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ABSTRACT  

This study emphasizes the great impacts of the process of injection gold nanoparticles (AuNPs) through the 

blood vessels of the human body for cancer therapy. This investigation handles the effects of the heating 

process, the slipping, the gravity, and the various shapes of the nanosize particles on the behavior of the blood 

flow in a tube. The kinetics of gold-blood flow of nanofluid occurs according to the peristaltic wave which 

motives the flow through the body. The efficient Hamilton-Crosser model for the nanofluid thermal 

conductivity is selected. The governing equations of the incompressible non-Newtonian nanofluid are solved 

under the procedures of the perturbation strategy with a small wavenumber and long wavelength. Graphical 

results for the velocity, the temperature distributions, and the streamlines are deduced using MATLAB 

software under the effect of the heat source, Grashof number, Shapes of the AuNPs (Bricks, cylinders, and 

platelets), AuNPs concentrations, and slipping conditions. The results show a great impact of the heat transfer, 

shape factor, and the concentration of the injected AuNPs on the cancer treatment. 
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1. Introduction 

In the recent four decades, cancer is one of the 

dangerous and fatal diseases in humans. This 

malignant disease is classified as the third cause of 

mortality worldwide [1]. Thus, the scientists and the 

researchers declared the war on cancer in their 

laboratories and researching to reduce deaths from this 

silent disease. The malignant tumors and neoplasms 

arise due to the uncontrollable growth of the body 

abnormal cells near their boundaries and invade the 

organs of the body. The metastases of the cancer cells 

occur when they can separate from their main tissues 

and invade the blood and lymph tissue to transfer to 

the other tissues where they are reproduced and 

continue in growth, these metastases finally led to 

death.  

The main reasons for the transformation from normal 

cells to abnormal tumor cells are depending on the 

genetic factors of the persons and other external 

factors such as the physical, chemical, and biological 

carcinogens including the harmful ultraviolet 

radiations, infections from viruses, bacteria, or 

parasites, handling the aflatoxin, and the arsenic [2]. 

Elimination of cancer acquires many investigations 

and experiments [3-6] which led to many strategies for 

cancer therapy for instance; the conventional 

intervention of surgery, chemotherapy, and radiation 

therapy. Nanotechnology provides an excellent tool 

for cancer treatment as the NPs are smaller by one 

hundred to ten thousand times in size than the tumor 

cells therefore the NPs can interact within the 

malignant cells and proteins [7]. Photothermal therapy 

(PTT) is a new technique used for destruction the 

malignant cells by injection of the AuNPs into the 

blood vessels beyond the tumor tissues and exposes 

them to a thermal effect. The heating occurs by 

focusing appropriate wavelength laser pulses to the 

targeted AuNPs which can kill the bacteria and destroy 

neoplasms. The explosion of the malignant cells 

occurs when the AuNPs absorb the laser light and the 

temperature of the AuNPs reaches (70-80) oC, which 

is sufficient to kill and destroy them [8].  

The kinetics of the gold-blood flow of nanofluid arises 

as a result of the peristaltic action of the smooth 

muscles on the tunica media of the blood vessels walls. 

The peristalsis has a vital role in the dynamics of many 
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biological fluids in the human body, e.g. the blood 

flow in the blood vessels of the cardiovascular, the 

propulsive action of the bolus via the esophagus, and 

the urine flow in the ureter [9-24]. Slipping at the walls 

may appear in certain diseases, thus the effect of 

slipping was taken into consideration also in the 

related articles [25-29]. The physical parameter 

Knudsen number Kn  refers to the slipping case in 

which the flow has a tangential relative velocity at the 

walls and the fluid particles don't adherent on the 

boundaries the reasonable range is  0.01 <  Kn <
0.15, see Fang [30]. Furthermore, nanotechnology has 

vital contributions in the industry, chemistry, biology, 

engineering, medicine, and other relevant fields of 

research.  

