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1. Introduction
Cardiovascular system is divided into two classes

based on mathematical formulation. There are distributed 

which is 1D and 2D and lumped parameter which is 0D. 

In lumped parameter, 3 elements are considered in terms 

of resistance (R), inductor (L) and capacitor (C) [1]. 

Usually, to understand more and details about the 

relationship between pressure and flow rate, the 

researcher have to used 0D model which is lumped 

parameter mathematical model in human cardiovascular 

system. [2, 3, 4-6, 7-9]. Table 1 show the analogy of 

electrical element to the blood vessel. Flow behaviour in 

the femoral popliteal artery is investigated by using 

lumped parameter to obtain a real data of the pressure 

flow rate. The data involve the non-blockage femoral 

popliteal artery and blockage femoral popliteal artery 

caused by decomposition of fat that disturbing the blood 

supply to the body called atherosclerosis [10, 11]. This 

project also includes the enlargement or bulging of an 

artery wall (aneurysm). Lumped parameter model is in 

common use for studying the factors that affect the 

pressure and flow waveforms. A lumped parameter model 

is one in which the continuous variation of the system’s 

state variables in space is represented by a finite number 

of variables, defined at special points called nodes. The 

lumped element model of electronic circuits makes the 

simplifying assumption that the attributes of the circuit, 

resistance, capacitance, inductance, and gain, are 

concentrated into idealized electrical components; 

Abstract: Development of numerical technique would be benefited to diagnose the biological structure especially 

in femoropopliteal artery. Blood circulatory system and heart hemodynamic performance can be simulated by 

applying lumped parameter method. Thus, this study aims to develop numerical modelling in femoropopliteal 

artery by constructing an electric analog model to the system. Three different cases have been considered in this 

study; normal blood condition, aneurysm and atherosclerosis conditions. Normal blood condition is also analysed 

as a basis study of comparison between aneurysm and atherosclerosis conditions. The electrical analog model with 

3 nodes and terminal load at the end of this model are proposed. This algorithm is then verified against numerical 

data simulated using commercial software. The study shows that normal and abnormal conditions effect 

instantaneously to pressure and flow waveforms. The result shows that the highest peak pressure is shown in 

atherosclerosis condition about 3.2×10
5
 Pa as compared to normal and aneurysm conditions which obtained about 

1.7×10
4
 Pa and 0.1×10

4
 Pa, respectively. On the other hand, the flow resistance increase about 16 fold as the radius 

in aneurysm at 3.0 mm is reduced to 1.4 mm for the aneurysm condition. Therefore, the aneurysm condition in the 

second segment shows the highest flow rate about 3.0×10
-3

m
3
/s as compared to the other conditions. In conclusion,  

the obtained waveform propagation from the linear analysis of the lumped parameter modelling shows that the 

periodic mean pressures and flow rate distributions in large arteries are highly depend on the resistances and the 

compliances. The quantitative variations of blood pressure and flow waveforms along the arterial of femoral 

popliteal artery from this model followed clinical trends as the normal condition show a stable pressure and flow 

rate obtained compare to the atherosclerosis and aneurysm condition. 

Keywords: femoral popliteal artery, lumped parameter, atherosclerosis, aneurysm, 0-dimensional model, electrical 

analog model. 
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resistors, capacitors, and inductors, etc. joined by a 

network of perfectly conducting wires. 

 

Table 1: Electrical appliance and the analogy in blood 

vessel [12]. 

Element Analogy 

Voltage, V Pressure difference, dP 

Current, I Flow rate, q 

Resistance, R Viscous flow resistance 

Inductance, L Blood inertia 

Compliance, C Compliance of the vessel 

Impedance, Z Terminal boundary 

resistance 

  

2. Methodology 

2.1 Identification of the arterial model 

Figure 1, Figure 2 and Figure 3 show several 

alternative developments of the modelling of flow 

through any vessel or tube based on that electrical analog 

model. It is consist of vessel load with three segments and 

terminal load with only one segment. The subscript V 

represents the properties of the blood vessel while 

subscript L represents the properties of the terminating 

load. 

