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Abstract: Deoxygenated blood travels from the jugular veins to the heart. Due to Lemierre syndrome and blood 

clot development, blood cannot flow through these veins, which resemble a J-tip blood channel. In this study, jugular 

veins were shown to have a J-tip blood channel with an interior diameter of 5 millimeters. The flow control through 

a J-tip blood channel was estimated using fuzzy principles. A simulation of the estimated result has been carried out 

in ANSYS FLUENT. 305 milliliters per minute by Fuzzy and 304.6 milliliters per minute at a velocity of 2.913 meters 

per second and pressure of 4.717 x 103 Pa by ANSYS are determined flow rates. Comparing simulated data to 

previously reported data reveals consistency.  
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1. INTRODUCTION 

The neck is where the jugular veins are located. Blood 

from the brain, face, and neck is collected in these 

veins [1]. Through the superior vena cava, they deliver 

blood to the heart [2]. Infectious thrombophlebitis of 

the internal jugular vein is referred to as Lemierre's 

syndrome. It most frequently occurs in young, healthy 

persons as a side effect of a bacterial sore throat 

infection. Thrombophlebitis is a dangerous disorder 

that can result in septic emboli or other systemic 

consequences such as bloodborne infections. The most 

common cause of this illness is a bacterial throat 

infection that develops into a peritonsillar abscess. 

Anaerobic bacteria can thrive deep within the abscess. 

Internal abscess wall rupture causes bacterial-laden 

drainage to leak through the soft tissue and infect 

adjacent structures. Bacteria can enter the bloodstream 

by an infection that spreads to the neighboring internal 

jugular vein. Bacteria entered the bloodstream as a 

result of a throat infection and the development of 

anaerobic bacteria. The result of this inflammation is 

a blood clot. This sick clot can now obstruct a 

pulmonary artery branch. Heart failure is brought on 

by this artery, which carries blood to the heart and 

lungs. These veins then start to stand out [1, 2]. S. 

Mudd and S. B. Grant (1919) first brought up a throat 

infection [3]. Human necrobacillosis was  described 

by R. R. Gomes in 2022 and is now known as 

Lemierre's syndrome (a forgotten disease) [4]. Using 

ANSYS FLUENT [5], Kao et al. (2017) reported the 

J-tip (jugular veins) flow patterns. Y. L. Hsieh et al. 

(2021) discovered wall shear stress (WSS) patterns in 

animal jugular veins using ANSYS FLUENT [6]. 

Researchers used Fuzzy (Matlab) and ANSYS for 

simulation of different veins and other areas [7-20]. At 

various J tips, the flow rate varies in value. Blood 

flows more quickly when the rate is high enough. The 

jugular veins of neonates are taken into consideration 

in this study. For babies, the jugular veins have an 

interior diameter of 5 mm [21]. These veins have 

pressure 50 k Pa [22]. Both simulations used in this 

investigation had these boundary conditions applied to 

them.  

For modeling in this study, J-shaped fluidic channels 

are taken into consideration for modeling. The 

numerous J-shaped components that makeup jugular 

veins are known as J tips. The jugular vein's J tips are 

depicted in figure 1 below. 

The fluidic channel is L in length, D in diameter, R in 
radius, and P in pressure difference. Viscose-
containing blood is moving through this fluid route. 
The Q flow rate of blood via the fluidic channel is 
described by the renowned Hagen-Poiseuille equation 
(1) below [23]. 

 

𝑄 =
𝜋𝑅4∆𝑃

8𝜂𝐿
                                                                (1) 

                                    

Fig.1. J-tipped jugular veins
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Blood is drained into the internal jugular vein from the 

scalp, brain, superficial regions of the face, and the 

greater part of the neck [24]. This is the vein's primary 

function. The inferior petrosal sinus, facial, lingual, 

and pharyngeal veins, as well as the superior and 

middle thyroid veins, and even the occipital vein can 

sometimes be considered to be tributaries of the 

internal jugular vein. 

 

The right side of the patient's neck is typically 

examined in order to get an accurate reading of the 

jugular venous pressure.  The most prevalent cause of 

elevated pulmonary capillary wedge pressure is left 

heart failure, and elevated jugular venous pressure is a 

sign of aberrant right heart dynamics. This almost 

always indicates a fluid overload, which points to the 

requirement for diuresis [25]. J-Tip is clearly shown in 

Figure 2.  

