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1. Introduction 

Cancer refers to one of the several conditions defined 

by an unregulated breakdown of anomalous cells, capable 

of invasion and degradation of normal corporal tissue. 

Cancer will also spread all over your body in unexpected 

ways. Previous study shows that cancer was the leading 

cause of death in industrialized countries while death was 

a second leading cause in developed countries [1]. Some 

researchers also stated that 85% of human cancers are 

caused by solid tumors liked mesothelioma, sarcomas, 

lymphomas, sarcomas as well as cancers of the breast, 

prostate, kidney, ovaries, pancreas, thyroid, and colon. In 

2018, 18.1 million new diagnoses and 9.6 million deaths 

from cancer were announced by the World Health 

Organization [2]. In this study, heat will be used as one of 

the treatment therapies in which heat is a form of energy 

[3] that transfer from one body to another as the result of a  

 

difference in temperature. The basic concept of heat flow 

is from high temperature to low temperature [4] as the low 

temperature need some device to drive it to the high 

temperature. Heat energy also transferred through some 

concept which is conduction is physically contact, 

convection is the movement of fluids and radiation is 

emitted electromagnetic energy [4]. On the other hand, 

heat transfer in living organism's biological systems is very 

necessary in several physiological processes since the 

function is essential [5]. 

The treatment that uses heat is called hyperthermia 

therapy. Hyperthermia is a condition in which body will be 

exposed to the higher temperature [5] than normal body 

temperature 37oC. The best heat treatment for 

hyperthermia is known when the treatment does not give 

the side effects to normal tissues. It is because, the 

Abstract: The malignant brain tumor is cancer which is not controlled by the cells of the brain, and 

which produces new cells until normal cells are overwhelmed and body system problems are caused. 

There are several treatments that people normally do, but it has a side effect on the body. Based on 

previous study, hyperthermia is a treatment that can reduce the size of tumor with less side effect to 

the surrounding tissue. The method of hyperthermia treatment is applied to this study which is the 

heat is applied to the tumor with certain temperature and time treatment. This research focuses on 

heat distribution to a different temperatures of malignant brain tumor. Other’s thing that needs to 

find out is comparison on heat distribution of brain tumor for different temperature with different 

depth of tumor inside the brain. The CFD is applied in these cases and Ansys Fluent is used to run 

the simulation. The heat source that used in this study is infrared. For all simulation, a time 

considered is 500 seconds and a time step is 0.1 second.  From the result obtained, the tumor 

temperature is increase due to the increasing of temperature that is applied to the skin from the heat 

source. For the different position of tumor, the heat was not penetrated well due to the depth of the 

tumor inside the brain. The temperature also needs to be rise if the tumor were growth deep inside 

the brain, but it needs some study on temperature and time treatment that want to use. The size of 

the tumor did not affect the temperature of the tumor, as the simulation results demonstrated that 

the temperature remained constant, but the position depth of tumor give the biggest effect on heat 

to penetrate. The heat generation of the tumor is affected the temperature that comes out from the 

tumor. This research study also helps the medical expert in improving the efficiency of the treatment 

based on heat distribution with different temperature.  

Keywords: Hyperthermia, brain tumor, CFD, Ansys Fluent 

 



Journal of Complex Flow, Vol. 4 No. 2 (2022) p. 1-5 

 
 

2 
Published by FAZ Publishing 

http://www.fazpublishing.com/jcf 

 

exposure of heat to surrounding tissue may give the side 

effects as it can make normal tissue damage. Furthermore, 

in this study it will be one design model for brain tumor 

that being created using SolidWorks 2019 and it should be 

saved as a IGS file before import to ANSYS software. 

There is one size of tumor with spherical shape and three 

positions of the tumor in brain that will be run for this 

study. The tumor will be at center of the brain, but the 

depth is different. SOLIDWORKS and Computational 

Fluid Dynamic (CFD) are applied to figure out this study. 

Cancer has been one of the deadliest diseases people 

have encountered over past decade, and it has no specific 

cause and no definitive treatment [6] found it yet. 

