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Fluid flow problems can be constructed using applied mathematical modeling and 

solved numerically using computational fluid dynamics (CFD). Nondimensional 

variables, stream functions, and similarity variables are used to simplify the 

governing equations from Newton's law, and thermodynamics law. These 
equations consist of continuity equations, momentum equations, and energy. 

Backward Euler method numerically solves the equations. The results show that 

the smaller the influence of the given Stuart number and Prandtl number, the fluid 

velocity and temperature will increase. Diamond nano fluid with water base fluid 

moves faster and experiences an increase in temperature faster than engine oil 
base fluid. this is due to the thermo-physical heat capacity of the water base fluid 

being greater than that of the engine oil. 
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INTRODUCTION 

The study of fluid flow is an application of the field of computational fluid dynamics (CDF). 

Solution of fluid flow through a numerical approach using CDF. Fluids are divided into two categories, 

namely hydrostatic fluids and dynamic fluids. Fluids that have motion and can be observed are called  

hydrodynamic fluids. Turkyilmazoglu has carried out the control of hydrodynamic fluids using a magnetic 

field called magnetohydrodynamics (MHD). The research is about MHD fluid flow induced by a 

nonlinearly deforming permeable surface with mixed convection shows strong magnetic fields, and both 

momentum and temperature layers are thinned (Turkyilmazoglu, 2018). Kumar observed numerical 

solutions to the movement of MHD Cason Fluid numerically using Runge-Kutta. It is observed that 

radiation, temperature-dependent thermal conductivity, and irregular heat parameters influence velocity 

and temperature (Anantha et al., 2020).  The Runge Kutta method is an explicitly numerical approach that 

has a maximum allowed limit in several time steps. The time step in these methods is generally quite small, 

especially for compressible flows (Hirsch, 2007). 

Nanofluids are fluids with nanoparticle content ranging from one to one hundred nanometers. As 

nanofluids develop, they have become an important research area in physics, mathematics, engineering, 

and materials science. The use of nanofluids to enhance thermal diffusive, thermally conductive, and 
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convective heat transfer has increasingly become common in industrial applications. Nanofluids can 

increase energy efficiency so this research is interesting to be developed further. Fluid flow containing 

Titania, Copper, and Alumina nanoparticles by micro-rotation through circular cylinders was carried out 

by (Abbas et al., 2018). The research used a numerical solution using the Runge-Kutta scheme. The results 

show the maximum heat transfer rate for Copper compared to Titania and Alumina (Abbas et al., 2018). 

Research about increasing the concentration of nanofluids can redu ce the maximum fluid velocity 

(Ghalandari et al., 2019). The heat rate in the nanofluid increases with the addition of the MHD parameter 

has been investigated (Nadeem et al., 2020a). Research on nanofluid flow under magnetic effects shows 

that fluid movement slows down with increasing magnetic variation (Norasia et al., 2021). By enhancing 

Brownian motion and thermophoresis parameters, the nanofluid flow through the two parallel disks 

increases significantly in terms of energy profiles (Alotaibi, 2022). The movement of fluids is affected by 

nondimensional parameters, which are crucial for analyzing fluid behavior. The Prandtl number is one of 

the nondimensional parameters used to observe the behavior of the diffusivity of momentum with 

temperature (Reddy et al., 2018). Particles interacting with each other produce momentum and heat energy 

through friction. The effect of the Prandtl number can affect the thermal characteristics of the fluid (Yu et 

al., 2020). Another nondimensional parameter is the Stuart number, which is a number that observes fluid 

behavior through electromagnetic and surface forces (Lee et al., 2005). Studies on the effects of 

electromagnetic forces on nanofluid flow show that they can lead to an increase in shear stress (Shahzad et 

al., 2022).  

 Referring to the results of previous research, nanofluids are interesting for further research. 

