 

et al 2015). So heat transfer improvement is 

a key point on heat pipe performance 

(Zhang et al 2009). For this purpose, 

optimization method can be used. In this 

way the various parameters can be taken to 

improve heat transfer performance such as 

geometry, cost, mass and material therefore 

mathematical modeling for optimizing 

method seems necessary (Faghri et al 1995) 

presented an experiment on flat plate heat 

pipe and shown temperature distribution 

along wall surface is uniform and they 

found the main thermal resistance on 

evaporator section creates by porous wick 

(Wang and Vafai 2000) used analytically 

and experimentally data to find out the 

temperature field in flat plate heat pipes 

with micro-grooves. Also they introduced 

new mathematical model to calculate the 

vapor and liquid pressures and velocities. 

This model used to optimize the heat pipe. 

 (Lefe`vre et al 2008) used Experimental 

data to validate the parameters effect such 

as saturation temperature and geometry on 

hydrodynamic and the maximum heat 

transfer capability of flat micro heat pipes.  

Finally they introduced two correlations to 

determine thermal conductivity during 

condensation and evaporation (Revellin et 

al 2009). Focusing on a recuperated closed 

Brayton cycle (CBC), thermodynamic 

modeling of a CBC is proposed. Moreover, 

a thermal model is carried out to predict the 

overall properties of the cold side of the 

system (i.e., heat pipes and radiator) for 

different CBC conditions. Both models are 

coupled and their conjunct solution 

provides operational data for the design of 

the heat rejection system, such as the 

number of heat pipes (HP), total assembly 

mass, length, and second-law efficiency 

(Luis et al 2021) modelled triangular and 

drop-shape of a flat heat pipe. Studied on 

working fluid performance shows hydraulic 

behavior occurring at the end of the 

condenser on length of the liquid plug 

(Chauris et al 2013) presented 

mathematical model for thermal 

optimization of a miniature heat pipe with a 

grooved wick structure to maximize heat 

transfer and minimization of thermal 

resistance. They considered effects of 

contact angle; shear stress and amount of 

initial liquid charge and found by 

optimizing they can enhance heat transfer 

up to 48%. To verify the model used an 

experimental data (Kim et al 2003) the heat 

transfer model and energy consumption 

model of the integrated heat pipe cooling 

system was established to describe the 

relationship between operating parameters 

and energy efficiency. Based on genetic 

algorithm, energy efficiency optimization 

operation strategy was calculated at 

different load rates and outdoor ambient 

temperature. An experiment was carried out 

to verify the accuracy of the optimization 

algorithm (Zhiguang et al 2021) developed 

a mathematical model for thermal 

performance and studied the effects of 

parameters such as contact angle on the 

maximum heat transport rate of a flat micro 

heat pipe with a rectangular grooved wick 

structure. The effects of width and the 

height of the groove have been considered 

as decision variables in optimization 

procedure to maximize heat transfer. Data 

result validated by experimental data (Do et 

al 2008). 

 Developed a one-dimensional 

mathematical model under steady-state 

conditions to find out the geometric design 

https://www.sciencedirect.com/science/article/abs/pii/S1359431120332828#!
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influence on the thermal performance of 

star-groove micro-heat pipes. They show 

by increasing the cross-sectional area heat 

transfer capability has increased (Hung and 

Seng 2011) presented experiment to detect 

the inner surface treatments influence on 

heat transfer of grooved heat pipes 

performance. Oxidation treatment on the 

inner surface can reduce the contact angle. 

So the heat transport capability has 

increased (Hu et al. 2013) worked on 

mathematical model to explore the 

characteristics solid wall and working fluid 

influence on thermal performance of micro 

heat pipes under steady-state conditions. 

The results indicate water is the best 

working fluid in a micro heat pipe (Chang 

and Hung 2014) presented mathematical 

model to increase capillary and heat 

transfer capability and reduced total 

thermal resistance of grooved copper heat 

pipe with use of gradient wettability 

surface. (Cheng et al 2017) Investigated on 

thermal performance of a bent copper-

water heat pipe with grooved inner surface 

and studied on experimental data which 

shown the change of the inclination angle 

more influence on the heat flux and thermal 

performance of bent copper-water heat 

pipe. (Ghorbani et al 2013) Worked on 

model of inclined micro heat pipes with 

axial solid wall conduction to find out the 

effect of gravity on the thermal 

performance under steady-state conditions 

for optimally designed. It is found gravity 

can enhance heat transfer capability and 

working fluid circulation of micro heat 

pipes. 