Therefore, hyperthermia is one of the ways to treat cancer, 

but the treatment gives different effect on patient 

depending to the heat generation of the nanoparticle that 

been injected to the patient. Due to the process, the heat 

also will expose to the surrounding tissue and muscle. The 

distribution of heat will give big effect in the process where 

too much heat will damage both cancer cell and human 

tissue. Therefore, what is the suitable heat distribution in 

the process, so that hyperthermia will increase the 

temperature without overheating and damaging the 

surrounding tissues. 

This research will examine the distribution of heat 

based on the heat sources which is infrared in the different 

position of tumor in brain. It mainly focuses on 

determination of the heat flow on malignant brain tumors 

using hyperthermia therapy. Besides that, this research will 

investigate the distribution of heat (infrared) flow on 

malignant tumors using hyperthermia therapy and will 

determine the effectiveness of hyperthermia therapy using 

infrared toward brain tumor. 

 

2. Previous Work on Hyperthermia 

Basically, hyperthermia treatment is divided by two 

which is local hyperthermia and regional hyperthermia, 

and each treatment has their own benefic to heal the cancer 

patients. Hyperthermia therapy not only improves the role 

of the immune system, but it is also appealing since it is 

physically less risky to care than chemotherapy and 

radiation, and repeated therapy can be done without regard 

to cumulative toxic side effects [7]. For local 

hyperthermia, it was the one of the most popular treatment 

strategies for cancerous tumors near the skin surface or 

near the natural body orifices.  

Furthermore, local hyperthermia also usually used for 

the treatment of local cancer by raising the temperature of 

tumors if normal surrounding tissues are not damaged [8]. 

There are many studies have proved that local 

hyperthermia can enhance the immunity of anti-tumors in 

human body [9]. Besides that, [10] that in treatment of 

human papillomavirus (HPV) infected skin lesions, local 

hyperthermia in the range temperature of 42𝑜𝐶 − 49𝑜𝐶 

has been used successfully with adequate tolerance and 

low adverse effects. 

 

Hyperthermia is cancer cytotoxic and functions as a 

chemo sensitizer and a radiation agent [11]. As for regional 

hyperthermia, it is defined as a target-specific therapy and 

six descriptions of hyperthermia are suggested to 

counteract the pleiotropic effect of this treatment method 

to growth and development of tumors [12]. However, 

regional hyperthermia is typically used to treat illness in 

deeper tissues or in large areas of the body, including the 

limb and organ, with a temperature rise of 43°C for two 

hours [8]. The regional hyperthermia usually combined 

with others therapy treatment which is chemotherapy or 

radiation therapy due to the temperature of treatment is not 

enough to destroy the cells cancer. 

 

2.1 Stage of hyperthermia 

Hyperthermia happens in three phases which are heat 

cramps, heat exhaustion, and heat stroke, and this 

happened when the body's core temperature starts 

increasing as the latest one is the most extreme. An early 

sign of heat illness and dehydration can be heat cramps. 

Usually, people complain of cramping in the muscles that 

are exercised that cannot be healed by stretching. 

Following extreme, sustained exercise, cramps may occur 

and result from water loss and body electrolyte imbalances 

such as sodium, potassium, and calcium. It is also possible 

to experience physical fatigue and dizziness (famous in 

younger participants). More prone are poorly acclimatized 

athletes [13]. To prevent more severe thermal injuries, it is 

necessary to treat the athlete immediately. 

Heat exhaustion is a more extreme heat disease that 

is attributed to intense sweating caused by excessive loss 

of body fluids. Profuse sweating, cool, clammy, and pale 

skin and a weak, fast pulse are characterized by this 

condition. Usually, the athlete is lightheaded, experiences 

chills or shivering and is unable to focus. This can lead to 

heat stroke [14] if left untreated, which is a rare, acute, life-

threatening injury that sometimes results in serious brain 

damage or death. The variations between heat fatigue and 

heat stroke are also not that straight cut. Signs and 

symptoms that related to heat exhaustion can be seen and 

have a core temperature suggesting heat stroke. 

