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    In this paper, the change of pressure in the 

circulation of blood and viscous blood concentration in a 

vertical Colic vein are studied. The mass, concentration, 

and Navier-Stokes equations introduce the mathematical 

simulation in case of long wavelength and low Reynolds 

number. The analytical results introduced that the 

gradient pressure affected with modified Grashof 

number, vein radius and blood viscosity. Moreover, the 

blood concentration, and velocity of blood is very 

sensitive for the small change of blood density ratio, 

amplitude ratio and vein length.                                         
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1. Introduction 

The ascending colon, transverse 

colon, descending colon and sigmoid colon 

represent the main parts of colon. The colic 

venous drainage is into two veins the 

inferior and superior mesenteric veins [1]. 

Ileocolic vein drains the ileum, the lower 

part of the ascending colon and cecum, 

right colic vein drains the ascending colon 

and middle colic vein drains the transverse 

colon. These veins are tributaries of 

the superior mesenteric vein. This is the 

venous anatomy of right colon [1]. Left 

colic vein drains the descending colon. it 

has ascending and descending branches 

and sigmoid colic vein drains sigmoid 

colon and rectum It is a tributary of the 

inferior mesenteric vein. This is the venous 

anatomy of left colon. In the small veins of 

the mesentery such as colic veins, the 

blood flow is streamlined, laminar and in 

distinct stream. This happens because of 

the peristaltic movements of the wall 

which are small in the vein in comparison 

of the heart [3, 5, 9]. The blood flow in the 

heart is turbulent [4]. In general, the veins 

carry the impure, rich in wastes, gas 

bubbles and deoxygenated blood back 

from the tissues of the body to the heart 

except pulmonary vein. This gas bubbles in 

deoxygenated blood causing several 

healthy problems [2, 8, 11, 12]. The 

direction of deoxygenated blood in the 

vertical colic vein is up to heart against 

gravity. 

Blood decomposes of liquid like water. 

This biofluid known as plasma which 

classified as Newtonian fluid and has 

properties similar to that of water. Blood is 

a Newtonian fluid at high shear rate [13]. 

 

 

Fig.1: Sketch of colic veins  

  Recently the gas bubbles growth is 

studied by Mohammadein et al., [6, 7] 

and Wen [10]. This physical model 

represents the flow of blood in the vertical 

colic vein. In the same way, many 

mathematical and physical models are 

formulated by several authors like 

Mohammadein model [7, 8].  

In this paper, we focus on the study for 

the change of pressure in the circulation of 

blood in a vertical colic vein. The 

peristaltic velocity of blood flow is 

obtained as a function of some physical 

parameters. The analytical solutions are 

obtained for concentration distribution of 

blood, blood velocity and change of 

pressure under the effect of modified 

Grashof number, initial concentration and 

blood viscosity. 

2. Analysis 

In the current problem, the viscous and 

incompressible Newtonian peristaltic blood 

flow is studied in the vertical colic vein. 

The mathematical simulation assume that, 

the blood flows in the vertical colic vein 
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represented in the cylindrical polar 

coordinates with   measured along the axis 

of vein and   is in the radial direction with 

a sinusoidal wave of small amplitude 

traveling down its peristaltic wall as in 

Fig.2. 

 

 

 

 

 

 

 

 

 

Fig.2: Sketch of mathematical problem 

The peristaltic wall of vertical colic 

vein is considered in a following form 
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Where λ is the wavelength,    is the 

average radius of the vertical colic vein,   

is the wave amplitude and   is the wall 

wave speed. Let the velocity components   

and   is the radial and axial directions, 

respectively.  

The conservation equations of mass, 

momentum and concentration distribution 

represent the mathematical model of the 

physical problem as follows:  
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Concentration equation 
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Where P is the pressure, C is the 

concentration of blood in the bio tissues of 

the vertical colic vein, and   is the density 

of the blood. Introducing the dimensionless 

variables as follows 
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Where     is the modified Grashof number, 

   is the Reynolds number,   is the wave 

number,   is the amplitude ratio and   is 

the blood concentration distribution. 