(Salehi et al 2020) Focused on simulation 

of a V-shaped micro heat pipe and 

developed a new method for calculating 

dry-out length and studied on designing and 

operating parameters effect on micro heat 

pipes performance. The results indicate 

heat pipe performance reduced by 

increasing in the viscosity, apex angle and 

length of heat pipe. (Momeni et al 2018) 

focused on effect of the GEO (Generalized 

extremal optimization) algorithm to design 

and optimization of a heat pipe in space 

application. (Mofrad et al 2020) used PSO 

(Particle Swarm Optimization) algorithm to 

optimize heat pipe. (Ghiasi et al 2021) 

developed a theoretical model and studied 

on parameters variations on the maximum 

heat transport capability in a heat pipe with 

axial ‘‘Ω” shaped grooves. (Deng et al. 

2014) used experiments data from capillary 

rise in copper parallel micro V-grooves heat 

pipe using acetone and ethanol as a working 

fluid to compare the theoretical models 

data. A mixed integer linear program used 

by (Eshraghi et al 2019) for combined 

cooling and heating with heat storage.   

In this study a mathematical model of heat 

pipe with axial ‘’Ω” shaped micro grooves 

was considered and the firefly algorithm 

used to obtain an optimal design. The effect 

of geometrical dimensions and structural 

parameters influence on heat pipe 

performance considered as decision 

variables and heat transfer capability and 

total thermal resistance of heat pipe 

considered as objective function to 

optimize. The effects of the structural 

parameters for example number of grooves, 

vapor core diameter and wick thickness on 

objective function were considered for 

analyzing heat transfer capability and total 

thermal resistance.  

 

2. Mathematical model 

2.1. Heat transfer capability  

In heat pipes with axial ‘‘Ω”-shaped micro 

grooves, the vapor flows in the vapor core 

at the center of the heat pipe and liquid 

flows in the capillary micro grooves, using 

Laplace–Young equation the capillary 

pressure can be calculated as  

𝑃𝑐 = 𝑃𝑣 − 𝑃𝑙 = 𝜎 (
1

𝑟𝑐1
+

1

𝑟𝑐2
)   (1) 

Where 𝑃𝑣 and 𝑃𝑙 are pressure of vapor and 

liquid respectively, and 𝑃𝑐 is the capillary 

pressure. 𝑟𝑐1 and 𝑟𝑐2 are the radial and axial 

capillary radius of the meniscus. 

Since𝑟𝑐2 ≫ 𝑟𝑐1, it is reasonable to suppose 
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that 𝑟𝑐2 → ∞ and 𝑟𝑐1 ≈ 𝑟𝑐(𝑧). hence 

differential form of Eq. (1) is given by,  

𝑑𝑃𝑣

𝑑𝑧
−

𝑑𝑃𝑙

𝑑𝑧
= −

𝜎

𝑟𝑐
2(𝑧)

𝑑𝑟𝑐(𝑧)

𝑑𝑧
     (2) 

Where 𝑟𝑐is capillary meniscus radius, 𝜎 is 

the surface tension coefficient. So heat 

transfer can be maximum if heat pipe 

operate at steady-state condition. At the 

evaporator section end      cap (z = 0) the 

capillary radius can be represent as 

𝑟𝑐,𝑒𝑣𝑎 =  W/(2cos𝜃), while capillary 

radius at the condenser section end cap is 

(𝑧 = 𝐿𝑒 + 𝐿𝑎 + 𝐿𝑐)𝑟𝑐,𝑐𝑜𝑛 =  𝑟𝑣, and 𝜃is 

the contact angle. The liquid and vapor 

pressure at the condenser section end cap 

can be considered as 𝑃𝑣 = 𝑃𝑣0  

𝑃𝑙 = 𝑃𝑣0 −
𝜎

𝑟𝑐,𝑐𝑜𝑛

(𝑧 = 𝐿𝑒 + 𝐿𝑎 + 𝐿𝑐)    (3) 

At the condenser section end cap 𝑃𝑣0 is the 

vapor pressure. Therefore, the heat transfer 

capability Q can be calculated. The 

maximum allowable heat input rate during 

the start-up condition is. 