Nanofluids are resulting from dispersing nano-scale 

solid suspensions with a size range between 1 to 100 

nm called NPs through the base fluid e.g. blood, oil, 

water, and petrol. From the medical point of view, the 

NPs were prepared for the treatment purpose with 

suitable physical characteristics. The NPs prepared in 

the labs from of metals, oxides, or carbides. The NPs 

have ferromagnetic, thermal conductivities, heat 

transfer coefficients, and chemical properties 

compared to the base fluid to enhance the heat transfer 

and magnetic effects. Choi and Eastman [31] were the 

first who introduced new metallic NPs which have 

high thermal conductivity and were efficient in 

enhancing the heat transfer rate when dispersed in the 

base fluids. A very useful review of the different 

models of thermal conductivities was investigated by 

Kumar et al.  [32]. There are several types of NPs are 

used in nanotechnology, for instance, gold, silver, 

copper, titanium, aluminum, steel, and so on [33]. The 

gold NPs are carefully chosen to be injected into the 

blood vessels for blood flow applications and 

particularly cancer therapy applications. The atomic 

number of the AuNPs is high enough to transfer the 

heat by natural convection which is useful for tumor 

PTT. The first attempt to use the AuNPs for malignant 

treatment was tested by Huang and El-Sayed [34] who 

introduced the effectiveness of the AuNPs' optical 

properties and in neoplasms diagnosis and PTT. 

Hamilton – Crosser model was a good model to 

express the effective thermal conductivity of the 

nanofluid and this model is developed with the aid of 

the shape factor of the NPs. There are three shapes of 

the AuNPs (bricks, cylinder, and platelets) each has a 

surface area to enhance the heat transfer by convection 

to the malignant tissues [35]. Researches [36, 37] 

handled experimentally the performance of AuNPs in 

the destruction of the malignancies and proved that 

they are safe and effective for systemic drug delivery 

to these malignancies.  

There are only a few articles involving the interaction 

between NPs and the peristalsis through the different 

ducts. Abdelsalam and Bhatti [38] analyzed the effect 

of AuNPs migration through blood flow through an 

endoscope. They considered the peristalsis as the 

motive force of the flow. They have also used the 

Homotopy perturbation strategy for solving the 

governing equations. They mentioned that cancer 

therapy using the AuNPs is less cost than 

chemotherapy and it is also a safe tool. The results 

showed that the increase of nanoparticle concentration 

and heat source enhanced the temperature distribution 

and eliminate the malignancy cells. The thermal and 

magnetic effects were applied to the peristaltic 

transport of the blood flow carrying out several 

nanoparticles to enhance the heating effect through 

various conduits as presented in [39-46]. Sadaf and 

Abdelsalam [47] dispersed two types of NPs into pure 

blood moving peristaltically through a tube by taking 

into consideration the heating effect and the shape 

effect of the NPs such as bricks, cylinders, and 

platelets. The temperature is increased by increasing 

the heat source parameter but increasing the Biot 

number reduces the temperature distribution and the 

tapered bolus vanished at large values of Biot number. 

One of the most findings was that the hybrid NPs have 

high performance on the heat rate better than the set 

NPs. Bhatti et al. [48] turned to analyze the peristaltic 

runoff of the gyrotactic microorganisms and the 

ferromagnetic NPs through the blood using Sutterby 

fluid model. The most accurate up to third-order 

perturbation strategy has been performed. The 

temperature distribution was large in the case of the 

divergent shape of the artery compared with the 

convergent one. The Peclet number reduced the motile 

microorganism curve and the non-Newtonian property 

opposed the flow. Abdelsalam and Bhatti [49] 

introduced the magnetic and thermal radiation to the 

peristalsis of the non-Newtonian nanofluid containing 

oxytocic microorganisms using the Homotopy 

perturbation methodology (HPM). Abdelsalam and 

Bhatti [50] investigated the peristaltic propulsion of 

the blood carrying out TiO2 NPs in the endoscope 

under the influence of a variable magnetic field and a 

heat source. The undertaken model was Prandtl fluid 

model. The outcomes showed that the maximum 

velocity profile has existed beyond the center of the 

annulus. Akbar and Butt [51] have illustrated the shape 

factor effects on the convection heat transfer of the 

ferromagnetic copper water nanofluid peristaltic 

motion using the longwave length and small Reynolds 

number methodology. It was found that the increase of 

NPs volume fraction enhanced the thermal 

conductivity of the nanofluid and the shape of the 

platelets of NPs has the highest thermal conductivity 

while the shape of the bricks was the lowest. And also, 

the Hartmann number enhanced the velocity beyond 

the boundary and reduced it near to the core of the 
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tube. The NPs shape effects were also handled in the 

presence of a transverse magnetic field and the 

gravitational effect of the copper water nanofluid 

moving peristaltically. The outcomes emphasize that 

the temperature profile was increased by raising the 

NPs volume fraction with the cylinder shape, also the 

gravitational effect was obvious as the rise of the 

Grashof number led to an acceleration of the 

streamwise flow with high thermal buoyancy force for 

the shape of the platelets. Recently many articles are 

handling the different physical factors on the 

peristaltic flow of nanofluids through several conduits 

[52-62]. 

