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Abstract. The heat pipe type waste heat recovery system can effectively reduce energy 

consumption when the ship is sailing in a polar region, so it has great engineering application value. 

In order to improve the design of the heat pipe waste heat recovery system and ensure that 

the design parameters meet the design requirements, this project has carried out a three-dimensional 

simulation analysis of the internal flow field of the heat pipe waste heat recovery system. Through 

reasonable model processing, application of boundary conditions, and the assignment of physical 

attributes The flow field characteristics of the key positions of the heat pipe type waste heat 

recovery system were obtained scientifically and effectively. The model was simulated and 

calculated, and the flue gas temperature distribution in the evaporator heat exchange tube, 

the overall temperature distribution of the waste heat recovery system, and the temperature change 

curve from the cold water entering the condenser to the steady state were obtained. The change 

curve of the thermal efficiency of the system during the temperature of the flue gas from 

the evaporator to the steady state. 

 

Аннотация. Система рекуперации отработанного тепла эффективно снижает 

потребление энергии, когда судно плавает в полярной области, поэтому она имеет большое 

значение для инженерного применения. В целях совершенствования конструкции системы 

рекуперации отработанного тепла тепловых труб и обеспечения соответствия проектных 

параметров проектным требованиям в данной работе был проведен трехмерный 

имитационный анализ внутреннего поля потока системы рекуперации отработанного тепла 

тепловых труб. С помощью обоснованной обработки модели, применения граничных 

условий и присвоения физических атрибутов были теоретически и экспериментально 

получены характеристики поля течения ключевых положений системы утилизации 

отработанного тепла типа тепловых труб. Была смоделирована и рассчитана модель, а также 

получено распределение температуры дымовых газов в теплообменной трубе испарителя, 

общее распределение температуры системы утилизации отработанного тепла и кривая 
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изменения температуры от холодной воды, поступающей в конденсатор, до установившегося 

состояния. Кривая изменения теплового КПД системы при переходе температуры дымовых 

газов из испарителя в стационарное состояние. 

 

Keywords: flue gas heat recycling, heat pipe heat exchanger, simulation. 
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моделирование. 

 

Introduction 

The operating temperature of surface ships in polar navigation is low, and daily heating 

equipment of ship personnel needs to consume a large amount of energy. About 50% of the diesel 

engine's thermal energy is lost, and about 25% of the heat is taken away by the exhaust gas. This 

part accounts for 10% of the fuel plutonium. It has a high taste and great potential for recycling. 

Therefore, there is great potential for recovering the thermal energy in the diesel exhaust gas. In 

order to reduce the ship's overall energy consumption, the waste heat of the ship's boiler exhaust gas 

can be used as auxiliary energy for ship's daily heating, gas supply, power supply, and power. This 

solution can effectively improve the total utilization of thermal energy, reduce fuel consumption 

indicators, and reduce power consumption, thereby achieving higher economic benefits. In order to 

demonstrate the reliability of the heat pipe type waste heat recovery system, the project used the 

fluid calculation software Fluent to carry out a simulation calculation of the internal flow field of 

the heat pipe type waste heat recovery system based on "three evaporators". Through the simulation 

calculation of the internal flow field of the equivalent scale model under 6 working conditions, the 

temperature, pressure, and flow rate of the working fluid, flue gas, water, and other fluids in the 

evaporator, condenser, and pipeline under each working condition are obtained. And other physical 

parameters. So as to provide theoretical proof for the implementation of the project plan. 

 

Material and research methods 

This article takes the heat pipe type waste heat recovery system as the research object, and based 

on the FLUENT software platform, simulates the physical situation of the internal flow field of the key 

components such as the evaporator and the condenser during the system work. The specific research 

goals are mainly divided into five steps. First, a three-dimensional geometric model for finite element 

calculation is established. The heat pipe waste heat recovery system involves more than 5,000 parts and 

the system is relatively complicated. Some of these components have a small impact on the simulation 

calculations, but adversely affect the mesh division and loading of boundary conditions. Without 

affecting the reliability of the calculation, in order to improve the calculation efficiency, the geometric 

model of the actual system needs to be simplified to meet the applicability of the finite element 

software. Secondly, a flow field simulation calculation scheme for the heat pipe type waste heat 

recovery system is proposed. During the grid division test of the heat pipe waste heat recovery system, 

it was found that if the overall system model is directly meshed, the total number of units will exceed 

100 million. The existing calculation conditions cannot achieve the finite element calculation of this 

order of magnitude model. To this end, a calculation method of "local + whole" is proposed, in which 

the local model is an evaporator model, and the overall model includes a condenser and related pipes. 