Diamond nano fluid is a fluid that can improve thermal performance. Research on the application of 

diamond nanofluid in heat pipes can extract heat flux so that diamond nanofluid can be used as a cooling 

device (Ma et al., 2006). Engine oil containing nanodiamond particles shows an increase in thermal 

conductivity and specific heat (Ghazvini et al., 2012). In comparison to other metal oxide nanoparticles, 

diamond nanofluid exhibits better thermal conductivity of 1000WmK (Aun et al., 2017). Diamond fluid  

flow characteristics such as velocity and temperature are interesting for future research. This study using 

diamond nanofluid which means a mixture of diamond nanoparticles and base fluid. Variations of the basic 

fluids used are water and engine oil.The existence of flow control using magnetic and thermal performance, 

this research involves the influence of Stuart number and Prandtl number. This study aims to examine the 

velocity and temperature of the diamond nanofluid by involving the Stuart number and Prandtl number that 

pass through cylindrical surface which is solved numerically using the Backward Euler method. This 

method is used to calculate a fairly high level of stability (Hirsch, 2007) (Freziger & Peric, 2002). It allows  

arbitrarily large time steps to be taken, which makes it useful for studying slow transient flows (Freziger & 

Peric, 2002). Not much has been done to apply the Backward Euler method to fluid flow models. Therefore, 

we are interested in applying the method to model the flow of diamond nanofluid pass through cylindrical 

surface. 

 

RESEARCH METHODS 

The purpose of this section is to describe the materials used for the research as well as the equipment 

used for the method. The steps to solve the problem are also explained . 

1. Mathematical modeling 
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In this step, the governing equations are used as a mathematical model of diamond nano fluid flow 

through cylindrical surface. The steps of model development are given as follows. 

a. A three-dimensional equation of continuity, momentum, and energy is formed by governing 

equations based on laws of physics.  

b. The obtained dimensional equations are converted into nondimensional equations by using 

nondimensional variables and nondimensional parameters. 

c. The obtained nondimensional equations are substituted using the thermo-physical variable of the 

diamond nano fluid. 

d. Simplification of the obtained nondimensional equations into one variable for ease of computation 

using flow functions and similarity variables. 

2. Numerical solution 

The numerical solution of the mathematical model of the diamond nano  fluid flow obtained is 

completed through the numerical approach of the Backward Euler method.The implicit schema 

approach uses the following steps. 

a. The similarity equation in momentum and energy is solved by implicit scheme. 

b. Identify the coefficients and constants of the tridiagonal matrix obtained. 

c. Applying Thomas's algorithm through forward elimination and backward substitution for solving 

the tridiagonal matrix. 

3. Results analysis and discussion 

On this step, an analysis of the results of the influence of related parameters, namely the Stuart number 

and Prandtl number, are carried out on the flow of diamond nano fluid passing through cylindrical 

surface. 

 

Mathematical Modeling 

The basic equations derived from the laws of physics  given as follows. Equation of continuity based 

on conservation of mass law (Chung, 2010) :
𝐷𝑀𝑓  

𝐷𝑡
= 0, Equation of momentum based on Newton’s second 

law (Sheikholeslami & Rokni, 2017): 𝜌𝑓
𝐷𝑽

𝐷𝑡
= −∇𝒑 + 𝜌𝑓 𝜐∇2𝑢 + ∑ 𝐹 , Equation of energy based on 

Thermodynamics law (Chung, 2010):𝜌𝑓
𝐷𝑒

𝐷𝑡
= 𝜌𝑓

𝜕𝑒

𝜕𝑡
+ 𝜌𝑓 𝑽. ∇𝒆. 