 
Fig.2. J-tip jugular veins 

 

In order to calculate the pressure, velocity and the 

flowrate in this vein, either a physical examination or 

imaging tests make up the bulk of the diagnostic 

procedures that are performed on the jugular vein. In 

order to complete this part of the physical 

examination, you will need to assume a seated position 

that places your upper body at a particular angle. When 

examining a patient's jugular veins, a medical 

professional will check for any signs of edoema or 

changes in pressure. 

The unique aspect of our research is that we were able 

to calculate the flow rate in jugular veins using 

MATLAB and ANSYS simulation. The authors used 

firstly ANSYS and secondly, the Fuzzy technique is 

used for computations. Blood viscosity is taken as 

1060 µPa.s. Numerous researchers have used these 

simulation techniques in their papers.  
 

 

 

2. ANSYS Simulation for the jugular vein 

The diameters of this channel are assumed to be 

exactly equivalent to the J tips of jugular veins for 

ANSYS simulation. A 4.5 mm internal diameter was 

assumed. The J-curve tip's radius was likewise 

assumed to be 4.0 mm. J's straight portion was 

estimated to be 40 mm. The mesh analysis is carried 

out following the development of the J-shaped fluidic 

channel in the design modeler. When creating the 1705 

nodes and 1320 elements for the tetrahedron mesh 

analysis, the relevance was set to 0, the relevance 

center to fine, and the smoothing to high. Figures 2 and 

3 below depict the geometry and mesh. 

Fig.3.  Blood flowing channel with a J-tip in the design 

modeler 

Fig.4.  Mesh analysis of a blood fluid channel with a 

J-tip 

Pressure differential and velocity boundaries were 

established at 500 Pascal to 700 Pascal and 40 

meters/second, respectively [1]. Here, blood was 

envisioned as a flowing fluid with all of its fluidic 

properties. [2]. The pressure and velocity contours are 

obtained as a result of the simulation running 

successfully. Here are the pressure and velocity 

figures 4 and 5, respectively. 
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Fig.5. Pressure profile for a fluidic channel with J-tip. 

 
Fig.6.  Velocity profile for a fluidic channel with J-tip. 

In figure 5, the J-tip curve is colored blue within, while 

the curve is colored red outside. This suggests that the 

pressure is gradually lowering. The outside arrows in 

figure 6's color show that velocity is steadily 

increasing when looked at more closely. Figures 5 and 

6 clearly show how pressure and velocity are inversely 

related. The following graph in Figure 7 depicts the 

same story. A graph between flow rate 

(milliliters/minute) and velocity (meter/second) is also 

shown in Figure 7. This graph shows how these two 

quantities are directly related to one another. 

Figure 8 shows the flow rate to be 200.0 milliliters per 

minute at a speed of 40.0 meters per second. When the 

velocity is increased to 64.67 meters per second, the 

flow rate rises to 304.6 milliliters per minute. To 

calculate the flow rate, apply the equation below. 

 

Q = AV-----------------------(3) 

 

In the equation above, Q stands for flow rate, A for 

cross-sectional area, and V for blood velocity [1]. 

 
Fig. 7.  Pressure versus Velocity Graph 

 
Fig. 8.  Flowrate versus Velocity Graph 

3. Fuzzy Simulation  

The term "fuzzy simulation/analysis" refers to a 

technique for resolving issues that are associated with 

ambiguity and unpredictability. This technique is 

utilised in a variety of fields, including engineering, 

and it has applications in issues pertaining to decision 

making, as well as production and planning. In this 

instance, Fuzzy Simulation introduced a fuzzy logic 

controller with diameter and pressure as two inputs 

and one output (flow rate), along with its units. Figure 

8. below represents the J-shaped FLC inference 

system. 

 
Fig. 9. J-shaped fluid channel FLC editor for fuzzy 

logic inference system. 

According to the actual values of the input and output 

variables, the ranges for the membership functions 
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(MFs) in the aforementioned system are assigned. The 

following table displays this: 

Table 1. Ranges of membership functions for all 

variables 

 

Nine rules are created for each input in fuzzy logic. 

Each input's flow rate is defined for each MF [12]. 

Hagen-Poiseuille equation [11] states that the flow rate 

for all rules is well-defined. In Rule Editor, these rules 

are written, and in Rule Viewer, they are estimated. 