Substituting from relations (6) into the 

system (2-5), then  
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The above system called the non-

dimensional system. The physical problem 

is solved for the large wavelength (   ) 

and the Reynolds number is quite 

small(    ), then the equations (8-10) 

become 
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The blood flow in the vertical colic vein is 

studied under the effect of different 

physical parameters like initial 

concentration, blood viscosity and Grashof 

number. 

The above system (11-13) is solved under 

the effect of boundary conditions in case of 

the above physical proposals. 

        The blood peristaltic flow in a vertical 

colic vein is formulated by the system 

equations (11-13) in terms of pressure, 

blood flow velocity, and concentration. 

The following dimensionless boundary 

conditions for the system (11-13) are 
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Where  0  is initial blood concentration 

distribution at the wall of vertical colic 

vein. The solution of concentration 

equation (13) under the previous boundary 

conditions (16-17) becomes 
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where 
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Substituting by Eqn. (18) into the Eqn. (12) 

and solving Eqn. (12) under the boundary 

conditions (14-15), and the peristaltic 

blood velocity has the form 
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where, 
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 The blood velocity in the great vertical 

colic vein can be rewritten as follows 
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To find the unknown 
  

  
 , we need one 

equation more in the form 

   ∫     
 

 
       (23) 

The dimensionless volume flow rate in the 

fixed frame of reference in a vertical colic 

vein is defined by previous equation (23)  

On the basis of equations (22-23), the 

pressure gradient in the vertical colic vein 

has the form 
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The pressure field can be obtained by 

integration of the above equation (24).  
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3. Discussion and Results 

         The physical problem is described by 

mass, momentum, and concentration 

equations (2-5) respectively for a 

Newtonian viscous fluid flow through the 

vertical colic veins. The problem is solved 

analytically to obtain the blood velocity 

and concentration distribution under the 

effect of several physical parameters as 

modified Grashof number   , initial 

concentration of blood  0, density ratio  , 

and amplitude ratio  . The non- linear 

system (2-5) is transformed to another non 

dimensional system (7-10) with the 

existence of non dimensional numbers like 

Grashof number. The system (11-13) is 

obtained for the long wavelength (   ). 

The concentration distribution of blood 

flow in the vertical colic vein is obtained 

by relation (18). The blood flow velocity is 

given by Eqn. (20).  

Finally, the gradient pressure of blood is 

given by equation (24) by integration we 

can get blood pressure. The values of 

important parameters are collected in the 

following Table: 

 

Symbol    e q  0  0    

Value 0.1 0.01 0.32 1 2 1 

  : Modified Grashof number 

e: Amplitude ratio 

q: Blood flow rate in a colic vein.       

 0: Venous blood velocity        . 

 0: Intial concentration         . 

  : Final concentration         . 

The peristaltic blood flow and the blood 

Concentration   in terms of   for different 

values of amplitude ratio   and distance z 

along the vertical colic vein are shown in 

Figs. 3 and 4 respectively. It is observed 

that the concentration   is proportional 

with amplitude ratio   and inversely at 

distance z at      . On contrary, when 

      the concentration   is proportional 

with distance z    and inversely with 

amplitude ratio  .  

 The blood flow velocity in the vertical 

colic vein w(r, t) in terms of    for different 

values of amplitude ratio   and modified 

Grashof number   shown in Figs. (5& 6) 

respectively. It is observed that, the blood 

velocity is directly proportional with 

modified Grashof number  and amplitude 

ratio at distance     . On contrary, when 

     the blood velocity is inversely 

proportional with amplitude ratio   

because the velocity affected by peristaltic 

vein. 

The blood gradient pressure in terms 

of vein axis is shown in Fig. (7) It is 

observed that the gradient pressure 
  

  
  increases by the increasing of 

amplitude ratio in peaks and   vice versa in 

troughs due to the pervious duality 

behavior of amplitude ratio with velocity. 