In this study, the dimensional governing equation in unsteady and incompressible according to the 

laws of physics conditions as follows: 

Equation of dimensional-continuity  

 𝜕𝑢

𝜕𝑥̅
+

 𝜕𝑣̅

𝜕𝑦
= 0,           (1) 

Equation of dimensional-momentum 

on the x-axis 

𝜌𝑓𝐷𝑁
(

𝜕𝑢

𝜕𝑡 ̅
+ 𝑢̅

𝜕𝑢

𝜕𝑥̅
+ 𝑣̅

𝜕𝑢

𝜕𝑦
) = −∇𝑝 + 𝜇𝑓𝐷𝑁

∇2𝐕 + (𝜌𝑓𝐷𝑁
− 𝜌∞ )𝑔𝑥̅ + 𝜎(B0

)2𝑢̅,    (2) 

on the y-axis 

𝜌𝑓𝐷𝑁
(

𝜕𝑣̅

𝜕𝑡 ̅
+ 𝑢̅

𝜕𝑣̅

𝜕𝑥̅
+ 𝑣̅

𝜕𝑣̅

𝜕𝑦
) = −∇𝑝 + 𝜇𝑓𝐷𝑁

∇2𝐕 + (𝜌𝑓𝐷𝑁
− 𝜌∞ )𝑔𝑦 + 𝜎(B0

)2𝑣̅,    (3) 

Equation of dimensional-energy 

(
𝜕𝑇̅

𝜕𝑡̅
+ 𝑢̅

𝜕𝑇̅

𝜕𝑥̅
+ 𝑣̅

𝜕𝑇̅

𝜕𝑦
) =  𝛼𝑓𝐷𝑁

(
𝜕2𝑇̅

𝜕𝑥̅2
+

𝜕2𝑇̅

𝜕𝑦2
).        (4) 



Telematika – Vol. 16, No. 1, February (2023) pp. 12-24  ISSN 2442-4528 (Online)  | ISSN 1979-925X (Print) 

 

15 http://dx.doi.org/10.35671/telematika.v16i1.2103 

 

the boundary condition given as follows. 

𝑢̅ = 𝑣̅ = 0, 𝑇̅ = 𝑇𝑤 ,when 𝑦 = 0 

  𝑢̅ = 𝑢̅𝑒  ,𝑇 = 𝑇∞ when 𝑦 → ∞.  

Dimensional equations (1)-(4) are converted into nondimensional equations by using nondimensional 

variables and nondimensional parameters as follows . 

Nondimensional variables  defined as follow (Azam et al., 2020). 

𝑥 =
𝑥̅

𝑎
 ; 𝑦 = (

𝑢∞𝑎

𝑣𝑓
)

1/2
𝑦

𝑎
 ; 𝑡 =

𝑈∞𝑡 ̅

𝑎
 ; 𝑢 =

𝑢

𝑈∞
 ; 𝑣 = (

𝑢∞𝑎

𝑣𝑓
)

1/2
𝑣̅

𝑈∞
 

𝑇 =
𝑇̅−𝑇 ∞ 

𝑇 𝑤−𝑇 ∞
 ;  𝑃 =

𝑃

𝜌𝑓𝐷𝑁 𝑈∞
2 ; 𝑢𝑒(𝑥) =

𝑢𝑒(𝑥)̅

𝑣∞
 

Nondimensional parameters  defined as follow (Korotaeva et al., 2020), (Amanulla et al., 2019). 

𝑆𝑡 =
σ𝐵0 𝑎  

𝑈∞𝜌
 and 𝑃𝑟 =

𝜈 

𝛼
 

then, we get 

Equation of nondimensional-continuity  

 𝜕𝑢

𝜕𝑥
+

 𝜕𝑣

𝜕𝑦
= 0,           (5) 

Equation of nondimensional-momentum 

on the x-axis 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

𝜕𝑝

𝜕𝑥
+

𝑣𝑓𝐷𝑁

𝑅𝑒 𝑣𝐵

∂2𝑢

∂𝑥2 +
𝑣𝑓𝐷𝑁

𝑣𝐵

∂2𝑢

∂𝑦2 + 𝑆𝑡 𝑢 + 𝜆𝑇𝑠𝑖𝑛 𝑥,     (6) 

on the y-axis 

1

𝑅𝑒
(

𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑥
+

𝑣𝑓𝐷𝑁

𝑣𝐵

1

𝑅𝑒2

∂2𝑣

∂𝑥2
+

𝑣𝑓𝐷𝑁

𝑣𝐵

1

𝑅𝑒  

∂2𝑣

∂𝑦2
+

𝑆𝑡

𝑅𝑒
𝑣 −

𝜆

𝑅𝑒0 .5
𝑇𝑐𝑜𝑠 𝑥,    (7) 