 

 
Fig. 1: Electric analog model for normal. 

 

 
Fig. 2: Electric analog model for atherosclerosis. 

 

 
Fig. 3: Electric analog model for aneurysm. 

 

2.2 The development uses of Kirchoff voltage 

(KVL) and current law (KCL) 

The total voltage across the set of passive 

components is always equal and opposite to the source 

voltage. This means that the sum of the voltage 

differences across all the circuit elements (including the 

source) is always zero. Kirchhoff voltage law (KVL) 

equation on femoral popliteal artery electric analog 

model: 

 

0 1  RV V V V
RV

V V V

dP R R R
P P P

dt L L L
= − +           (1) 

 

The total current flowing into any DC circuit node is 

called a branch point. The value current enter the branch 

is always the same as the total current flowing out of the 

node. Kirchhoff current law (KCL) equation on femoral 

popliteal artery electric analog model: 

 

Node 1, 2, 3:  1 1

1 1

  RV e

V V V L V L

P PdP P

dt C R C R C R
= − +    (2) 

 

Terminal load: 
( )2 11

1 1 2

 
e L Le

L L L L L

P R RdP P

dt R C C R R

+
= −     (3) 

 

From all equations, matrix [A] and {b} are constructed as 

following: 

 



A. Kaha et al., Int. J. of Integrated Engineering Vol. 10 No. 5 (2018) p. 193-203 

 

 

 195

1 1

1 1

2 2 2

2 2 2

3 3 3

3 3 3

1 1 1 2

2 2 2 3

3 3 3 1 3 1

1 2

1 1 2

0 0 0 0 0

0 0 0 0

0 0 0 0

1 1
0 0 0 0 0

1 1
0 0 0 0 0

1 1 1
0 0 0 0

1
0 0 0 0 0

V V

V V

V V V

V V V

V V V

V V V

V V V V

V V V V

V V V L V L

L L

L L L L L

R R

L L

R R R

L L L

R R R

L L L

C R C R

C R C R

C R C R C R

R R

C R C R R

 
− − 

 
 

− − 
 
 

− − 
 
 

− 
 
 

− 
 
 

− 

 +
 −
 






 

{ }

1

1

2

2

3

3

0

0

0

0

V

V

V

V

V

V

R

L

R

L

R
b

L

 
 
 
 
 
 
 

=  
 
 
 
 
 
 
  

 

 

Note that, 

 

P pressure=  

 vR vessel resistance=  

  vC vessel capacitance=  

    thnumber nodeat n segment=  

 

The subscript V represent properties of the blood 

vessel that we are modelling, the subscript L represent 

properties of the terminating load and e indicates the end 

load.        

 

2.3 Establish the harmonic motion 

Let the harmonic forcing function be represented by 

one harmonic at a time, such as an cos (nωt). In 

femoral popliteal artery model, there is but one harmonic 

term, so n = 1. The differential equation is: 

 { } [ ] { }
1

1 1  
A

C I b aω
ω

−
 

= + 
 

                (4)                        

 

 { } [ ]{ }1
2

A C
C

ω
= −                   (5)                     

 

{ } { } ( ) { } ( )1 2sin cosP C t C tω ω= +              (6) 

 

2.4 Mean flow solution 

Calculate the total fluid resistance by the given 

formula: 

1 2    n
T L L T

n

P
R R R and R

q
= + =                   (7) 

 

2.5 Parameters for varying solution 

For this type of discretized model, the resistance in 

each discrete resistor can be written as: 

 

4

8
 V vr c

R

µ
π

=                                (8)  

 

Using the SI system of units, the dimension of Rv is 

Ns/m
5
. The inductance in the vessel for each discrete 

inductor element becomes: 

 

2
 V ul c

R

ρ
π

=                                (9) 

 

The inductance will have units of Ns
2
/m

5
. The capacitance 

of the vessel is the compliance of the vessel, or dA/dP, 

and depends on the pressure at the point where the 

capacitor is located: 

 

5  ( / )V

q
C m N

dP

dt

=                        (10) 

 

Then the calculations continue by find the value of 

Womersley number form graph. 