𝑄𝑚𝑎𝑥 = 0.4Π𝑟𝑐
20.73ℎ𝑓𝑔(𝑃𝑣𝜌𝑣)

1
2       (4) 

 

where, 𝑟𝑐is the vapour channel radius, ℎ𝑓𝑔 

is the latent heat of vaporisation, 𝑃𝑣 is the 

vapor pressure and 𝜌𝑣 is the vapor density 

in the evaporator section. 

 
Fig. 1. Heat pipes with axial ‘‘Ω”-shaped micro 

grooves. (a) Cross section. (b) Schematic of 

grooves [2]. 

 

2.2. Total thermal resistance  

The total thermal resistance is one of the 

main important factors in determination of 

the heat transfer performance of heat pipes. 

This parameter directly presents the degree 

of temperature uniformity. The thermal 

resistance of evaporator section, 𝑅𝑒, 

thermal resistance of condenser section, 𝑅𝑐, 

and thermal resistance due to the vapor 

flow, 𝑅𝑣 are calculated from the following 

equations.  

𝑅𝑒 =
1

𝑁

(𝑅1 + 𝑅2 + 𝑅3)(𝑅4 + 𝑅5)

𝑅1 + 𝑅2 + 𝑅3 + 2(𝑅4 + 𝑅5)
   5) 

           

𝑅𝑐 =
1

𝑁

(𝑅6 + 𝑅7 + 𝑅8)(𝑅9 + 𝑅10)

𝑅6 + 𝑅7 + 𝑅8 + 2(𝑅9 + 𝑅10)
   (6) 

𝑅𝑣 =
𝑇𝑤𝑜𝑟𝑘(𝑃𝑣,𝑒 − 𝑃𝑣,𝑐)

𝜌𝑣ℎ𝑓𝑔𝑄𝑖𝑛
               (7) 

𝑅1 =
𝛿0

𝐾𝑠𝑊𝑓𝐿𝑒
                                  (8) 

𝑅2 =
ℎ𝑔

𝐾𝑠,𝑒𝑞𝑊𝑓𝐿𝑒
                             (9) 

 𝑅3 =
1

𝛼𝑓𝑖𝑙𝑚(ℎ𝑓 − ℎ𝑔)𝐿𝑒
               (10) 

  𝑅4 =
𝛿0

𝐾𝑠𝑊𝐿𝑒
                                 (11) 

𝑅5 =
ℎ𝑔

𝐾𝑙𝑊𝐿𝑐
                                    (12) 

𝑅6 =
𝛿�̅�𝑖𝑙𝑚

𝐾𝑙𝑊𝑓𝐿𝑐
                                  (13) 

 𝑅7 =
ℎ𝑓

𝐾𝑠,𝑒𝑞𝑊𝑓𝐿𝑐
                            (14) 

  𝑅8 =
𝛿0

𝐾𝑠𝑊𝑓𝐿𝑐
                                (15) 

  𝑅9 =
ℎ𝑔

𝐾𝑙𝑊𝐿𝑐
                                   (16) 

𝑅10 =
𝛿0

𝐾𝑠𝑊𝐿𝑐
                                (17) 

where N is the groove number, 𝜌𝑣 is the 

vapor density, 𝑃𝑣,𝑒 and 𝑃𝑣,𝑐 are the vapor 

pressure at the evaporator and condenser 

section respectively, 𝑇𝑤𝑜𝑟𝑘 is the working 

temperature, 𝑄𝑖𝑛 is the heat load, ℎ𝑓𝑔 is the 

latent heat, 𝐾𝑙and 𝐾𝑠are the conductivity of 

liquid and solid respectively, 𝐾𝑠,𝑒𝑞is the 

equivalent conductivity coefficient of 

groove fin, 𝐿𝑒 and 𝐿𝑐 are the length of 

evaporator and condenser respectively ,�̅� =
𝐾𝑙

0.185𝑊𝑓
 is the evaporating thin film heat 

transfer coefficient and  𝛿�̅�𝑖𝑙𝑚 is the mean 



 
ithmMulti Objective Optimization of Heat Pipe Using Firefly Algor 

Seyed Mohsen Momeni, Majid Eshagh Nimvari, Gholamreza Salehi, Hossein Amoozadkhalili 
 

 

 

condensate liquid film thickness. The total 

thermal resistance is computed as: 

 

𝑅𝑡𝑜𝑡 = 𝑅𝑒 + 𝑅𝑐 + 𝑅𝑣      (18) 

 
Fig. 2. Thermal resistance. (a) Evaporator section. (b) 

Condenser section [2]. 