Nondimensional-energy equation 

𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=

1

𝑅𝑒

1

𝑃𝑟

𝛼𝑓𝐷𝑁

𝛼𝐵
 

𝜕2𝑇

𝜕𝑥2
+

1

𝑃𝑟

𝛼𝑓𝐷𝑁

𝛼𝐵
 

𝜕2𝑇

𝜕𝑦2
.       (8) 

Thermo-physical diamond nano fluid variables  are defined as follows  (Norasia et al., 2021) (Huda et al., 

2017). 

𝜌𝑓𝐷𝑁
= (1 − 𝜒)𝜌𝐵 + 𝜒𝜌𝐷 , 𝜇𝑓𝐷𝑁

=
𝜇𝐵 𝑒−𝛼𝑇

(1−𝜒 )2.5,  

(𝜌𝐶𝑝 )𝑓𝐷𝑁
= (1 − 𝜒)(𝜌𝐶𝑝 )𝐵 + 𝜒(𝜌𝐶𝑝 )𝐷 , 𝑘𝑓𝐷𝑁

= 𝑘𝐵 (
𝑘𝐷+2𝑘𝐵 −2𝜒(𝑘𝐷 −𝑘𝐵)

𝑘𝐷+2𝑘𝐵 +𝜒 (𝑘𝐷−𝑘𝐵 )
). 

by substituting the thermo-physical diamond nano fluid variables, then equations (5)-(8) become as follows. 

Nondimensional-continuity equation 

 𝜕𝑢

𝜕𝑥
+

 𝜕𝑣

𝜕𝑦
= 0,           (9) 

Equation of nondimensional-momentum 

on the x-axis 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= −

𝜕𝑃

𝜕𝑥
+ (

1

(1−𝜒)2.5

1

(1−𝜒)+𝜒(
𝜌𝐷
𝜌𝐵

)
)

∂2𝑢

∂𝑦2 + 𝑆𝑡 𝑢 + 𝜆𝑇𝑠𝑖𝑛 𝑥,    (10)  

on the y-axis 

𝜕𝑝

𝜕𝑦
= 0,            (11) 

Nondimensional-energy equation 
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(
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
) =

1

𝑃𝑟

𝑘𝐷 +2𝑘𝐵 −2𝜒(𝑘𝐷−𝑘𝐵 )

𝑘𝐷+2𝑘𝐵 +𝜒(𝑘𝐷−𝑘𝐵 )

1

(1−𝜒)+𝜒(
(𝜌𝐶𝑝)𝐷

(𝜌𝐶𝑝)𝐵
)

 
𝜕2𝑇

𝜕𝑦2.      (12) 

Then, the obtained nondimensional equation is simplified using the stream function and the similarity  

variables which are defined sequentially as follows  (Nadeem et al., 2022b). 

𝑢 =
𝜕𝜓

𝜕𝑦
 ; 𝑣 = −

𝜕𝜓

𝜕𝑥
; and 𝛹 = 𝑡

1

2 𝑢𝑒
(𝑥)𝑓(𝑥, 𝜂, 𝑡); 𝜂 =

𝑦

𝑡1/2 ; 𝑇 = 𝑠(𝑥, 𝜂, 𝑡) 

Equations (9)-(12) become as follows. 