The evaporator is used as the input and output of the flue gas and the output device of the heat 

exchange working medium. The calculation of a single evaporator can obtain the flue gas and working 

medium outflow parameters under the corresponding working conditions. Then obtain the overall 

model input parameters. Establish a local finite element simulation calculation model, complete the 
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local model calculation, and provide calculation input parameters for the overall model. Complete the 

overall simulation calculation. The overall calculation model is established, and combined with the 

local calculation model; the flow field calculation of the heat pipe waste heat recovery system is 

completed. Finally, a variety of operating conditions were substituted into the calculation model to 

obtain relevant simulation results. The calculation scheme in this paper will adopt the "local + whole" 

thinking to realize the flow field simulation of the heat pipe waste heat recovery system. The specific 

technical route is shown in Figure 1. 
 

 
 

Figure 1. Simulation Computing Technology Route 

 

The heat pipe type waste heat recovery system mainly includes components such as an 

evaporator, a condenser, and a working fluid pipeline. The schematic diagram of the system is 

shown in Figure 2. The evaporator and the condenser are both tube-and-tube heat exchangers. The 

shell side of the evaporator is the working medium, the tube side is the flue gas, the condenser pipe 

is the cooling water, and the shell side is the working medium. After the flue gas enters the tube side 

of the evaporator, the flue gas heats the working medium in the shell side of the evaporator through 

the heat conduction of the tube wall. The working medium is heated to evaporate into a gaseous 

state and is collected in the vapor cavity of the evaporator. Driven by the gas phase working fluid 

pipeline into the condenser's steam cavity, the steam is then distributed into the shell and heat is 

transferred to the cooling water in the condenser tube through tube wall heat exchange. The 

working fluid in the tube is condensed into heat The liquid returns to the evaporator through the 

condensate line under the effect of gravity. 
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Figure 2. Structure diagram of heat pipe type waste heat recovery system 

 

SOLIDWORKS software is used to model the relevant components of the heat pipe type 

waste heat recovery system and achieve system assembly. The 3D geometric model of the system 

was imported into ICEM in ANSYS WORKBENCH software platform for finite element mesh 

division, and the finite element model was submitted to FLUENT software for calculation. The 

overall assembly model of the heat pipe waste heat recovery system is shown in Figure 3.  
 

 
 

Figure 3. Overall assembly model of heat pipe type waste heat recovery system 

 

Through the pulsation boosting heat transfer experiment, the change curves of the pressure 

increase value of the diaphragm supercharger with time at different pulsation frequencies were 

obtained. The change curves of the pipe pressure before and after the boost were compared [8]. The 

pressure was obtained by analyzing the experimental data Change as a function of time.  

The project needs to carry out simulation calculations for the model under five operating 

conditions. The relevant operating conditions are shown in Table 1. 
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Table 1. 

FIVE OPERATING CONDITIONS 
 

Condition number 1 2 3 4 5 

Power /[Kw] 0 798 1596 2394 3990 

Load factor 0 20% 40% 60% 100% 

Post-vortex temperature /[℃] 364 425 476 512 537 

Exhaust flow/[m
3
/s] 4.5 5.6 7.3 9.6 15.2 

Exhaust flow /[Kg/s] 2.7 3.1 3.8 4.7 7.2 

Intake flow /[m
3
/s] 2.4 2.8 3.4 4.2 6.5 

Intake flow /[Kg/s] 2.6 3 3.6 4.6 7 

 

Results and discussion 

The model was imported into FLUENT software for iterative solution. The resulting cloud 

diagrams are shown in Figures 4-8. Among them, Figures 4 to 8 are cloud diagrams of surface 

temperature changes of the heat exchange tubes in evaporators 1 to 5. 
 

