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Modified Numerical Simulation Model of Blood Flow in Bend
X Liu, X Zhou, X Hao, X Sang

ABSTRACT

The numerical simulation model of blood flow in bend is studied in this paper. The curvature modifica-
tion is conducted for the blood flow model in bend to obtain the modified blood flow model in bend. The
modified model is verified by U tube. By comparing the simulation results with the experimental results
obtained by measuring the flow data in U tube, it was found that the modified blood flow model in bend
can effectively improve the prediction accuracy of blood flow data affected by the curvature effect.
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Modelo de Simulación Numérica Modificado del Flujo Sanguíneo en Curva
X Liu, X Zhou, X Hao, X Sang

RESUMEN

Este trabajo constituye un estudio del modelo de simulación numérica del flujo sanguíneo en curva. La
modificación de la curvatura se lleva a cabo para el modelo de flujo de sangre en la curva para obtener
el modelo de flujo de sangre modificado en curva. El modelo modificado se verifica mediante un tubo
en U. Comparando los resultados de la simulación con los resultados experimentales obtenidos me-
diante la medición de los datos de flujo en el tubo en U, se observa que el modelo de flujo sanguíneo
modificado en curva puede mejorar con eficacia la exactitud de la predicción de los datos del flujo san-
guíneo afectados por el efecto de la curvatura.
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wall shear stress, etc] (1−5). With the continuous development
of computational fluid dynamics (CFD), the numerical simu-
lation technology based on CFD has gained increasingly wide
application in the study of haemodynamics, becoming an im-
portant research tool. Human blood vessels have complex
geometrical structure, but Coppola and Caro (6) proved that
the helical tube model, to a certain extent, could be adopted to
obtain the blood flow parameters similar to those in human
blood vessels. By using the helical tube model to simulate
blood flow, combined with the methods of CFD and theories
of haemodynamics, and considering the impact of two-phase
blood flow and non-Newtonian feature, the dynamic analysis
of blood flow can be conducted. Based on the CFD method,
current studies mainly focus on the effect of blood flow on the
formation of thrombus from the aspects of initial velocity of
blood flow entrance, curvature radius of bending, vessel di-
ameter and blood viscosity, while there are relatively fewer
studies of the blood flow model in blood vessels. Normally,
the body’s blood circulation belongs to laminar flow. How-
ever, when the blood flow rate is accelerating to a certain ex-

INTRODUCTION
According to the reports of the World Health Organization, car-
diovascular disease has become the number one threat to
human health. In order to better understand the physiological
and pathological behaviour of cardiovascular diseases, the in-
depth study of arterial blood flow has become very important
in haemodynamics. Among many cardiovascular diseases, ar-
terial thrombosis is a common vascular disease that adversely
affects human health. Thrombotic disease occurs mostly at the
position near the bending and bifurcation of blood vessels. Its
formation mechanism and reason is complex, and current re-
search mainly focusses on the treatment and care of clinical
cases. Clinical observations indicate that the pathogenesis and
disease development of arterial disease is closely related to
haemodynamic characteristics [such as flow field distribution,
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tent, the laminar flow will be destroyed. As a result, the blood
flow direction of each particle no longer remains the same, and
whirlpool appears. The current flow state is very complex dur-
ing this time. A variety of secondary flow and whirlpool flow
makes it more difficult to predict the state of blood flow field
by numerical simulation. In order to accurately simulate the
internal flow field of turbulent blood flow, it is critical to select
the appropriate turbulence model and conduct corresponding
modifications for it to improve the accuracy of numerical pre-
diction.

Curvature effect
The flow that has a curvature effect is common in the actual
turbulence, eg bend flow, wing’s turbulent flow, etc. At pres-
ent, in the numerical computation of turbulence in bend blood
flow, the numerical simulation of turbulent flow containing a
curvature is a challenging task in the application of turbulence
model. Durbin and Reif (7) studied the curvature effect on
flow and conducted the analysis through comparing the cur-
vature with the rotation. For a convex side, the speed increases
in the radial direction. Then the convex side plays the role of
reducing the amount of turbulent energy in shear flow. For a
concave side, the turbulent energy of shear flow that flows
through a concave side increases.

Where the transport equations of turbulence kinetic energy k
and turbulence dissipation rate ε are:

[2]

[3]

Where Gk is the production term of turbulence kinetic energy
and the model’s constants are

Modified RNG k-ε model
In order to improve the computation accuracy of eddy viscos-
ity model in solving the flow problem with curvature effect,
many scholars have proposed different empirical modification
methods. Spalart and Shur proposed the experienced modifi-
cation method based on the material derivative of strain rate
(9−11) where model modification was done through multiply-
ing the production term in the S-A model with a modification
function fr. Analysis of examples verified that the modified
model has higher accuracy in solving the problem of the flow-
ing curvature effect. The curvature modification method pro-
posed by Spalart and Shur has a strong versatility and
applicability. Many researchers have applied the above method
to SST k-ε model and have received good results.