Similarity-momentum equation 

𝑀
𝜕3𝑓

𝜕𝜂3 +
𝜂𝜕2𝑓

2𝜕𝜂2 + 𝑡
𝜕𝑢𝑒

𝜕𝑥
[1 − (

𝜕𝑓

𝜕𝜂
)

2

+ 𝑓
𝜕2𝑓

𝜕𝜂2 )] =  𝑡
𝜕2𝑓

𝜕𝜂𝜕𝑡
+ 𝑡𝑢𝑒 (

𝜕𝑓

𝜕𝜂

𝜕2𝑓

𝜕𝑥𝜕𝜂
−

𝜕𝑓

𝜕𝑥

𝜕2𝑓

𝜕𝜂2 − 𝑓
𝜕2𝑓

𝜕𝜂2
) + 𝑆𝑡 𝑡 (1 −

𝜕𝑓

𝜕𝜂
) −

𝜆𝑠𝑡

𝑢𝑒
sin 𝑥,           (13) 

Similarity-energy equation 

𝑁
𝜕2𝑠

𝜕𝜂2 + 𝑃𝑟
𝜂

2

𝜕𝑠

𝜕𝜂
+ 𝑃𝑟 𝑡

𝜕𝑢𝑒

𝜕𝑥
𝑓

𝜕𝑠

𝜕𝜂
= 𝑃𝑟 𝑡 [

𝜕𝑠

𝜕𝜂
+ 𝑢𝑒 (

𝜕𝑓

𝜕𝜂

𝜕𝑠

𝜕𝑥
−

𝜕𝑓

𝜕𝑥

𝜕𝑠

𝜕𝜂
− 𝑓

𝜕𝑠

𝜕𝜂
)] .    (14) 

with 𝑀 = [
1

(1−𝜒)2.5[(1−𝜒)+𝜒(
𝜌𝐷

𝜌𝐵
)]

] and 𝑁 = (
𝑘𝐷+2𝑘𝐵−2𝜒(𝑘𝐷−𝑘𝐵)

𝑘𝐷+2𝑘𝐵+𝜒(𝑘𝐷−𝑘𝐵)
𝑀) . 

the boundary condition given as follows. 

𝑓 =
𝜕𝑓

𝜕𝜂
= 0,𝑇 = 1 when 𝑦 = 0 

  
𝜕𝑓

𝜕𝑦
= 1 , 𝑇 = 0 when 𝑦 → ∞.  

the application of the Backward Euler method to Equation (13) is obtained. 

𝑀

∆𝜂2
(𝑢𝑖+1

𝑘+1 − 2𝑢𝑖
𝑘+1 + 𝑢𝑖−1

𝑘+1) +
𝜂𝑖

4
(

3𝑢𝑖+1
𝑘 +1−4𝑢𝑖

𝑘+1+𝑢𝑖−1
𝑘+1

∆𝜂 
) +

3

2
𝑡𝑘+1 (1 − (𝑢𝑖

𝑘+1)
2

+
𝑓𝑖

𝑘

∆𝜂  
(3𝑢𝑖+1

𝑘+1 − 4𝑢𝑖
𝑘+1 +

𝑢𝑖−1
𝑘+1)) =  

𝑡𝑘+1

2∆𝑡
(3𝑢𝑖

𝑘+1 − 4𝑢𝑖
𝑘+1 + 𝑢𝑖

𝑘+1) + 𝑆𝑡 𝑡𝑘+1(1 − 𝑢𝑖
𝑘+1) − 𝜆𝑠𝑖

𝑘 𝑡𝑘+1,  

The discretization of the momentum equation is given as follows. 