 

2. Aim and Research Significance 

The motivation of this research is to study the thermal 

heating, the gravitational and the slipping effects on 

the behavior of the peristaltic propulsion of the AuNPs 

through the blood vessels near to the malignant tumors 

in the artery. It is also important to select the best shape 

of the AuNPs amongst three classes of bricks, 

cylinders, platelets NPs to enhance the natural 

convection of thermal heating to destroy the 

neoplasms. The Hamilton-Crosser model is the best 

and the effective model representing the thermal 

conductivity of the nanofluid interacted with the shape 

factor of the nanofluid [32]. The current problem is 

solved by the perturbation strategy with a small 

wavenumber perturbation parameter. This is the first 

try to solve the nanofluids' peristaltic motion using the 

perturbation method. This study presents a theoretical 

study of injection of the AuNPs in the blood vessels 

for cancer therapy application. 

 

3. Problem Formulation 

3.1. Geometry Description 

The dynamics of the selected model take the effect of 

peristalsis. The containment involves a non-

Newtonian nanofluid with gold Nanoparticles 

migrated in the blood base fluid through an arterial 

tube of finite length. The smooth muscles on the tunica 

media in the middle layer of the blood vessel are the 

main reason for the peristaltic waves that drive the 

nanofluid within the artery. Also, the interior surface 

of the circular tube contains cilia that produce 

metachronal waves helping the kinetics of the 

peristaltic pulse in driving the nanofluid. The slipping 

at these walls and the gravitational effects are also 

taken into consideration. The undertaken model is 

exposed to a constant temperature thermal analysis at 

the external walls. Three types of AuNPs shapes 

(bricks, cylinders, platelets) are chosen to analyze the 

ability of the AuNPs shapes on the thermal heating of 

the malignant tumors, see Figure (1). Hamilton-

Crosser model is acceptable to express the effective 

thermal conductivity of the AuNPs in terms of the 

shape factors.  

  

 

Figure 1- The peristalsis geometry of the dispersed 

AuNPs in the blood within a tube  

 

The unsteady wavy frame has fixed coordinates (R, Z) 

and it is converted to a steady wavy frame with 

coordinates (r, z) moving with the same wave speed c. 

The z-axis is the streamwise direction of the flow and 

the R-axis is the radial direction orthogonal to the flow 

direction. The transformations of the coordinates of 

the two frames are as follows: 

r R= , z Z c t= − , ( , , ) ( , , )u r z t U R Z t= , 

( , , ) ( , , )w r z t W R Z t= ,  ( , , ) ( , , )p r z t P R Z t= . 

3.2. Mathematical Formulation 

The differential equations (conservation, momentum, 

and energy) representing the kinetics of the steady 

incompressible non-Newtonian nanofluid carrying out 

the AuNPs injected through the blood base fluid 

within a tube are expressed as mentioned in [63] as 

follows. 

3.2.1. Governing Equations 

• Continuity 
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The height of the flexible tubes takes the form of 

sinusoidal wave which propagates vertically as 

follows 

   

2
( , ) cos ( ) ,r R Z t R a Z c t





= + = + −

       (5) 

The nanofluid density, effective dynamic viscosity 

,and the heat capacitance take the form of [64] as 

follows: 
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= 
− 

= − +          (6) 

The Hamilton-Crosser model expresses the effective 

thermal conductivity of the nanofluid in terms of the 

AuNPs shape factor according to [32] as follows: 

( 1) ( 1)( )
,

( 1) ( )

s f f s
nf f

s f f s

k m k m k k
k k

k m k k k





 + + − + −
=  

+ + + −    (7) 

Table (1) gives the three types of the AuNPs and their 

corresponding values of the shape factor. Table (2) 

shows the nanofluid physical properties which 

consists from the base fluid (blood) and the injected 

NPs (gold) through the blood vessels as [65]. 

Table 1- The three types of AuNPs and their shape 

factors 

Nanoparticles 

class 
The shape 

The shape  

factor 

Bricks 
 

3.7 

Cylinders 
 

4.9 

Platelets 
 

5.7 

Table 2- The nanofluid physical and thermal 

properties 

Thermophysical 

properties 

Blood (base 

fluid) 

Gold 

(AuNPs) 

Cp (J/Kg.oK) 3594 128.8 

𝛒 (Kg/m3) 1063 19320 

𝐤(W/m.oK) 0.492 314.4 

3.2.2. Boundary Conditions 

This section expresses the suitable physical conditions 

of the undertaken problem which helps a lot in 

understanding and analyzing the nanofluid behavior 

according to the slipping velocity and the thermal 

heating at the walls which will be transferred to the 

AuNPs to enhance the physical features of the 

nanofluid to kill the malignancy cells. These 

conditions are verified at the boundaries at r =
(R + η) as follows: 