 

2.6 Parameters for the terminal load 

In the context of the electrical circuit analog, for a 

blood vessel having resistance per length Rv, inertance per 

length of LV and compliance (capacitance) CV, the 

characteristic impedance is: 

 
1

2

 V V
V

V

R j L
Z

j C

ω
ω

 +
=  
 

                   (11) 

( )2 2

1 2 2 2

2

1
 

1   

L L L

e L

L L

R j R C
Z R

R C

ω
ω

−
= +

+
           (12) 

 

 

2.7 Flow rate solution 

Then, the flow rate result obtain by multiple of [R] 

and {P} 
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2.8 Numerical solver 

MATLAB is an anonymous function. An anonymous 

function is like an inline function in traditional 

programming languages, defined within a single 

MATLAB statement. It consists of a single MATLAB 

expression and any number of input and output 

arguments. As the model under consideration, the 

MATLAB built in solvers were used to solve the model 

equations. The MATLAB solver is very useful to get a 

reasonable measure of sensitivity analysis with affordable 

computational cost. 

 

3. Results and Discussion 

3.1 Characteristic and mean flow solution of 

femoral popliteal artery 

Table 2 shows the physical properties of femoral 

popliteal artery. In a flow distributions network that 

progresses from a blood vessel, the frequency, density, 

and dynamic viscosity are the same throughout the 

network. The fluctuating pressure, a1 refer to the 

difference between systolic and diastolic blood pressure 

while blood frequency assumed to be 1Hz or 6.28 rads-1. 

 

Table 2: Characteristics of femoral popliteal artery. 

 

No

. 

Characteristics of 

normal femoral 

popliteal artery 

Value 

1. Radius, R 3.5 mm 

2. Length, L 9.4 cm 

3. Thickness, h 0.9 × 10
-3

 m 

4. Density, ρ 1 050 Ns/m
3 

5. Viscosity,µ 0.0049 Ns/m
2 

6. Volume flow rate, q 2.88 × 10
-6

 m
3
/s 

6. Mean pressure, a0 13 097 Pa 

7. Fluctuating press, a1 8 973 Pa 

  

The result in Table 3 shows the value of mean flow 

solution which is the result of resistance, inductance and 

capacitance value in both vessel and terminal load in 

electrical analog model. The values of resistance and 

capacitance in vessel load are obtained from the 

parameter of varying solution while the terminal load is 

obtained from the impedance relationship in the terminal 

load. 

 

Table 3: Mean flow solution of femoral popliteal artery. 

 

No Mean flow Value 

1. Angular frequency, � 6.28 rads
-1 

2. Womersley number, α 4.06 

3. Resistance coefficient, cv 1.27 

4. Inertance coefficient, cu 1.18 

5. Resistance, RV1, RV2, RV3 1.0×10
7
 Ns/m

5
 

6. Inductance, LV1, LV2, LV3  3.026×10
6
 Ns

2
/m

5
 

7. 
Capacitance, CV1, CV2, 

CV3 
3.52×10

-12
m

5
/N 

8. 
First resistance terminal 

load, RL1,normal 
1.2486×10

7
Ns/m 

9. 
Second resistance 

terminal load, RL2,normal  
4.536×10

9
Ns/m

5
 

10. 
Capacitance terminal 

load, CL,normal  
5.11×10

-9
m

5
/N 

 