−(𝐶1
)∆𝑢𝑖−1

𝑘+1 + (𝐶2
)∆𝑢𝑖−1

𝑘+1 − (𝐶3
)∆𝑢𝑖−1

𝑘+1 = 𝐶𝑖,with 

𝐶𝑖 =
𝑀

∆𝜂2
(𝑢𝑖+1

𝑘+1 − 2𝑢𝑖
𝑘+1 + 𝑢𝑖−1

𝑘+1) +
𝜂𝑖

4
(

3𝑢𝑖+1
𝑘+1−4𝑢𝑖

𝑘+1+𝑢𝑖−1
𝑘+1

∆𝜂  
) +

3

2
𝑡𝑘+1 (1 − (𝑢𝑖

𝑘+1)
2

+
𝑓𝑖

𝑘

∆𝜂  
(3𝑢𝑖+1

𝑘+1 −

4𝑢𝑖
𝑘+1 + 𝑢𝑖−1

𝑘+1)) − 𝑆𝑡 𝑡𝑘+1(1 − 𝑢𝑖
𝑘+1) + 𝜆𝑠𝑖

𝑘 𝑡𝑘+1,then 

𝐶1 =
𝑀

∆𝜂2 +
𝜂𝑖

4

1

∆𝜂  +
3

2
𝑡𝑘+1 𝑓𝑖

𝑘

∆𝜂 , 

𝐶2 =
3

2

𝑡𝑘+1

∆𝑡
+ 2

𝑀

∆𝜂2 − 𝑆𝑡 𝑡𝑘+1 + 3𝑡𝑘+1𝑢𝑖
𝑘 +

𝜂𝑖

∆𝜂  + 6 𝑡𝑘+1 𝑓𝑖
𝑘

∆𝜂  , 

𝐶3 =
𝑀

∆𝜂2 +
3

4
𝜂𝑖

1

∆𝜂 +
9

2
𝑡𝑘+1 𝑓𝑖

𝑘

∆𝜂 . 

the application of the Backward Euler method to Equation (14) is obtained. 

𝑁

∆𝜂2
(𝑠𝑖+1

𝑘+1 − 2𝑠𝑖
𝑘+1 + 𝑠𝑖−1

𝑘+1) + 𝑃𝑟
𝜂𝑖

2
(

3𝑠𝑖+1
𝑘+1−4𝑠𝑖

𝑘+1+𝑠𝑖−1
𝑘 +1

∆𝜂  
) +

3

2
𝑃𝑟 𝑡𝑘+1 𝑓𝑖

𝑘

2∆𝜂  
(3𝑠𝑖+1

𝑘+1 − 4𝑠𝑖
𝑘+1 + 𝑠𝑖−1

𝑘+1) =

1

2
𝑃𝑟

𝑡𝑘+1 

∆𝑡
 (3𝑠𝑖+1

𝑘+1 − 4𝑠𝑖
𝑘+1 + 𝑠𝑖−1

𝑘+1), 

The discretization of the momentum equation is given as follows. 

−(𝐷1
)∆𝑠𝑖−1

𝑘+1 + (𝐷2
)∆𝑠𝑖−1

𝑘+1 − (𝐷3
)∆𝑠𝑖−1

𝑘+1 = 𝐷𝑖, with 
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𝐷𝑖 =
𝑁

∆𝜂2
(𝑠𝑖+1

𝑘+1 − 2𝑠𝑖
𝑘+1 + 𝑠𝑖−1

𝑘+1) +  𝑃𝑟
𝜂𝑖

2

1

∆𝜂  
(3𝑠𝑖+1

𝑘+1 − 4𝑠𝑖
𝑘+1 + 𝑠𝑖−1

𝑘+1) +  3𝑃𝑟 𝑡𝑘+1 𝑓𝑖
𝑘

2∆𝜂  
(3𝑠𝑖+1

𝑘+1 − 4𝑠𝑖
𝑘+1 +

𝑠𝑖−1
𝑘+1), then 

𝐷1 =
𝑁

∆𝜂2
+

𝜂𝑖

4

1

∆𝜂  
𝑃𝑟 +

3

2
𝑡𝑘+1 𝑓𝑖

𝑘

∆𝜂  
𝑃𝑟, 

𝐷2 =
3

2
𝑡𝑘+1 1

∆𝑡
𝑃𝑟 + 2

𝑁

∆𝜂2
+ 𝜂𝑖

1

∆𝜂  
𝑃𝑟 + 6 𝑡𝑘+1 𝑓𝑖

𝑘

∆𝜂  
𝑃𝑟 , 

𝐷3 =
𝑀

∆𝜂2
+

3

4
 𝜂𝑖

1

∆𝜂  
𝑃𝑟 +

9

2
𝑡𝑘+1 𝑓𝑖

𝑘

∆𝜂  
𝑃𝑟. 