Heat stroke is a medical tragedy that needs urgent 

medical attention and is characterized by three main 

symptoms that are greater than 40oC in rectal temperature 

[15], marked mental confusion or unconsciousness, and 

shock. It is likely that the person will not sweat, and their 

skin will be hot, dry and red. People will have a quick and 

bounding pulse, and their breathing will be swift and deep. 

However, rectal temperature is the most accurate way to 

detect heat stroke. 

 

3. Methodology 

This methodology explained detail about the steps 

and procedure that involve in the simulation by using 

computational fluid dynamics (CFD). This research is to 

simulate the heat distribution on the brain malignant tumor.  
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3.1 Flowchart 

Figure 1 below shows the planning flow chart from 

early stage to the last stage of tumors. The flow chart that 

has been arranged was considering all aspects and very 

detailed to make sure the simulation always on track and 

can be done within its time as planned. 

 
Fig. 1 – The flowchart of the simulation process 

 

3.2 Boundary conditions and meshing 

All the equation that used in the CFD is based on the 

following principle where it can be expressed in 

mathematical equation term. However, it can be change in 

partial differential equation or it can be call as Navier-

Stokes Equation. Each boundary condition must be 

specified and input the whole parameter. In this study, the 

skin thickness that will be consider is 5 mm while the skull 

thickness is within the range 6 mm until 28 mm. As for the 

heat, it is applied to the brain model by heat source. There 

is one heat source that used for this research which is 

infrared.  

Table 1 shows the physical properties of the skin, 

skull, brain, and tumor that will used in this study to run 

the simulation. In this study, the heat generation only 

consider at tumor with the value is 8750000 w/m2 and it is 

obtained from [16]. Based on previous study, the tumor 

temperature is higher than the body temperature and it is 

called as abnormal tissue in human body. 
 

Table 1 – Physical properties 

 Skin  Skull Brain Tumor 

Density (Kg/m3) 1100 1028 1046 1090 

Specific heat (J/Kg. K) 3770 850 3630 3421 

Thermal conductivity 

(W/m.K) 
58.15 16.5 0.51 0.49 

 

 

The analysis of the brain tumor with position of the 

tumor 8mm from the top of the brain based on mesh setup 

is shown in Table 2. The mesh setup was selected from 

second GIT that consisted of 277168 nodes. The mesh 

setup is focusing on the tumor than the brain, skull, and 

skin. It is because the tumor was placed inside deep of the 

brain. The brain model geometry only has one size but the 

position of the tumor that placed inside the brain were 

different. In this study, it will have three different positions 

of the tumor inside deep of the brain because there’s no 

specific position for the tumor growth. The different 

position of tumor does not affect the values for nodes and 

elements because the size of tumor reminds same. 

 
Table 2 – Mesh detail for GIT 

Meshing Setup 

No. of nodes 277168 

No. of elements 1545694 

Smoothing Medium 

Orthogonal max. 0.900000 

Minimum 1.4187e-004 

Maximum 0.84965 

Average 0.21958 

Standard deviation 0.12162 

 

The temperature analysis of the hyperthermia brain 

model is focusing on the temperature distribution between 

tumor and brain. Besides that, the temperature distribution 

for brain tumor model and heat sources for infrared is set 

into 7 different temperatures between 40℃ to 45℃. 

 

4. Results and Discussion 

The simulation results due to shape, position of tumor 

from top of brain, and the temperature used in this study. 

So, the result shows the different temperature started from 

40℃ until 45℃ that really penetrate to the tumor 

according to the position of tumor from the top of brain. 

Figure 2 to 4 shows the simulation results for temperature 

distribution with different positions and of tumor and 

temperature. 

Based on the result from the figures, the best heat 

distribution and penetration that can fully covered the 

tumor is 8 mm from the top of the brain. Based on the result 

given, the heat used at 40℃ which indicates the lowers 

heat temperature used in this study, the simulation result 

shows the heat still can fully covering the tumor at the 

lowers temperature set within 8minutes. The other heat 

temperature set which is the higher temperature in this 

study and the value is 45℃, shows the heat distribution and 

heat penetration are fully covered the tumor. It can be 

assumed that the tumor is effect to the heat according to 

previous study [17] that mentioned the heat can reduce the 

percentage size of the tumor. However, the tumor can be 

cure by using heat but its take time because the temperature 

needs to manage wisely to make sure that heat not making 

a damage on surrounding tissues.  
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40℃ 41℃ 