3.2 Pressure rate of normal condition 

Pressure rate wave propagation as shown in Figure 4 

are the difference rate of data obtain between the initial 

pressure and node 1 which is P1 and the pressure rate 

across the vessel resistance for segment 1. The value is 

slightly higher at PRV about 1.3×10
4
 Pa and lowers at P1 

about 1.2×10
4
 Pa. This is because of the low fluid 

resistance of the vessel compare to the total resistance at 

the first segment. As the blood flow continuously to the 

second segment shown in Figure 4 (b), the pressure rate 

was not changed as the vessel resistance for the normal 

condition are still the same at this segment but decreasing 

to 0.4×10
4
 Pa for PRV2. Figure 4 (c) shows the pressure 

rate at segment 3. The wave propagation on the P3 and 

PRV show the significant value with previous segment 

which are 1.0×10
4
 Pa and 0.4×10

4
 Pa. At the terminal 

load, the Pe has higher value as the fluid resistance in this 

load contains two resistors in series position. 
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(a) 

 

 

(b) 

 

 

(c) 

 

Fig. 4: Pressure rate of normal condition at (a) first 

segment (b) second segment (c) third and terminal 

segment. 

 

3.3 Flow rate of normal condition 

Figure 5 (a) shows the flow rate wave propagation in 

the first segment. The values of q1 are slightly more than 

qc1 at 0.1×10
4
 Pa from q1 which produce 1.3×10

-3
 m

3
/s. 

This is because of the value of inductance, Lv1 and fluid 

resistance, RV1 which element that the flow of q1 move 

across is not too much difference with the capacitance 

value, CV1. The values of q2 are totally different compared 

to the qc2 which gives 4×10
-4

 m
3
/s. In Figure 5 (b), flow at 

qc2 is approaching to zero because of a low storage of 

fluid in this artery segment as it experience the pulsatile 

flow while the flow across the capacitor in segment 2 

which is CV2. As we can see in Figure 5 (c), the flow rate 

values of q3 are decreasing to 1.0×10
-3

 m
3
/s  from the 

previous segment. However, the flow rate waveform qc3 

in the third segment increases drastically as compared to 

the flow rate waveform of qc2 in the second segment. At 

the terminal load, the values are the same for flow rate 

qRL1 and qcL which is 1.1×10
-3

 m
3
/s. The qRL2 flow rate 

wave show the values almost reaching to zero as it pass 

through the second resistor at the terminal load.  

 

 

(a) 

 

 

(b) 

 

 

(c) 

 

 

(d) 

 

Fig. 5: Flow rate of normal condition at (a) first segment 

(b) second segment (c) third segment and (d) terminal 

segment. 

 

3.4 Characteristic and mean flow solution of 

femoral popliteal artery in abnormal 

condition 

At the first and third segment for atherosclerosis and 

aneurysm conditions, the diameter and other 
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characteristics of femoral popliteal artery are maintained. 

Therefore, the values for mean flow solution are the same 

with the normal one. For the second segment in 

atherosclerosis, the diameter is decreased to 1.4 mm in 

order to analyse the effect of this abnormal disease which 

is atherosclerosis to the pressure and flow rate in the 

femoral popliteal artery. The results obtained are shown 

in Table 3. While the second segment in aneurysm, the 

diameter is increased to 30 mm. The effect of this 

abnormal disease which is aneurysm to the pressure and 

flow rate in the femoral popliteal artery are shown in 

Table 4. 

 

Table 3: Mean flow solution of atherosclerosis. 

 

No. Mean flow Value 

1. Angular frequency, � 6.28 rads
-1 

2. Womersley number, α2 1.624 

3. 
Resistance coefficient, 

cv2 
1.02 

4. Inertance coefficient, cu2 1.30 

5. 
Resistance vessel load, 

RV2 
3.114×10

8
 Ns/m

5
 

6. 
Inductance vessel load, 

LV2 

2.084×10
7
 

Ns
2
/m

5
 

7. 
Capacitance vessel load, 

CV2  
1.148×10

-7
m

5
/N  

8. 
First resistance terminal 

load, RL1,stenosis 
3.8175×10

7
Ns/m  

9. 
Second resistance 

terminal load, RL2,stenosis  
4.51×10

9
Ns/m

5
 

10. 
Capacitance terminal 

load, CL,stenosis  
3.473×10

-9
m

5
/N 

  

Table 4: Mean flow solution of aneurysm. 