 

2.3. Objective function 

 

In this study the total thermal resistance and 

heat transfer capability of the heat pipe are 

selected as objective functions. The total 

thermal resistance should be minimized 

while heat transfer capability should be 

maximized. For determination objective 

function five parameters are selected as 

decision variables in the optimization 

process as fallows. The slot width W, wick 

diameter d, slot height 𝛿, vapor core 

diameter 𝑑𝑣 and groove number N. The 

objective function can expressed as . 

Q = 𝑓1(W, d, 𝑑𝑣, 𝛿, 𝑁)           (19) 

𝑅𝑡𝑜𝑡 = 𝑓2(W, d, 𝑑𝑣, 𝛿, 𝑁)         (20) 
 

The boundary condition and constrain that 

used for optimizing objective function are 

given by  

𝑑𝑣

2
+ 𝛿 +

√𝑑2 − 𝑊2

4
+

𝑑

2
+ 𝛿0 =

𝑑0

2
  (21) 

𝑁(𝑤0 + 𝑑) = 2𝜋 (
𝑑𝑣

2
+ 𝛿 +

√𝑑2 − 𝑊2

4
)        (22) 

𝑊 ≤ 𝑑                                               (23) 

N is integer                                  (24) 
   𝑤0 ≥ 𝑤/   ,  𝛿0 ≥ 𝛿/   ,  𝑊 ≥ 𝑠  ,  𝛿 ≥ 𝑠  ,  𝑑𝑣 ≥

𝑠     (25) 

𝑤/ = 0.36mm   𝛿/ = 0.4mm    𝑠 =  0. 22mm  (26) 

 

Geometrical constraints for radial and 

circumferential length are shown in Eqs. 

(21) and (22). Eqs. (23) is derived by the 

geometric shape of a ‘‘Ω”-shaped grooves, 

channel number must be an integer, 

minimal size limited by machining 

displayed by Eq. (25) where 𝑤/, 𝛿/ and 𝑠 

are the minimal sizes limited by machining.   

 

3. Firefly algorithm 
One of the important branches of artificial 

intelligence is swarm intelligence (SI), which 

has been developed during this decade. 

Difference swarm intelligence was created and 

developed by inspiration of the collective of 

social swarm of bees, ants, firefly and schools 

of fish. In other words, particle swarm 

optimization was based on the swarming 

behavior of insects, birds and animals. 

Although several new algorithms have 

confirmed their ability in solving optimization 

problems, Firefly Algorithm (FA) is more 

efficient and reliable in solving global 

optimization problems. Firefly Algorithm (FA) 

is a kind of meta-heuristic algorithm, which 

was first developed by Xin-She Yang at 

Cambridge University. The heuristic word 

refers solution by trial and error.  Exploration 

and exploitation are two major components on 

each meta-heuristic search process that must be 

a balance between them. The exploitation 

means use of existing information, so the 

exploitation can be express focusing and 

finding the search procedure within the 

proximity of the best solutions. The exploration 

means collection of new information, therefore 

the exploration can define as the process of 

discovering the various solutions within the 

search space. 

Firefly algorithm uses a kind of randomization 

by searching for a set of solutions. This method 

used by the flashing lights of fireflies in nature. 

Firefly algorithm uses randomization in the 

search process to eschew the solution being 

trammeled into local optimal. The local search 

for finding the solution in local optimum, 

should improve a candidate solution until 

improvements are discovered. 

Firefly attraction and attractiveness can change 

with distance. All Fireflies population 

automatically can be classified into different 

subgroups. Each group swarm around each 

local optimum mode, the best and efficient 

global solution can be discovered among these 

modes. For discovering the best location in the 

search space, firefly algorithm generates 

random initial population of possible candidate 
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solutions. Whole of the solutions are considered 

in solution search space. For updating the 

knowledge of the firefly and its neighbors, 

every firefly in the population can travel in a 

multi-dimensional search space dynamically. 