These rules were developed using the IF-AND-THEN 

logic. Figure 9 shows the MATLAB rule viewer. 

 
                         Fig.10. Rule Viewer 

Fig. 10 displays the 3-dimensional surface viewer 

simulation outcome in this case. The relationship 

between flow rate and diameter and pressure can be 

seen in this 3D graph. 

 
Fig. 11.  Surface Viewer's 3D graph shows flow rate, 

diameter, and pressure. 

Mamdani's model is also used to compute flow rate [1-

3]. 305 milliliters per minute is the simulated number 

in the Fuzzy technique, whereas according to 

Mamdani's model, the actual value is 305.5 milliliters 

per minute with a 0.163 percent error. The two flow 

rate figures closely match each other. 

4. CONCLUSION 

The calculated flow rates are 305 milliliters per minute 

by Fuzzy and 304.6 milliliters per minute at a speed of 

2.1913 meters per second and a pressure of 4.717 x 103 

Pa. Through the use of ultrasound dilution technology, 

in 1998 Leblanc et al. found 300 milliliters per minute 

jugular vein flow rates at two distinct J-tips. It 

indicates that simulated data and previously released 

data are found to be in very close agreement. The 

authors have completed successful simulations and 

calculated the blood flow rate for the jugular vein in 

this work. Therefore, it is understood that simulations 

using MATLAB Fuzzy and ANSYS Fluent will 

eventually replace ultrasound dilution technology. 

These simulations may one day aid in the detection 

and prevention of diseases. 

5. REFERENCES 

 [1] S. Bandlamuri, A. S. Khan, and C. Bialowas, 

"Surgical approach to internal and external 

jugular venous agenesis: case report," Surgical 

and Radiologic Anatomy, pp. 1-5, 2023. 

[2] J. Pujara et al., "Left Main Coronary Artery 

Aneurysm with Fistula to Superior Vena Cava: 

A Challenging Case," Annals of Cardiac 

Anaesthesia, vol. 26, no. 2, p. 215, 2023. 

[3] S. Mudd and S. B. Grant, "Reactions to chilling 

of the body surface: experimental study of a 

possible mechanism for the excitation of 

infections of the pharynx and tonsils," The 

Journal of medical research, vol. 40, no. 1, p. 53, 

1919. 

[4] R. R. Gomes, "Lemierre Syndrome: A Forgotten 

Disease, Complicated by Nocardial Necrotizing 

Fascitis and Pyomyositis of Right Calf," 

Archives of Infect Diseases & Therapy, 6 (1), 

118, vol. 123, 2022. 

[5] E. Kao et al., "Flow patterns in the jugular veins 

of pulsatile tinnitus patients," Journal of 

biomechanics, vol. 52, pp. 61-67, 2017. 

[6] Y.-L. Hsieh et al., "Hydroacoustic sonification 

and flow pattern investigation of venous pulsatile 

tinnitus using MEMS hydrophone sensing and 

dye flow visualization techniques: pilot 3D 

printing, computational fluid dynamics, and 

psychoacoustic study," Sens. Mater, vol. 33, pp. 



Proceeding of International Exchange and Innovation Conference on Engineering & Sciences (IEICES) 

 

225 

 

3439-3457, 2021. 

[7] M. J. Afzal, M. W. Ashraf, S. Tayyaba, M. K. 

Hossain, and N. Afzulpurkar, "Sinusoidal 

microchannel with descending curves for 

varicose veins implantation," Micromachines, 

vol. 9, no. 2, p. 59, 2018. 

[8] M. J. Afzal, S. Tayyaba, M. W. Ashraf, M. K. 

Hossain, M. J. Uddin, and N. Afzulpurkar, 

"Simulation, fabrication and analysis of silver 

based ascending sinusoidal microchannel 

(ASMC) for implant of varicose veins," 

Micromachines, vol. 8, no. 9, p. 278, 2017. 

[9] S. Tayyaba, M. W. Ashraf, Z. Ahmad, N. Wang, 

M. J. Afzal, and N. Afzulpurkar, "Fabrication 

and analysis of polydimethylsiloxane (PDMS) 

microchannels for biomedical application," 

Processes, vol. 9, no. 1, p. 57, 2020. 

[10] S. Tayyaba, M. J. Afzal, G. Sarwar, M. W. 