 
 

Figure 4. Temperature map of the internal pipeline of the evaporator under operating condition 1. 

 

 
 

Figure 5. Temperature map of the internal pipeline of the evaporator under operating condition 2 
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Figure 6. Temperature map of the internal pipeline of the evaporator under operating condition 3 

 

 
 

Figure 7. Temperature map of the internal pipeline of the evaporator under operating condition 4 

 

 
 

Figure 8. Temperature map of the internal pipeline of the evaporator under operating condition 5 

 

It can be seen from Figures 4 to 8 that after the flue gas enters, the internal temperature of the 

evaporator rises rapidly, and the temperature at the flue gas inlet is the highest. As the flue gas 

gradually exchanges heat with the working fluid outside the pipe in the evaporation pipe, the smoke 

gradually decreases the temperature at the gas outlet is the lowest. Because the evaporation tubes 

are very densely arranged, the temperature field inside the evaporator is relatively uniform. Only at 
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the center of the evaporator, the temperature difference is obvious, and the overall temperature 

difference of the flue gas in the pipeline is not large. 

The overall model was imported into FLUENT software for iterative solution, and the 

resulting cloud diagrams are shown in Figures 9-13. The overall model temperature change under 

working conditions 1~5. 
 

 
 

Figure 9. Temperature model of the overall model under operating condition 1 
 

 
 

Figure 10. Temperature model of the overall model under operating condition 2 
 

 
 

Figure 11. Temperature model of the overall model under operating condition 3 

 

http://www.bulletennauki.com/


Бюллетень науки и практики / Bulletin of Science and Practice 

https://www.bulletennauki.com 

Т. 6. №4. 2020 

https://doi.org/10.33619/2414-2948/53 

 

 Тип лицензии CC: Attribution 4.0 International (CC BY 4.0) 239 

 

 
 

Figure 12. Temperature model of the overall model under operating condition 4 

 

 
 

Figure 13. Temperature model of the overall model under operating condition 5 

 

It can be seen from Figures 9-13 that the steam generated by the evaporator enters the 

condenser through the large three-way pipe. Due to the large effective thermal resistance of the 

external insulation material of the pipe, the steam temperature changes little, and the temperature 

difference between the hot and cold surfaces after entering the condenser is obvious. The upper 

temperature of the condenser is significantly higher than the lower temperature. When the steady 

state is reached, the heat transfer of the condenser tube is uniform, and the temperature difference is 

not large. 

 
Figure 14. Condenser hot water outlet temperature as a function of calculation steps 

http://www.bulletennauki.com/


Бюллетень науки и практики / Bulletin of Science and Practice 

https://www.bulletennauki.com 

Т. 6. №4. 2020 

https://doi.org/10.33619/2414-2948/53 

 

 Тип лицензии CC: Attribution 4.0 International (CC BY 4.0) 240 

 

 
Figure 15. Thermal efficiency of waste heat recovery system 

 

According to Figures 14 and 15, it can be seen that the higher the flue gas temperature in the 

waste heat recovery system, the better the thermal efficiency of the system, and the more obvious 

the hot water temperature rises in the condenser. The simulation results show that the heat pipe type 

waste heat recovery system can effectively reduce energy consumption when the ship is sailing in 

polar regions, and thus has great engineering application value. 

 

Conclusion 

Aiming at the flue gas side of the heat pipe heat exchanger, the influence of flue gas inlet 

temperature on the resistance of flow heat transfer was analyzed. Increasing the temperature of the 

flue gas inlet can enhance the heat transfer performance and the flue gas temperature difference will 

increase accordingly. It is more appropriate to use an inlet speed of 6.5m / s ~ 8.5m / s. 

Based on the design parameters of the heat pipe heat exchanger, the flow heat transfer in the 

flue gas is simulated and analyzed. The velocity, temperature and pressure fields of the flue gas side 

of the heat exchanger were obtained. The smoke exhaust temperature and pressure drop data of the 

simulated flue gas proved the reliability of the simulation and the feasibility and accuracy of the 

phase-change heat exchanger design. 
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