The general process of the firefly algorithm is 

started by initialization of a swarm of fireflies 

for determination of flashing light intensity. 

The firefly algorithm has been inspired by 

behavior and the flashing patterns of fireflies. 

The three idealized main rules for the flashing 

characteristics are. 

1. All fireflies are unisex and one of them can 

attract other fireflies without considering their 

sex. 

2. The attractiveness is commensurate to firefly 

flashing brightness, so both of them decrease 

when the distance increases. If a firefly finds 

brighter flashing, it will move toward one, 

otherwise it will move randomly. 

3. Objective function can express as the 

brightness of the firefly flashing light, which 

should be optimized. 

After initializing, four main steps should be 

considered for optimizing problem as follows  

 Firefly evaluation 

 Attractiveness and light intensity 

 Distance 

 Movement 

3.1. Firefly evaluation  

Firefly flashing light intensity evaluation 

depends on the considered problem. For 

example, in the present study the maximum 

heat transfers capability and minimum total 

resistance are considered. 

 

3.2. Attractiveness and light intensity 

Firefly algorithm is based on formulation of the 

attractiveness and the variation of the light 

intensity. The attractiveness is commensurate 

to the light intensity seen by neighbor fireflies 

and the attractiveness 𝛽 of a firefly can be 

present as 

𝛽 = 𝛽0𝑒−𝛾𝑟2
                                (27) 

In eq. (27), 𝛽0 is the initial attractiveness at r = 

0 and the distance between each pair of fireflies 

is r. The light intensity can be estimated using 

the following equation  

 

𝐼(𝑟) = 𝐼0𝑒−𝛾𝑟2
                         (28) 

Where, I(r) is the light intensity at a 

distance r, 𝛾 is a fixed light absorption 

coefficient and 𝐼0 is the intensity at the 

source. The attractiveness is a comparative 

measure of the light diagnosed by other 

fireflies while the intensity is explained as a 

complete measure of light sent out by the 

firefly. 

 

3.3. Distance 

The distance between any two fireflies can 

be defined as  

 

𝑟𝑚𝑛 = ||𝑥𝑚 − 𝑥𝑛|| = √∑(𝑥𝑚,𝑘 − 𝑥𝑛,𝑘)2

𝑑

𝑘=1

     (29) 

Where, 𝑟𝑚𝑛 is the Cartesian distance 

between any two fireflies m and n at 𝑥𝑚 

and𝑥𝑛. Also 𝑥𝑚,𝑘 is the ‘k'th component of 

the spatial coordinate 𝑥𝑚 of the ‘m'th firefly 

and the number of dimensions mentioned as 

d.  

 

3.4. Movement 

Each firefly tends to another attractive or 

brighter firefly. Movement for the firefly 

algorithm can be formulated as  

𝑥𝑚 = 𝑥𝑚 + 𝛽0𝑒−𝛾𝑚𝑛
𝑟2

(𝑥𝑛 − 𝑥𝑚) + 𝛼𝜀    (30) 
As previously mentioned, the term 

𝛽0𝑒−𝛾𝑚𝑛
𝑟2

(𝑥𝑛 − 𝑥𝑚) is expressed as the 

effect of attractiveness. Also the 

randomization term is shown with 𝛼𝜀 in 

which 𝛼 is the randomization parameter 

and 𝜀 ∈  [0,1] term is vector of random 

numbers. 

Modification of the flashing light 

absorption is an important factor for 

convergence of the firefly algorithm. In this 

process the initial value of the flashing light 

absorption parameter is specified a constant 

value and according to the optimization 

performance the initial value is modified. 

The firefly algorithm optimization 

procedure continues until the end of 

generation. At first one of the generated 

fireflies is assumed as the brightest in 

populations then the other fireflies move 
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towards the brightest firefly. According to 

this performance, fireflies are ranked 

during optimization procedure. The 

distance and attractiveness of each firefly 

from brighter one is computed and it 

influences on the procedure of motion for 

each firefly differently. 