 

No. Mean flow Value 

1. Angular frequency, � 6.28 rads
-1 

2. Womersley number, α2 34 

3. Resistance coefficient, 

cv2 

6.96 

4. Inertance coefficient, cu2 1.044 

5. Resistance vessel load, 

RV2 

1.0078×10
4
 

Ns/m
5
 

6. Inductance vessel load, 

LV2 

3.0263×10
6
 

Ns
2
/m

5
 

7. Capacitance vessel load, 

CV2  
2.215×10

-9
m

5
/N  

8. First resistance terminal 

load, RL1,aneurysm 
3.6958×10

9
Ns/m  

9. Second resistance 

terminal load, RL2,aneurysm  
8.522×10

8
Ns/m

5
 

10. Capacitance terminal 

load, CL,aneurysm  
1.6243×10

8
m

5
/N 

 

 

3.5 Pressure rate of abnormal condition at 

first segment 

Figure 6 and Figure 7 show the pressure rate 

propagation in the first segment. Figure 6 shows the 

atherosclerosis disease while Figure 7 aneurysm disease 

in femoral popliteal artery. In atherosclerosis, both value 

PRV1 and P1  are higher than value in aneurysm. P1 reach 

5.1×10
4
 Pa  for atherosclerosis and 1.0×10

4
 Pa for 

aneurysm. The pressure that moves across the first vessel 

resistance, PRV1 is 4.0×10
4
 Pa for atherosclerosis and 

0.9×10
4
 Pa for aneurysm.  

 

 

Fig. 6: Pressure rate at first segment of atherosclerosis. 

 

 

Fig. 7: Pressure rate at first segment of aneurysm. 

 

3.6 Pressure rate of abnormal condition at 

second segment 

In the second segment which is presented in Figure 8 

and Figure 9, the pressure rate propagation value for 

atherosclerosis is 3.2×10
5
 Pa at P2 which is the highest 

peak pressure obtained from this model and 

approximately zeros at PRV2. For the aneurysm case, the 

value at P2  is 0.1×10
4
 Pa and 0.9×10

4
 Pa at PRV2  the first 

segment. 

 

Fig. 8: Pressure rate at second segment of atherosclerosis. 
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Fig. 9: Pressure rate at second segment of aneurysm. 

 

3.7 Pressure rate of abnormal condition at 

third segment and terminal load 

Figure 10 and Figure 11 show the pressure rate 

propagation in the third segment and terminal load 

segment. The pressure obtained in atherosclerosis are 

different with each other between P3, PRV3 and Pe which 

are is 1.9×10
5
 Pa , is 0.2×10

5
 Pa and is 1.0×10

5
 Pa  

respectively. In aneurysm, the values close to PRV3 and Pe 

in terminal load are 0.05×10
4
 Pa and 0.1×10

4
 Pa 

respectively, but higher at P3 which is 0.9×10
4
 Pa. 

 

 

Fig. 10: Pressure rate at third and terminal load of 

atherosclerosis. 

 

 

Fig. 11: Pressure rate at third and terminal load of 

aneurysm. 

 

3.8 Flow rate of abnormal condition at first 

segment 

Figure 12 and Figure 13 show the flow rate 

propagation in the first segment in both atherosclerosis 

and aneurysm condition. The flow rate is higher at 

aneurysm condition but lower at atherosclerosis 

condition. For q1 in both conditions are 0.8×10
-3

 m
3
/s and 

2.6×10
-3

 m
3
/s for atherosclerosis and aneurysm 

respectively. Flow that across the first capacitor, C1  is 

lower at these two conditions. 

 

Fig. 12: Flow rate at first segment of atherosclerosis. 

 

 

Fig. 13: Flow rate at first segment of aneurysm. 