Ashraf, and N. Afzulpurkar, "Simulation of flow 

control in straight microchannels using fuzzy 

logic," in 2016 International Conference on 

Computing, Electronic and Electrical 

Engineering (ICE Cube), 2016: IEEE, pp. 213-

216.  

[11] M. J. Afzal, F. Javaid, S. Tayyaba, M. W. Ashraf, 

C. Punyasai, and N. Afzulpurkar, "Study of 

charging the smart phone by human movements 

by using MATLAB fuzzy technique," in 2018 

15th International Conference on Electrical 

Engineering/Electronics, Computer, 

Telecommunications and Information 

Technology (ECTI-CON), 2018: IEEE, pp. 411-

414.  

[12] M. J. Afzal, S. Tayyaba, M. W. Ashraf, and G. 

Sarwar, "Simulation of fuzzy based flow 

controller in ascending sinusoidal 

microchannels," in 2016 2nd International 

Conference on Robotics and Artificial 

Intelligence (ICRAI), 2016: IEEE, pp. 141-146.  

[13] M. J. Afzal, S. Tayyaba, M. W. Ashraf, M. K. 

Hossain, and N. Afzulpurkar, "Fluidic simulation 

and analysis of spiral, U-shape and curvilinear 

nano channels for biomedical application," in 

2017 IEEE International Conference on 

Manipulation, Manufacturing and Measurement 

on the Nanoscale (3M-NANO), 2017: IEEE, pp. 

190-194.  

[14] M. Afzal, F. Javaid, S. Tayyaba, A. Sabah, and 

M. Ashraf, "Fluidic simulation for blood flow in 

five curved Spiral Microchannel," Biologia, vol. 

65, no. 1, 2019. 

[15] M. J. Afzal, F. Javaid, S. Tayyaba, M. W. Ashraf, 

and M. K. Hossain, "Study on the Induced 

Voltage in Piezoelectric Smart Material (PZT) 

Using ANSYS Electric & Fuzzy Logic," 2020. 

[16] M. A. TAYYABA and A. AKHTAR, 

"Simulation of a Nanoneedle for Drug Delivery 

by Using MATLAB Fuzzy Logic." 

[17] M. J. Afzal, M. W. Ashraf, S. Tayyaba, A. H. 

Jalbani, and F. Javaid, "Computer simulation 

based optimization of aspect ratio for micro and 

nanochannels," Mehran University Research 

Journal Of Engineering & Technology, vol. 39, 

no. 4, pp. 779-791, 2020. 

[18] M. J. Afzal et al., "A Review on Microchannel 

Fabrication Methods and Applications in Large-

Scale and Prospective Industries," 2022. 

[19] M. I. Yasin, M. J. Afzal, S. Tayyaba, M. W. 

Ashraf, B. Cornel, and M. Balas, "Fuzzy 

Parametric Estimation of Curvilinear 

Microchannel for Retinal Vein Occlusion 

(RVO)," in Advances in Intelligent Data 

Analysis and Applications: Proceeding of the 

Sixth Euro-China Conference on Intelligent Data 

Analysis and Applications, 15–18 October 2019, 

Arad, Romania, 2022: Springer, pp. 355-362.  

[20] M. J. Afzal, "Study of constricted blood vessels 

through ANSYS fluent," Blood vessels, vol. 27, 

pp. 11-2020. 

[21] F. Montes-Tapia et al., "Efficacy and safety of 

ultrasound-guided internal jugular vein 

catheterization in low birth weight newborn," 

Journal of pediatric surgery, vol. 51, no. 10, pp. 

1700-1703, 2016. 

[22] S. H. Cho et al., "Micropatterned pyramidal ionic 

gels for sensing broad-range pressures with high 

sensitivity," ACS applied materials & interfaces, 

vol. 9, no. 11, pp. 10128-10135, 2017. 

[23] C. Loudon and K. McCulloh, "Application of the 

Hagen—Poiseuille equation to fluid feeding 

through short tubes," Annals of the 

Entomological Society of America, vol. 92, no. 

1, pp. 153-158, 1999. 

[24] I. Karapantzos et al., "A rare case of anastomosis 

between the external and internal jugular veins," 

International medical case reports journal, pp. 

73-75, 2016. 

[25] S. V. Arnold, "Assessment of the patient with 

heart failure symptoms and risk factors: A guide 

for the non‐cardiologist," Diabetes, Obesity and 

Metabolism, 2023. 

 