 

4.2. Experimental validation 
Heat pipe geometry data, which used in 

experiment tabulated on table 1 the 

mathematical model validate by experimental 

data, which on figure 4.  

Measurement and calculation data shown 

maximum heat transport capability 

reduction caused by increment of working 

fluid temperature and difference between 

measurement and calculation data error 

reduced on lower temperature. Comparison 

between experimental data and generated 

data by firefly algorithm shown on figure 4. 

The algorithm calculation data gives 

17.8%, 15.7% and 6.76% error in compare 

to measurement data respectively at 

temperature’s 319.3, 311.1 and 304.5 (k). 

 
Table 1. Heat pipe geometry data in mm. 

W  dv d 𝛿 𝐿𝑒 𝐿𝑎 𝐿𝑐 

0.46 6.41 1.4 0.67 700 560 590 

 
Fig 3. Flowchart of optimization problem 

 
 

 

4. Result and optimization problem 

 

A firefly algorithm used to solve 

optimization problem of heat pipe with 

axial ‘’Ω” shaped micro grooves with the 

conditions mentioned in table1. As 

previously noted, firefly algorithm belongs 

to a metaheuristic-based optimization 

which randomly determined. 

In metaheuristic-based optimization 

algorithm it is required to have different 

optimization runs to determine the mean 

value of the objective function.  
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Fig 4. Comparison between experimental data and 

generated data by firefly algorithm 

 

In this study 45 fireflies was considered as 

population size. The global optimum 

function evaluations, 4000 has been 

determined after about 60 optimization 

iterations. Fig. 5 and 6 represent the 

convergence of maximum heat input rate 

and total thermal resistance.  

 
Fig 5. Convergence of firefly algorithm for 

maximum heat transfer 

 

 
Fig 6. Convergence of firefly algorithm for total 

thermal resistance 

 

The effect of number of grooves on heat 

transport capability and total thermal resistance 

as presented in figure 7 and 8. By increasing 

number of grooves heat transfer capability and 

total thermal resistance increased. By 

increasing vapor core diameter, heat transport 

capability increase and total thermal resistance 

decrease.  

 
Fig 7. Effects of number of grooves and vapor core 

diameter on heat transfer 

 
Fig 8. Effects of number of grooves and vapor core 

diameter on total thermal resistance 
 

As it shown in fig. 9 heat transfer capability 

and total thermal resistance by increasing 

width of slot, decreased. For equal in size 

width slot when grooves diameter is larger, 

heat transfer capability and total thermal 

resistance increased had fewer amounts (fig 

10, 11). 
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Fig 9. Effects of width of slot and grooves diameter 

on heat transfer. 

 

 
Fig 10. Effects of width of slot and grooves 

diameter on total thermal resistance. 

 

Figures 12 and 13 show the maximum heat 

transfer capacity and variation of total 

thermal resistance at different working 

temperature for the heat pipe. Working 

temperature significantly effects on the rate 

of maximum heat transfer. The maximum 

heat transfer capacity occurred about 271 

K. But working temperature has very light 

effect on total thermal resistance. 

 

 
Fig 11. Variation of total thermal resistance at different 

working temperature 

 

 

Fig 12. Total thermal resistance at different heat load 

 

 
Fig 13. Maximum heat transfer capacity at various 

working temperatures. 
 

 

5. Conclusions 
In this study a mathematical model of heat 

pipe with axial ‘’Ω” shaped micro grooves 

was considered and the firefly algorithm 

used to obtain an optimal design. The 

objective function of the optimization 

procedure are maximization of heat 

transport capability and minimization of the 

total thermal resistance. The effects of the 

structural parameters on objective function, 

were considered for analyzing and it shows 

larger number of grooves, larger vapor core 

diameter and wick diameter and smaller 

wick slot width will increase the heat 

transfer capability But the total thermal 

resistance will increase. Calculation data 

shown when temperature of working fluid 

increased maximum heat transport 

capability decreased. Finally, comparison 

between mathematical and experimental 

data error respectively shows 17.8%, 15.7% 

and 6.76% which seems reasonable 

difference so experimental data can verified 

the mathematical model.  