 

3.9 Flow rate of abnormal condition at 

second segment 

As the blood flow continues, the value of flow rate, 

q2 is decreases to 0.01×10
-3

 m
3
/s  in atherosclerosis. This 

value show the same pattern as the flow that move across 

the second resistor, qc2. In aneurysm condition, the values 

are the largest value obtained in flow rate value at all 

segments which is 3.0×10
-3

 m
3
/s. This result showed in 

the Figure 14 and Figure 15. 

 

Fig. 14: Flow rate at second segment of atherosclerosis. 

 

Fig. 15: Flow rate at second segment of aneurysm. 
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3.10 Flow rate of abnormal condition at 

third segment 

In the third segment of atherosclerosis condition, the 

value of flow rate q3 is 0.09×10
-3

 m
3
/s while qc3 is 0.4×10

-

3
 m

3
/s. On the other hand, the flow rate values for both q3 

and qc3 in aneurysm condition are 2.9×10
-3

 m
3
/s. This can 

be observed from Figure 16 and Figure 17. 

 

 

Fig. 16: Flow rate at third segment of atherosclerosis. 

 

 

Fig. 17: Flow rate at third segment of aneurysm. 

 

3.11 Flow rate of abnormal condition at 

terminal segment 

Figure 18 and Figure 19 show the last terminal for 

this model which is called a terminal load segment. Both 

conditions obtain a huge different in flow rate result. For 

atherosclerosis condition, qRL1 and qCL shows 3.0×10
-3

 

m
3
/s while qRL2 values approximately reaching zero. 

However, aneurysm condition shows different peak 

variable for each flow rate of qRL1, qRL2 and qCL about 

1.0×10
-4

 m
3
/s, 4.0×10

-4
 m

3
/s  and 3.9×10

-4
 m

3
/s 

respectively. 

 

 

Fig. 18: Flow rate at terminal load of atherosclerosis. 

 

Fig. 19: Flow rate at terminal load of aneurysm. 

 

3.12 Discussion on analysis for normal and 

abnormal condition 

A linear analysis of the 0-D system in the 2 second 

time domain has allowed us to identify the effects of the 

parameters of the outflow 0-D models on arterial pulse 

waveforms of pressure and flow rate. In particular, we 

have shown that peak pressures and flow waveforms 

distributions in large arteries depend on the resistances of 

the system once a periodic state is reached. Peripheral 

inertias have a minor effect on flow waveforms under all 

conditions. The time constant of the diastolic pressure 

decay is the same at 1-D model artery, the viscous 

dissipation and frequency in this study are considered to 

be constant. Therefore the result obtain in these femoral 

popliteal artery depends more on the peripheral 

compliances and resistances of the system. 

Pressure obtained as a force act to the surface area at 

a certain object. A large the surface area gives a low 

pressure. Thus, the waveforms that show in the result 

have high and low peak value. In the human 

cardiovascular system, the high mean represent the 

systolic pressure where the contraction of artery occur 

then the start of relaxation of artery called diastolic for 

the low peak value. The different conditions in femoral 

popliteal artery show the different pressure waveform 

obtain. In the normal femoral popliteal artery, the 

waveform pattern show the uniform pattern almost at all 

difference pressure in each of every segment including 

the terminal load. The peak pressure rate for normal 

condition is 1.7×10
4
 Pa. The overall arterial waveforms 

seem to be the same because of the same arterial radius 

along the segment from first until third segment which is 

3.5mm. Therefore, the pressure rate values are uniform as 

it passes through the same value of vessel and terminal 

resistor. The Figure 20 (a) shows the result for full 

pressure rate in normal femoral popliteal artery. 

In the femoral popliteal artery with stenosis 

condition, the value of the arterial peak pressure is 

obviously different with the normal condition. As the 

atherosclerosis occur, the diameter of artery getting small. 

By changing the diameter of a second segment while 

maintaining the diameter in other segment in the electric 

analog model of a lumped parameter, the value of vessel 

resistance and capacitance will be increases. As shown at 

Figure 20 (b), node 2 shows the highest peak achieved by 

this condition which is 3.2×10
5
 Pa. If the central arteries 

are diameter decreases, as often occurs with peripheral 
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vascular atherosclerosis, then the pulse pressure will be 

greater than if it were normal.  