  
42℃ 43℃ 

  

44℃ 45℃ 

Fig. 2 – Temperature penetration on tumor located 8 mm 

from top of brain 
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42℃ 43℃ 

  

44℃ 45℃ 

Fig. 3 – Temperature penetration on tumor located 10 mm 

from top of brain 
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44℃ 45℃ 

Fig. 4 – Temperature penetration on tumor located 15 mm 

from top of brain 

 

In this case, the purpose of the study was to 

investigate the heat distribution on brain tumor which the 

heat sources used are infrared. In this study, the infrared 

with 39℃ to 45℃ temperature is relevant to use if the 

tumor deep from the top is 8 mm due to the simulation 

result given at the Table 3. Furthermore, when the heat was 

applied to the skin, the tumor will produce reaction such as 

heat because the tumor has its own heat generation. The 

heat from the tumor will go through to the surrounding. 

Increasing the temperature from the heat source will make 

the temperature at tumor increase also. Based on this study, 

the heat generation of the tumor is affected the temperature 

distribution because tumor temperature is linearly increase 

due to the temperature applied from the heat source. In this 

study, it can be concluded that suitable temperature and 

time to treat the tumor seriously need to be emphasis due 

to the distribution of heat that will give impact on 

surrounding tissue. 

 

5. Conclusion 

Results of the simulation reveal the distribution of 

heat towards malignant tumor. According to results, the 

heat is really penetrated and distributes around 40℃ until 

45℃ in the depth of 8mm from the top of the brain. The 

results also reveal that the heat is don’t give any side effect 

to the surrounding area (brain, skin and skull) because the 

temperature and time treatment were managed wisely. 
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In overall, the objective of this study has been 

achieved. The objective is to determine the heat flow on 

malignant brain tumors using hyperthermia therapy, to 

investigate the distribution of heat (infrared) flow on 

malignant tumors using hyperthermia therapy and to 

investigate the effectiveness of hyperthermia therapy using 

infrared toward brain tumor. 

There are several recommendations that need to done 

in the next study which are the geometry of modelling 

should not be too complex which can make meshing and 

setup process not difficult, a meshing should be more 

focusing at the complex or critical area to make the result 

more accurate, a max skewness mesh should be lower and 

it will make the result more accurate and can minimize the 

error from obtain, the heat source that uses should be 

higher gap to show the result is more different and the 

temperature uses need to be added if the position of the 

tumor was different. 

 

Acknowledgement 

The author would also like to thank the Faculty of 

Mechanical and Manufacturing Engineering, Universiti 

Tun Hussein Onn Malaysia, and Flow Analysis, 

Simulation and Turbulence Research Group (FASTREG) 

for its support. 

 
 

References  

 

[1] Grysa, K., & Maciąg, A. Identifying heat source intensity in 

treatment of cancerous tumor using therapy based on local 

hyperthermia – The Trefftz method approachs. Journal of 

Thermal Biology, 84(April), (2019): 16–25.  

[2] Mattoso, R., & Novotny, A. A. Pointwise antennas design 

in hyperthermia therapy. Applied Mathematical Modelling, 

89, (2021): 89–104.  

[3] Day, T., Doige, C., & Young, J. The concept of “heat” in 

physical geography. Geography, 95(1), (2010): 33–37. 

https://doi.org/10.1080/00167487.2010.12094280 

[4] Ghassemi, M., & Shahidian, A. Biosystems Heat and Mass 

Transfer. Nano and Bio Heat Transfer and Fluid Flow, 

(2017): 31–56. https://doi.org/10.1016/b978-0-12-803779-

9.00003-0 

[5] Shirkavand, A., & Nazif, H. R. Numerical study on the 

effects of blood perfusion and body metabolism on the 

temperature profile of human forearm in hyperthermia 

conditions. Journal of Thermal Biology, 84(February), 

(2019): 339–350.  