 

Reference 
[1] C. Yongping, Z. Wangfa, C. ZHANG, 

and S. H. I. Mingheng,(2010). “Thermal 

characteristics of heat pipe with axially 

swallow-tailed microgrooves,” Chinese 

J. Chem. Eng., vol. 18, no. 2, pp. 185–

193. 

[2] C. Zhang, Y. Chen, M. Shi, and G. P. 

0.012

0.014

0.016

0.018

0.02

0.022

0.024

0.026

0.35 0.4 0.45 0.5 0.55 0.6 0.65

𝑅
𝑡𝑜
𝑡/

k
/W

W/mm

d=1.2mm

d=1.4mm

d=1.6mm

dv=6.5 mm        δ=0.65 mm        N=15

0.01

0.012

0.014

0.016

0.018

0.02

0.022

240 260 280 300 320 340

𝑅
𝑡𝑜
𝑡/
k
/W

Twork/K

dv=6.5 mm        δ=0.65 mm        N=18

do = 12.5 mm     d = 1.4 mm       w = 0.5 mm

0.008

0.01

0.012

0.014

0.016

0.018

0.02

140 190 240 290

𝑅
𝑡𝑜
𝑡/
k
/W

Q/w

dv=6.5 mm        δ=0.65 mm        N=18

do = 12.5 mm     d = 1.4 mm       w = 0.5 mm

140

160

180

200

220

240

260

280

300

240 260 280 300 320

Q
m

ax
/ 

W

Twork/K

dv=6.5 mm        δ=0.65 mm        N=18

do = 12.5 mm     d = 1.4 mm       w = 0.5 mm



 
ithmMulti Objective Optimization of Heat Pipe Using Firefly Algor 

Seyed Mohsen Momeni, Majid Eshagh Nimvari, Gholamreza Salehi, Hossein Amoozadkhalili 
 

 

 

Peterson,(2009). “Optimization of heat 

pipe with axial ‘Ω’-shaped micro 

grooves based on a niched Pareto 

genetic algorithm (NPGA),” Appl. 

Therm. Eng., vol. 29, no. 16, pp. 3340–

3345. 

[3] A. Faghri,(1995)." Heat pipe science 

and technology". Global Digital Press. 

[4] Y. Wang and K. Vafai,(2000). “An 

experimental investigation of the 

thermal performance of an 

asymmetrical flat plate heat pipe,” Int. J. 

Heat Mass Transf., vol. 43, no. 15, pp. 

2657–2668. 

[5] F. Lefèvre, R. Rullière, G. Pandraud, 

and M. Lallemand,(2008). “Prediction 

of the temperature field in flat plate heat 

pipes with micro-grooves–

Experimental validation,” Int. J. Heat 

Mass Transf., vol. 51, no. 15–16, pp. 

4083–4094. 

[6] R. Revellin, R. Rullière, F. Lefèvre, and 

J. Bonjour,(2009). “Experimental 

validation of an analytical model for 

predicting the thermal and 

hydrodynamic capabilities of flat micro 

heat pipes,” Appl. Therm. Eng., vol. 29, 

no. 5–6, pp. 1114–1122. 

[7] Luis F.R.RomanoGuilherme B.Ribeiro, 

(2021). Optimization of a heat pipe-

radiator assembly coupled to a 

recuperated closed Brayton cycle for 

compact space power plants, Applied 

Thermal Engineering, Vol.129. 

[8] N. Chauris, V. Ayel, Y. Bertin, C. 

Romestant, and D. Eysseric,(2013). 

“Hydraulic modelling of a flat heat pipe 

with two different groove shapes and a 

small vapour section,” Appl. Therm. 

Eng., vol. 61, no. 2, pp. 311–326. 

[9] S. J. Kim, J. K. Seo, and K. H. 

Do,(2003). “Analytical and 

experimental investigation on the 

operational characteristics and the 

thermal optimization of a miniature heat 

pipe with a grooved wick structure,” Int. 

J. Heat Mass Transf., vol. 46, no. 11, pp. 

2051–2063. 

[10] ZhiguangHe,HaonanXi (2021). Energy 

efficiency optimization of an integrated 

heat pipe cooling system in data center 

based on genetic algorithm, Applied 

Thermal Engineering, Vol.182. 