Differently with aneurysm condition that highly 

complaint central arteries have a low pulse pressure. The 

data show that at the second segment with 3.0 cm radius 

have a peak pressure 0.1×10
4
 Pa as shown in Figure 20 

(c). 

Flow rate obtained in three different condition are 

also affected by the diameter of the artery change at the 

second segment. Basically, the relationship between 

vascular flow, the pressure difference, and resistance 

prove the overall result. The normal condtion have a 

value of 1.6×10
-3

  m
3
/s at the q1  where the blood flow at 

the first node as shown in figure 21 (a). The value not 

have a huge different until blood flow continuously reach 

the terminal load which the qRL1 value approximately 

reach zero.  

Note that a small change in artery radius will have a 

very large influence to the resistance. As the radius of 

second segment in atherosclerosis condition reduce from 

3.5 mm to 1.4 mm, it will increase its resistance to flow 

by approximately 16 fold. Consequent from this 

increment, the flow rate at this segment will reduce 

drastically. The q2 value have a peak flow rate of 0.9 × 

10
-3

 m
3
/s. In the aneurysm condition, the opposite case 

will occur as the second segment of electrical analog 

model in femoral popliteal artery experience a reduction 

of artery diameter. Then, a high value of flow rate obtain 

by the q2 which is 3.0 ×10
-3

  m
3
/s as shown in Figure 21 

(b) and (c). 

 

(a) 

 

 

(b) 

 

 

(c) 

 
Fig. 20: The full result of pressure rate in (a) normal (b) atherosclerosis (c) aneurysm femoral popliteal artery. 
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(a) 

 

 
(b) 

 

 
(c) 

 

Fig. 21: The full result of flow rate in (a) normal (b) atherosclerosis (c) aneurysm femoral popliteal artery. 

 

4. Conclusion 

The 0-D model called lumped parameter models has 

been implemented and the effect of their parameters on 

waveform patterns in normal and abnormal condition of 

femoral popliteal artery has been studied. By studying the 

characteristics and the haemodynamics of femoral 

popliteal artery, a computational modelling called lumped 

parameter mathematical model is used to investigate the 

effect to femoral popliteal artery. Three electrical analog 

model of simplified femoral popliteal artery are modelled 

using resistor, inductance and capacitance. These three 

different models construct according to the condition of 

femoral popliteal artery which is normal, atherosclerosis 

and aneurysm. Electrical analog model that have been 

construct contain three segments. The ideas are by 

changing the arterial diameter and capacitance value for 

atherosclerosis and aneurysm while maintaining it for the 

normal condition.  

At the end of this study, the computational modelling 

in femoral popliteal artery has been successfully 

conducted. After make a comparison of the data obtain 

between normal and abnormal flow behaviour, it can be 

said that the computational modelling of lumped 

parameter is validated. There are two haemodynamic 

parameter that are considered to be analyse which are 

pressure and flow rate. Based on the analysis that has 

been made through the blood flow in the second segment, 

the pressure rate and flow rate obtain in normal condition 

in femoral popliteal artery are 1.7×10
4
 Pa and 1.7 ×10

-3
  

m
3
/s. In different condition, the pressure rate is higher in 

atherosclerosis and lower in aneurysm condition which 
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are 3.2×10
5
 Pa and 1.2×10

4
 Pa respectively. The objective 

of this study has been successfully achieved from the 

effects of different disease condition with differing 

amounts of flow and pulsatility and found the model to be 

useful for a realistic simulation of different perfusion 

regimens. Based on the computational that have been 

done, the findings can be described as the pressure rate 

and flow rate are depends on the fluid resistance from the 

artery itself. It can be concluded that quantitative 

variations of blood pressure and flow waveforms along 

the arterial of femoral popliteal artery from this model 

followed clinical trends as the normal condition show a 

stable pressure and flow rate obtained compare to the 

atherosclerosis and aneurysm condition. 
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