The Slipping case is 

    
( , , ) ,

w
w r z t A

r


= −

                                (8) 

The fully developed case with maximum streamwise 

velocity at the core of the tube (𝑟 = 0) is 

    

( , , )
0,

w r z t

r


=

                                          (9) 

The radial velocity at the tube core (𝑟 = 0) vanishes 

as 

    ( , , ) 0,u r z t =                                              (10) 

The isothermal thermal heating at walls with constant 

temperature at the external surface is 

    
,oT T=

                                                          (11) 

The temperature distribution at the tube centerline 
(𝑟 = 0) achieves the case of symmetry as: 

    
0.

T
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3.2.3. Boundary Conditions 

The used nondimensional quantities and parameters 

are introduced as follows: 
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Applying the dimensionless analysis (13-15) on the 

nanofluid governing and boundary equations (1-5) and 

(8-12) results in the next system of differential 

equations after dropping the overbars as follows: 

The governing equations are 

0,
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The boundary conditions: 

At the cylinder walls   (r = h(z) = (1 + η) = 1 +
ε cos (2πz)) are 
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( , )
( , ) ,

w r z
w r z Kn

r


= −

                      (20) 
( , ) 0,r z =

                                                    (21) 

At the cylinder core  (r = 0) are 
( , )

0,
w r z

r


=

                                                (22) 
( , ) 0,u r z =                                                      (23) 

( , )
0,

r z

r


=

                                                  (24) 

4. Method of Solution 

The executed strategy for solving the system of 

governing equations is the perturbation strategy. It 

represents a power series expansion for the physical 

parameters of the nanofluid with a small wave 

number δ. The pressure gradient is supposed to be 

constant. 
2 3
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The steps of the perturbation strategy depend on using 

the power series of (25-28) in the problem governing 

equations (16-19) and their boundary conditions (20-

24). This procedure results in three systems of 

equations (zero, first, and second) sets as follows: 
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With their boundary conditions 
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With their boundary conditions 
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Noting that   
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The exact solution for three resulting sets with their 

boundary conditions is obtained by integrating these 

differential equations and using their boundary 

conditions to get their constant. 

The solution of the zero-order set is 
2

1 2 ,o I r I = +
                                             (54) 

4 2

1 2 3,ow A r A r A= + +
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5 3

1 2 3 .ou L r L r L r= + +
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The solution of the first order set is 
8 6 4 2

1 13 14 15 16 17 ,s r s r s r s r s = + + + +
     (57) 
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10 8 6 4 2

1 1 2 3 4 5 2 ,w g r g r g r g r g r c= + + + + +
 (58) 

11 9 7 5 3

1 1 2 3 4 5 6 .u F r F r F r F r F r F r= + + + + +
 (59) 

The solution of the second order set is 
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 17 15 13 11

2 1 2 3 4u D r D r D r D r= + + + +  

9 7 5 3

5 6 7 8 9 .D r D r D r D r D r+ + + +      (62) 

The streamlines can be obtained by integrating the 

next relation. 
1 ( , )r z

w
r r


= −

                                        (63) 

Also, the streamwise velocity profiles and the 

temperature distribution are found according to the 

relations (25) and (27). Noting that, the coefficients 

and the constants are expressed in the appendix 

section.  
5. Results and Discussion 

The essential objective of this part is showing and 

discussing the behavior of the blood flow after 

injection AuNPs through it in the tube. The deduced 

expressions for the streamwise velocity, the 

temperature distributions, and the streamlines are 

graphically presented and discussed according to the 

emerging thermophysical properties of the prorogating 

nanofluid with the aid of MATLAB software. This 

include the influence of NPs concentrations (𝜙), the 

shape factors (𝑚) , the slipping Knudsen number 

(Kn) , the gravitational Grashof number (Gr) , the 

thermal heat source (𝛽) , the perturbation wave 

number parameter (δ), the peristaltic amplitude ratio 

(ε) , the constant pressure gradient (
dp

dz
) , and the 

streamwise location (z)  which indicates the local 

wave shape (tube, expansion, contraction). The 

pressure gradient is supposed to be constant. The 

streamwise velocity profiles are plotted in Figures (2–

10) with low Reynolds number and small wave 

number under the impact of the pervious 

thermophysical properties by making a graphical 

comparison to show the difference between the two 

cases of non-slipping and slipping conditions. The 

data used to indicate the graphs of Figures (2–10) are 

tabulated in Table (3) for the two cases of conditions; 

non-slipping condition (Kn = 0)  and slipping 

condition (Kn = 0.1). The platelets shape is chosen to 

represent the AuNPs surface geometry. The constant 

negative pressure gradient (
dp

dz
< 0) is favorable, as it 

means the flow occurs in the streamwise direction 

without any reversal flow. The back flow and the 

separation phenomenon occur according to the 

positive pressure gradient (
dp

dz
> 0).  