For the modification of RNG k-ε model, we can draw
from the method of Spalart and Shur proposed (12, 13) to mod-
ify the production term Gk in the transport equation of turbu-
lence kinetic energy k and turbulence dissipation rate ε. The
transport equations of turbulence kinetic energy k and turbu-
lence dissipation rate ε after the curvature modification are:

[4]

[5]

Where modification coefficient fr is:

[6]

Modified Blood Flow Model in Bend

Fig. 1: Schematic diagram of the analogy between curvature and rotation.

Renormalization group k-epsilon (RNG k-ε) model
There will be some distortion for the standard k-ε model when
used in strong whirlpool flow or curved-wall flow. In order to
improve the disadvantages of the standard k-ε model, Yakhot
and Orzag made some modifications (8). The small scale
effect is reflected by the viscosity after large-scale movement
and modification. The rotation and whirlpool flow in average
flow is considered by modifying the turbulence viscosity and
the RNG k-ε model is established. In the RNG k-ε model, the
turbulence viscosity µt can be expressed as a function of k and
ε, namely:

[1]
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Where Cscale = 0.1.

The expression of argument fr is:

fr = max[min ( fr1, 1.25), 0.0] [7]

Where the constant in modified RNG k-ε model adopts the 
same value with the constant in RNG k-ε model and the cur-
vature modification factor uses Equation [6].

Verification by examples
U bend flow is a flow problem with strong curvature effect.
The structure of U bend is shown in Fig. 2, where width H is
40 mm, bend’s inner radius is 20 mm, bend’s outer radius is 55
mm, and select H as the feature length.

Fig. 2: Graph of U tube.

For the boundary conditions, velocity boundary is
adopted for entrance. According to the experimental condi-
tions of Monson et al (14), we need to make sure that the num-
ber of Re with entrance width H as the feature length is 1 ×
106, that turbulence intensity at the entrance is 0.1% and eddy
viscosity ratio is 5. The exit adopts free outflow and the solid
wall adopts no-slip boundary condition (15).

RESULT ANALYSIS
In Fig. 2, entrance’s average velocity Um is adopted as a refer-
ence value in the selected U tube in order to conduct dimen-
sionless treatment for the velocity of each point; Y-axis takes
the width H as the base. Then the medial wall is Y/H = 0 and
the lateral wall is Y/H = 1.

At the tube’s entrance, the angle is 0 degree, as shown in
Fig. 3. As the fluid flow of this location is less affected by the
curvature effect, the differences of velocity distribution calcu-
lated by each model is not large, all close to the velocity dis-
tribution obtained by experimental measurement; at the tube’s
middle, the angle is 90 degrees, as shown in Fig. 4. The RNG
k-ε model after curvature modification is in better agreement
with the velocity distribution by experimental measurement
than the standard k-ε model and RNG k-ε model.

Fig. 3: Angle of 0 degree.

Fig. 4: Angle of 90 degrees.

Fig. 5: Medial wall.

Figures 5 and 6 are the pressure distributions of medial
and lateral walls, respectively, where the pressure coefficient
is Cp and the entrance’s average velocity is Um. We can see
from Figs. 5 and 6 that the distribution of pressure coefficient
Cp of medial and lateral walls predicted by each model is in
good agreement with the experimental results at the entrance’s
straight segment of U tube; and from the bend’s entrance to
the U tube’s exit, the distribution of pressure coefficient Cp of
medial and lateral walls predicted by the modified RNG k-ε
model is in the best agreement with the experimental results
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when compared with the other two models. By comparing the
simulation results with the experimental results of U tube’s in-
ternal flow, it is found that the standard k-ε model and the RNG
k-ε model have less accuracy for calculating the flow in bend-
ing segment, while the modified RNG k-ε model can effec-
tively improve the flow’s numerical prediction accuracy
affected by wall curvature effect.

CONCLUSION
A computational fluid dynamics method is adopted to study
the numerical simulation model of blood flow in bend. Curva-
ture modification is conducted for the model of blood flow in
bend to obtain the modified model of blood flow in bend. U
bend with strong curvature effect is used to conduct verifica-
tion experiments. The modified RNG k-ε model can effec-
tively improve the flow’s numerical prediction accuracy
affected by the wall curvature effect, laying the foundation for
further research on blood flow in bend.
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Fig. 6: Lateral wall.

Modified Blood Flow Model in Bend