          The blood pressure P shown in Figs. 

(8&9) is inversely proportional with 

modified Grashof number     because 

when blood viscosity increases, blood 

pressure also increases. Pressure in terms 

of amplitude ratio changes from peaks to 

troughs to push blood up against gravity.  

. 



 

Fig.3: Blood concentration under effect of amplitude ratio 

 

Fig.4: Blood concentration under effect of vein length 

 

 

Fig.5: Blood velocity under effect of amplitude ratio 
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Fig.6: Blood velocity under effect of Grashof number 

 

  Fig.7: Pressure gradient under effect of amplitude ratio 

 

 

Fig.8:  Blood Pressure under effect of amplitude ratio 
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Fig.9: Blood Pressure  under effect of  Grashof  

number 

4. Conclusion  

Change of pressure in the circulation 

of blood in a vertical colic vein is solved 

analytically under the effect of peristaltic 

motion with long wavelength and low 

Reynolds number.  

 On the basis of above discussions of 

figures, the following remarks are 

concluded: 

1. The concentration of blood   changes 

through the vertical colic vein according 

to the contraction and relaxation of the 

peristaltic wall of vein and affected by 

amplitude ratio and vein length. 

2. The velocity of blood flow is directly 

proportional modified Grashof number  

   and with amplitude ratio        

and inversely proportional with 

amplitude ratio        due to the 

blood velocity increase through the 

peristaltic vein.    

3. The gradient pressure changes in peaks 

than troughs due to the pervious duality 

behavior of amplitude ratio with 

velocity. 

The physical parameters amplitude ratio 

and modified Grashof number affected 

on pressure gradient. 

4. The blood pressure increases by the 

decreasing of modified Grashof number 

    because of its relation with viscosity. 

This verified the inverse relation 

between blood pressure and velocity in 

veins. Moreover, the blood pressure is 

relatively increasing and decreasing in 

the vein and affected by amplitude ratio. 

 In the same concept, the blood pressure 

decreases through the blood flow in the 

direction to heart. 

5. The blood concentration, blood flow 

velocity, pressure gradient and blood 

pressure are very sensitive for the small 

change of all physical parameters.  

6. The above concluded remarks prove the 

validity of the proposed model, and how 

to extend the present model in more 

properties of different fluids and flows 

in different veins. 
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 نتًعجيا نشأسيقٕنَٕٗ افي انٕسيذ انلإَسياب انذو  تغيش انضغط 

 

ا.د/ فتحٗ انحسيُٗ
1 

، ا.د/سهيى يحًذيٍ
2
عاطف انبُذاسٖ، ا.د/  

1
انخٕنٗ يًذٔح ِ، ساس 

1
عهٗ سهيى ، د/ يٓا 

2
 

 يصش -جايعت طُطا -كهيت انعهٕو  -قسى انفيضياء 1

 يصش -جايعت طُطا -كهيت انعهٕو  -قسى انشياضياث 2

نصياغت ْزة  انًحاكاة انشياضيت .نتًعجيا نشأسيقٕنَٕٗ اانفي ْزا انبحث تى دساست تغيش انضغط في انٕسيذ 

عذد  ّ ٔإَخفاضانطٕيه ّل انًٕجياطٕالأستٕكس في حانت -يعادلاث انكتهت ٔانتشكيض َٔافيشثم فٗ انًشكهت تتً

 سيُٕنذص. 

سقى جشاشٕف َٔصف قطش انٕسيذ ٔنضٔجت  غيش يتأثش بتفٗ انضغط َحذاس لإأظٓشث انُتائج انتحهيهيت أٌ احيث 

تغيش انطفيف في َسبت كثافت انذو َٔسبت نه يّ عانيت حساسنّ انذو. علأة عهٗ رنك ، فإٌ تشكيض انذو ٔسشعتّ 

 انسعت ٔطٕل انٕسيذ.
 