[11] K. H. Do, S. J. Kim, and S. V 

Garimella,(2008). “A mathematical 

model for analyzing the thermal 

characteristics of a flat micro heat pipe 

with a grooved wick,” Int. J. Heat Mass 

Transf., vol. 51, no. 19–20, pp. 4637–

4650. 

[12] Y. M. Hung and Q. Seng,(2011). 

“Effects of geometric design on thermal 

performance of star-groove micro-heat 

pipes,” Int. J. Heat Mass Transf., vol. 

54, no. 5–6, pp. 1198–1209, 2011. 

[13] Y. Hu, J. Cheng, W. Zhang, R. 

Shirakashi, and S. Wang,(2013). 

“Thermal performance enhancement of 

grooved heat pipes with inner surface 

treatment,” Int. J. Heat Mass Transf., 

vol. 67, pp. 416–419. 

[14] F. L. Chang and Y. M. Hung,(2014). 

“The coupled effects of working fluid 

and solid wall on thermal performance 

of micro heat pipes,” Int. J. Heat Mass 

Transf., vol. 73, pp. 76–87. 

[15] J. Cheng, G. Wang, Y. Zhang, P. Pi, and 

S. Xu,(2017). “Enhancement of 

capillary and thermal performance of 

grooved copper heat pipe by gradient 

wettability surface,” Int. J. Heat Mass 

Transf., vol. 107, pp. 586–591. 

 [16] F. L. Chang and Y. M. Hung,(2017). 

“Dielectric liquid pumping flow in 

optimally operated micro heat pipes,” 

Int. J. Heat Mass Transf., vol. 108, pp. 

257–270. 

 [17]      B. Ghorbani, M. Maleki, A. Salehi, G. 

R. Salehi, and M. Amidpour, 

“Optimization of Distillation Column 

Operation by Simulated Annealing,” 

Gas Process. J., vol. 1, no. 2, pp. 49–63, 

2013. 

[18] G. Salehi, M. H. Khoshgoftar Manesh, 

and A. Alahyari, “Thermodynamic and 

Exergoeconomic Evaluation of Heat 

Recovery of Gas Refinery Steam 

Network Using Organic Rankine Cycle 

and Kalina Cycle with Different 

Fluids,” J. Energy Eng., vol. 146, no. 3, 

p. 5020002, 2020. 

[19] S. M. Momeni, G. Salehi, and M. E. 

Nimvari, “Modeling and 

thermoeconomic optimization of marine 

https://www.sciencedirect.com/science/article/abs/pii/S1359431121007900#!
https://www.sciencedirect.com/science/article/abs/pii/S1359431121007900#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/article/abs/pii/S1359431120332828#!
https://www.sciencedirect.com/science/article/abs/pii/S1359431120332828#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311


 
ithmMulti Objective Optimization of Heat Pipe Using Firefly Algor 

Seyed Mohsen Momeni, Majid Eshagh Nimvari, Gholamreza Salehi, Hossein Amoozadkhalili 
 

 

 

diesel charge air cooler,” Energy, vol. 

162, pp. 753–763, 2018. 

[20] k. G. Mofrad, s. Zandi, g. Salehi, and m. 

H. K. Manesh, “Comparative 4E and 

advanced exergy analyses and multi-

objective optimization of refrigeration 

cycles with a heat recovery system,” Int. 

J. Thermodyn., vol. 23, no. 3, pp. 197–

214, 2020. 

[21] M. Ghiasi, M. H. Khosgoftar Manesh, 

K. Lari, G. Salehi, and M. Torabi Azad, 

“A New Algorithm for the Design of 

Site Utility for Combined Production of 

Power, Freshwater, and Steam in 

Process Industries,” J. Energy Resour. 

Technol., vol. 144, no. 1, p. 12102, 

2021. 

 [22] D. Deng, Y. Tang, J. Zeng, S. Yang, and 

H. Shao,(2014). “Characterization of 

capillary rise dynamics in parallel micro 

V-grooves,” Int. J. Heat Mass Transf., 

vol. 77, pp. 311–320. 

[23] Eshraghi A, Salehi G, Heibati S, Lari K. 

An enhanced operation model for 

energy storage system of a typical 

combined cool, heat and power based on 

demand response program: the 

application of mixed integer linear 

programming. Build Serv Eng Res 

Technol 2019;40(1):47–74. 