Figure (2) indicates the enhancement in the 

streamwise velocity as a result of increasing the 

gravitational Grashof number. This effect appears in 

both cases of non-slipping (Kn = 0)  and slipping 

(Kn = 0.1). The velocity profiles are higher in case of 

slipping and the slipping effect is very obvious at the 

walls as it raises the relative velocity at the boundaries. 

Figure (3) takes a look on the shape and the direction 

of the flow of the nanofluid according to the pressure 

gradient sign for both cases of slipping and non-

slipping. It is also observed that the favorable pressure 

gradient is the negative as the fully developed flow 

exists and no separation occurs while the adverse 

pressure gradient takes the positive sign and causes the 

reversal flow. The zero-pressure gradient isn’t 

preferable as the velocity profiles are small and seem 

to be constant but it still better than positive pressure 

gradient. The slipping effect increases the velocity 

near the walls and makes the trend of the velocity 

profiles higher than these exist in the non-slipping 

case. It is noticed in Figure (4) that the raise in the heat 

source intensity causes a growth in the net axial 

velocity profiles. The high concentration of the 

volume fraction for the AuNPs resists the flow motion 

and reduces the streamwise velocity as plotted in 

Figure (5). The shape and the surface geometry of the 

AuNPs has a great impact on the streamwise velocity 

of the nanofluid. Figure (6) shows that, the platelets 

shape of AuNPs has the lowest velocity profile while 

the velocity profiles are greater in case of the shape of 

bricks. Thus, to enhance the streamwise velocity, the 

selected shape of the AuNPS is the bricks shape. The 

sharpness of the peristalsis which is responsible for the 

motion of the nanofluid is specified according to the 

amplitude ratio. It is observed in Figures (7–8) that the 

boosting in the streamwise velocity profiles occurs 

because of the increase in the wave number and the 

wave amplitude ratio, respectively. The streamwise 

location(z) controls the values of the axial velocity. 

The velocity profile is high at the location where the 

expansion occurs (r = 1 + ε)  and the axial velocity 

falls down at the location of uniform tube (r = 1), 

whilst at the location of contraction (r = 1 − ε) takes 

the lowest axial velocity profile; see Figure (9). 

From the pictorial view of the net axial velocity 

profiles in case of the slipping conditions, the net axial 

velocity takes higher magnitudes than the non-slipping 

ones at the core of the tube and at the boundaries as 

shown for (Kn = 0.1)  in Figures (2–9). This is 

confirmed by Figure (10), which shows the effect of 

slipping and non-slipping conditions on the behavior 
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of the nanofluid, it is noticed that the increase in the 

slipping flow (Kn) is boosting the streamwise velocity. 

 
(a) Kn = 0

 
(b) Kn = 0.1 

Figure 2- Effect of the gravitational Grashof number 

on the streamwise velocity profiles for the blood flow 

of nanofluid (cases of slipping and non-slipping) 

 
(a) 𝐾𝑛 = 0 

 
(b) 𝐾𝑛 = 0.1 

Figure 3- Effect of the pressure gradient on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
(a) Kn = 0

 
 (b) Kn = 0.1 

Figure 4- Effect of the thermal heat source on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 
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(a) 𝐾𝑛 = 0

 
 (b) Kn = 0.1 

Figure 5- Effect of the influence of NPs 

concentrations on the streamwise velocity profiles for 

the blood flow of nanofluid (cases of slipping and 

non-slipping) 

 
(a) Kn = 0 

 
 (b) Kn = 0.1 

Figure 6- Effect of the shape factors on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
(a) Kn = 0

 
 (b) Kn = 0.1 

Figure 7- Effect of the wave number parameter on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 
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(a) Kn = 0

 
 (b) Kn = 0.1 

Figure 8-  Effect of the amplitude ratio on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
(a) Kn = 0  

 
 (b) Kn = 0.1 

Figure 9-  Effect of the streamwise location on the 

streamwise velocity profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
Figure 10- Effect of the slipping parameter (Knudsen 

number) on the streamwise velocity profiles for the 

blood flow of nanofluid. 
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Table 3- Thermophysical Parameters Corresponding to Figures (2–9) 