[6] Cheung, F. Engineering of new graphene-based materials as 

potential materials to assist near-infrared photothermal 

therapy cancer treatment. Heliyon, 6(6), (2020): 1–7. 

https://doi.org/10.1016/j.heliyon.2020.e04131 

[7] Liang, X., Zhou, H., Liu, X., He, Y., Tang, Y., Zhu, G., 

Zheng, M., & Yang, J. Effect of local hyperthermia on 

lymphangiogenic factors VEGF-C and -D in a nude mouse 

xenograft model of tongue squamous cell carcinoma. Oral 

Oncology, 46(2), (2010): 111–115. 

[8] Sayyaf, N., & Tavazoei, M. S. Robust control of 

temperature during local hyperthermia of cancerous tumors. 

European Journal of Control, 52, (2020): 67–77. 

https://doi.org/10.1016/j.ejcon.2019.08.004 

[9] Toraya-Brown, S., Sheen, M. R., Zhang, P., Chen, L., Baird, 

J. R., Demidenko, E., Turk, M. J., Hoopes, P. J., Conejo-

Garcia, J. R., & Fiering, S. Local hyperthermia treatment of 

tumors induces CD8+ T cell-mediated resistance against 

distal and secondary tumors. Nanomedicine: 

Nanotechnology, Biology, and Medicine, 10(6), (2014): 

1273–1285.  

 

 

 

[10] Zhu, L. li, Gao, X. H., Qi, R., Hong, Y., Li, X., Wang, X., 

Mchepange, U. O., Zhang, L., Wei, H., & Chen, H. D. 

Local hyperthermia could induce antiviral activity by 

endogenous interferon-dependent pathway in condyloma 

acuminata. Antiviral Research, 88(2), (2010): 187–192. 

https://doi.org/10.1016/j.antiviral.2010.08.012 

[11] Moon, S. D., Ohguri, T., Imada, H., Yahara, K., 

Yamaguchi, S., Hanagiri, T., Yasumoto, K., Yatera, K., 

Mukae, H., Terashima, H., & Korogi, Y. Definitive 

radiotherapy plus regional hyperthermia with or without 

chemotherapy for superior sulcus tumors: A 20-year, single 

center experience. Lung Cancer, 71(3), (2011):  338–343. 

https://doi.org/10.1016/j.lungcan.2010.06.007 

[12] Issels, R., Kampmann, E., Kanaar, R., & Lindner, L. H. 

Hallmarks of hyperthermia in driving the future of clinical 

hyperthermia as targeted therapy: Translation into clinical 

application. International Journal of Hyperthermia, 32(1), 

(2016): 89–95. 

https://doi.org/10.3109/02656736.2015.1119317 

[13] Katzberg, H. D. Case Studies in Management of Muscle 

Cramps. Neurologic Clinics, 38(3), (2020): 679–696. 

https://doi.org/10.1016/j.ncl.2020.03.011J. O. 

[14] Syncope, H., & Cramps, H. CHAPTER Heat Illness. (n.d.): 

4–7. https://doi.org/10.1016/B978-0-323-07909-9.00002-7 

[15] Han, S., Kim, B. kyun, & Yum, K. S. Unusual 

manifestation of heat stroke:     Isolated trochlear nerve 

palsy. Journal of Stroke and Cerebrovascular Diseases, 

29(10), (2020): 105105. 

https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.10510

5. 

[16] Adhikary, K., & Banerjee, M. A Thermofluid Analysis of 

the Magnetic Nanoparticles Enhanced Heating Effects in 

Tissues Embedded with Large Blood Vessel during 

Magnetic Fluid Hyperthermia. Journal of Nanoparticles, 

2016, (2016): 1–18. https://doi.org/10.1155/2016/6309231. 

[17] Phan, T. T. V., Bui, N. Q., Cho, S. W., Bharathiraja, S., 

Manivasagan, P., Moorthy, M. S., Mondal, S., Kim, C. S., 

& Oh, J. Photoacoustic Imaging-Guided Photothermal 

Therapy with Tumor-Targeting HA-FeOOH@PPy 

Nanorods. Scientific Reports, 8(1), (2018): 1–13. 

https://doi.org/10.1038/s41598-018-27204-8. 

 