   Thermophysical  

             parameters 

 

Figures 

𝐺𝑟 
𝑑𝑝

𝑑𝑧
 𝛽 𝜙 𝑚 𝛿 𝜀 𝑧 𝑅𝑒 

Figure 2 

2 

-0.5 0.2 0.7 5.7 0.1 0.1 0.25 0.5 
4 

6 

8 

Figure 3 8 

0 

5 0.7 5.7 0.01 0.1 0.25 0.2 -0.5 

0.5 

Figure 4 0.8 -0.5 

0.2 

0.7 5.7 0.1 0.1 0.25 0.2 
0.4 

0.6 

0.8 

Figure 5 0.2 -0.2 0.2 

0.4 

5.7 0.01 0.1 0.25 0.5 
0.42 

0.44 

0.46 

Figure 6 0.2 -0.5 0.5 0.7 

3.7 

0.1 0.1 0.25 0.5 4.9 

5.7 

Figure 7 0.2 -0.5 0.5 0.7 5.7 

0.1 

0.1 0.25 0.5 
0.12 

0.14 

0.16 

Figure 8 0.2 -0.5 0.5 0.7 5.7 0.1 

0.1 

0.25 0.5 
0.2 

0.3 

0.4 

Figure 9 0.8 -2 0.8 0.7 5.7 0.01 0.2 

0 

0.2 0.25 

0.5 

Figure 10 0.2 -0.5 5 0.7 5.7 0.1 0.1 0.25 5 

 
The thermal heating effect appears by plotting the 

temperature distribution profiles for the two cases of 

conditions; non-slipping condition (Kn = 0) and 

slipping condition (Kn = 0.1) as shown in Figure 

(11–17). These profiles are expressing the convective 

heating and the ability of the AuNPs to absorb and 

transfer the heat to the malignant cells in the blood. 

The related data expressing the different values of the 

thermophysical properties corresponding to Figure 

(11–16) are tabulated in Table (4) for the two cases of 

conditions; non-slipping condition (Kn = 0) and for 

the slipping condition (Kn = 0.1). From the graphs of 

the temperature distributions, the nanofluid 

temperature inside the core of the tube is the greatest 

and the temperature decreases along the tube up to the 

boundaries. Figures (11–13) show that the nanofluid 

temperature distribution is growing by raising the heat 

source intensity, the Grashof number and the 

peristalsis amplitude ratio. In contrast, the crowd on 

AuNPs concentrations reduces the temperature 

distributions as noticed in Figure (14).  

The shape of nanoparticles and its surface area has a 

vital role in the heat absorption and the heat transfer. 

The bricks shape has the highest surface area, then the 
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cylindrical shape and the platelets shape has the lowest 

surface area. As a result, the bricks shape has the 

largest temperature distributions, the cylindrical shape 

reduces the temperature distributions but still larger 

than the temperature in case of the platelets shape. 

Then the bricks shape is recommended as a best 

AuNPs shape for conveying the heat and giving 

highest temperature, see Figure (15). The z location 

affects the temperature distribution in Figure (16) as 

the temperature falls down by changing the location 

from the expansion position (r = 1 + ε), the 

tube (r = 1), and the contraction position (r = 1 −
ε), respectively. From the photographic view of the 

temperature distribution profiles in case of the slipping 

condition (Kn = 0.1) as shown in Figures (11–16), it 

is observed that, the magnitude and the trend of the 

temperature distribution profiles are high compared 

with the non-slipping condition (Kn = 0). This is 

confirmed by Figure (17), which shows that the effect 

of slipping and non-slipping conditions on the 

temperature distribution profiles, it is noticed that the 

temperature distribution of the nanofluid enhancing by 

augmenting in the slipping flux (Knudsen number Kn) 

enhances the temperature distribution of the nanofluid.  

 

 
(a) Kn = 0 

 
(b) Kn = 0.1 

Figure 11- Effect of the gravitational Grashof number 

on the temperature distribution profiles for the blood 

flow of nanofluid (cases of slipping and non-slipping) 

(a) Kn = 0

 
(b) Kn = 0.1 

Figure 12- Effect of the thermal heat source on the 

temperature distribution profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 
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(a) Kn = 0

 
(b) Kn = 0.1 

Figure 13- Effect of the amplitude ratio on the 

temperature distribution profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
 (a) Kn = 0 

 
 (b) Kn = 0.1 

Figure 14- Effect of the NPs concentrations on the 

temperature distribution profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 

 
(a) Kn = 0 

 
 (b) Kn = 0.1 

Figure 15- Effect of the shape factors on the 

temperature distribution profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping) 
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Table 4- Thermophysical Parameters Corresponding to Figures (11–16) 

      Thermophysical  

               parameters 

 

Figures 

𝐺𝑟 
𝑑𝑝

𝑑𝑧
 𝛽 𝜀 𝜙 𝑚 𝛿 𝑧 𝑅𝑒 

Figure 11 

2 

-0.2 0.6 0.1 0.7 5.7 0.01 0.25 0.2 
4 

6 

8 

Figure 12 0.8 -0.2 

0.2 

0.1 0.7 5.7 0.01 0.25 0.2 
0.4 

0.6 

0.8 

Figure 13 0.2 -0.5 0.8 

0.1 

0.7 5.7 0.01 0.25 0.2 
0.15 

0.2 

0.25 

Figure 14 0.2 -0.5 0.2 0.1 

0.4 

5.7 0.001 0.25 0.2 
0.42 

0.44 

0.46 

Figure 15 0.2 -0.2 0.6 0.1 0.7 

3.7 

0.01 0.25 0.2 4.9 

5.7 

Figure 16 2 -0.5 2 0.1 0.7 5.7 0.001 

0 

0.2 0.25 

0.5 

Figure 17 0.2 -0.2 0.6 0.1 0.7 5.7 0.01 0.25 2 

 
(a) Kn = 0 

 
(b) Kn = 0.1 

Figure 16- Effect of the streamwise location on the 

temperature distribution profiles for the blood flow of 

nanofluid (cases of slipping and non-slipping)

0 0.2 0.4 0.6 0.8 1 1.2
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

r



 

 

z=0 & r=1 + 

z=0.25 & r=1

z=0.5 & r= 1 + 

Expansion

Contraction 

Mean Raduis

0 0.2 0.4 0.6 0.8 1 1.2
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

r



 

 

z=0 & r=1 + 

z=0.25 & r=1

z=0.5 & r= 1 + 

Mean Raduis

Expansion

Contraction 



M. M. Ahmed  et al. “ Heating and Slipping Effects on Gold-Blood Flow of Nanofluid ..”  

                                  ERJ, Menoufia University, Vol. 46, No. 4, October 2023                                  568 

 

 
Figure 17- Effect of the slipping parameter (Knudsen 

number) on the temperature distribution profiles for 

the blood flow of nanofluid. 

The streamlines curves of the blood flow of nanofluid 

along the tube radius are illustrated in Figures (18–22) 

and the related data for the thermophysical parameters 

are tabulated in Table (5). The smooth eddies are 

occurring near the boundaries, but the contours are 

uniform near the core of the tube. The contours of the 

blood flow of nanofluid streamlines are closing each 

other in case of non-slipping flow and these contours 

are spaced enough according to the slipping conditions 

as shown in Figure (22). The increase in the 

gravitational Grashof number (Gr) and heat source 

intensity (β) causes the shape of contours of the 

streamlines more uniform as illustrated in Figures (18–

19). Figure (20) shows that the raise of the AuNPs 

concentration (∅) make the contours closes to each 

other and eddies are increased. The different shapes of 

the AuNps have approximately the same effect on the 

shape of the enclosed streamlines contours as shown 

in Figure (21). 

 
(a) Gr = 2 

 
 (b) Gr = 8 

Figure 18- Effect of the gravitational Grashof number 

on the Stramlines contours along the tube axis 

 
(a) β = 2 

 
 (b) β = 8 

Figure 19- Effect of the thermal heat source on the 

Stramlines contours along the tube axis 
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(a) ∅ = 0.1 

 
(b) ∅ = 0.5 

Figure 20- Effect of the NPs concentrations on the 

Stramlines contours along the tube axis 

 
(a) 𝑚 = 3.7 (Bricks) 

 
(b) m = 4.9 (Cylinders) 

 
(c) m = 5.7 (Platelets) 

Figure 21- Effect of the shape factors on the 

Stramlines contours along the tube axis 

 
(a) Kn = 0 
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 (b) Kn = 0.1 

Figure 22- Effect of the slipping parameter (Knudsen 

number) on the Stramlines contours along the tube 

axis 

Accuracy Check 

This study represents the initial attempt at addressing 

peristaltic motion of nanofluids within a tube using the 

perturbation technique. The accuracy of the solution is 

validated as the derived differential equations for 

velocity and temperature agree with those obtained by 

Akbar and Butt [51] in the absence of slipping 

conditions. It is worth noting that the graphical results 

of this study for velocity distribution under no-slip 

conditions approaches with the findings of Akbar and 

Butt [51] in the absence of magnetic field effects as 

shown in Figure (23). 

 
Figure 23- Velocity distribution under the effect of 

Grashof number for accuracy check and validation 

 

Table 5- Thermophysical Parameters Corresponding to Figures (18–22) 

      Thermophysical  

               parameters 

 

Figures 
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 𝛽 𝜙 𝑚 𝛿 𝜀 𝑅𝑒 𝐾𝑛 

Figure 18 

2 
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Figure 19 2 -0.5 
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Figure 21 2 -0.5 6 0.7 

3.7 

0.001 0.2 0.5 0.1 4.9 
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6. Conclusions   

This research is handling the action of several 

thermophysical properties of the nanofluid such as the 

heat source intensity, the gravitational effect, the 

slipping at walls, the nanoparticles shape factor, the 

peristalsis amplitude ratio, and the solid nanoparticles 
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concentration on the behavior of the nanofluid flow 

through a vertical tube. The dynamics of the blood 

flow of nanofluid flow occur according to the 

peristaltic action. The nanofluid consists of the blood 

as a basis fluid and the gold as injection nanoparticles 

into the bloodstream. The Hamilton-Crosser model is 

selected to express the performance and the 

effectiveness of the thermic conductivity of the AuNPs 

in terms of the shape factor. The streamwise velocity 

profiles, the temperature distribution, and the 

streamlines contours are plotted under the influence of 

the perivous properties. Three shapes of AuNPs 

(bricks, cylinders, and platelets) are chosen to 

represent the best surface geometry to measure their 

ability for the heat absorption and transfer the heat. 

The perturbation strategy is used for solving the 

problem governing equations with long wavelength 

and low Reynolds number. The injection of the 

AuNPs through the blood in presence of thermal 

heating is a good model representing the photothermal 

therapy to eliminate the malignance cells in the blood 

vessels. The concluding remarks of the results of the 

problem are as follows: 

1. The intensity of the heat source and the 

gravitational Grashof number are enhancing 

the streamwise velocity and the temperature 

distributions of the nanoparticles. 

2. The net axial velocity and the temperature 

distribution profiles in case of slipping flow are 

high unlike the non-slipping case. 

3. The bricks AuNps are enhancing the thermal 

heating and for boosting the streamwise 

velocity likewise platelets AuNPs. 

4. The increase in the AuNPs concentration 

reduces the net axial velocity and decreases the 

temperature distribution. 

5. The adverse pressure gradient (
𝑑𝑝

𝑑𝑥
> 0) resists 

the flow and the reversal flow exists likewise 

the negative pressure gradient. The contours of 

the streamlines are enclosed for the non-

slipping condition unlike the slipping case and 

the eddies are existing near the boundaries and 

the countors are uniform near the core of the 

tube. 

6. The contours of the streamlines are enclosed 

for the non-slipping condition unlike the 

slipping case and the eddies are existing near 

the boundaries and the countors are uniform 

near the core of the tube. 

 

Nomenclature 

𝑧 .The streamwise flow direction 

𝑟 The radial direction orthogonal to flow 

direction. 

𝑅 .The tube mean radius 

η  .The vertical wall displacement 

𝑐  .The peristaltic wave speed 

p  .The nanofluid pressure 

𝑇  .The nanofluid  Temperature 

To  .The reference temperature 

ρnf  .The nanofluid density 

μnf The nanofluid effective dynamic 

viscosity. 

αnf The nanofluid effective thermal 

diffusivity. 

ρs The density of the gold nanoparticles. 

ρf The density of the base fluid. 

μf The base fluid effective dynamic 

viscosity. 

ks The gold nanoparticles thermal 

conductivity. 

knf The nanofluid  effective thermal 

conductivity 

ϕ .The volume fraction coefficient 

m The gold nanoparticles shape factor. 

(ρCp)s The gold nanoparticles heat capacitance.  

(ρCp)f The base fluid heat capacitance.  

(ρCp)nf .The nanofluid heat capacitance 

Cpnf The nanofluid specific heat at constant 

pressure. 

α .The volume expansion coefficient 

Qo  .The Heat Source 

t  .The time 

g   .The gravity 

a  .The wave amplitude 

 λ  .The wavelength 

Gr  .Grashof number 

β  .Heat source coefficient 

ε  .The amplitude ratio 

δ  .The sinusoidal wave number 

θ .The dimensionless temperature 

Re  .Reynolds number 

A The mean free path of the base fluid. 

Kn .The slipping Knudsen number 
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