 

RESULTS AND DISCUSSION 

The similarity equation obtained is solved using the numerical solution of the Backward Euler 

Method. The fluid used in this study is diamond nano fluid. Diamond nano fluid is a fluid with diamond 

nano particles and a base fluid. The base fluids used in this research are water and engine oil. The following 

is for the thermo-physical of diamond nanoparticles and the base fluid (Adnan et al., 2022). 

Table 1. Thermo-Physical of Diamond nano Fluid 

 

 

 

 

The velocity and temperature rate of the diamond nano fluid flow with the water base fluid are 

shown in Figure 1 and Figure 2. The base fluid used is water so for the input constant values for the Prandtl 

number, convection, and volume fraction respectively are 𝑃𝑟 = 13, 𝜆 = 1, 𝜒 = 0.1. Meanwhile, the input 

to the Stuart number is variance 𝑆𝑡 = 0,3, 10,15, 20. 

 
Figure 1. Variation of Stuart numbers on nano diamond-water fluid temperature 

Thermo-physical 𝜌(𝑘𝑔/𝑚3) 𝑐𝑝 (
𝐽

𝑘𝑔 𝐾
) k(

𝑊

𝑚𝐾
) 

Diamond 3100 516 1000 

Water 997.1 4179 0.613 

Engine oil 884 1910 0.144 
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Figure 2. Variation of Stuart numbers on diamond nano-water fluid velocity 

The Stuart number parameter ranges from 0 to 20, where the Stuart number starts from 0 and 

increases in variance up to 20. In the case of nano-diamond-water, 𝑆𝑡 = 0 means the Stuart number has not 

had any impact on the fluid. Figure 1 shows that the velocity of the diamond nano-water fluid decreases 

with the increase in the variation of the Stuart number. This is due to the influence of a magnet that causes 

a resistance force in the form of the Lorentz Force. The diamond nano-water fluid's velocity decreases as 

the Stuart number parameter increases. The existence of the Lorentz Force also causes a decrease in the 

fluid temperature as shown in Figure 2. 

 

Figure 3. Variation of Prandtl numbers on nano diamond-water fluid velocity 



Telematika – Vol. 16, No. 1, February (2023) pp. 12-24  ISSN 2442-4528 (Online)  | ISSN 1979-925X (Print) 

 

19 http://dx.doi.org/10.35671/telematika.v16i1.2103 

 

 

Figure 4. Variation of Prandtl numbers on nano diamond-water fluid temperature 

The velocity and temperature rate of the diamond nano-water fluid flow with Prandtl number 

variation are shown in Figure 3 and Figure 4. The input constant values for the Stuart number, convection, 

and volume fraction respectively are 𝑆𝑡 = 1, 𝜆 = 1, 𝜒 = 0.1. The range of Prandtl numbers in water-based 

fluids is 1.7 to 13.7 so that the variance of the Prandtl numbers used are 𝑃𝑟 = 1.7, 3, 5, 7,13.7. In Figure 3 

and Figure 4 it can be seen that the diamond nanoparticles with the highest Prandtl number experience a 

decrease in fluid velocity and temperature. Viscous effects are stronger with a higher Prandtl Number 

variance than with a higher thermal diffusivity. Consequently, a larger Prandtl number makes diamond-

water nanofluids less stable.  

 
Figure 5. Variation of Stuart numbers on nano 
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Figure 5. Variation of Stuart numbers on nano nano-engine oil fluid velocity 

 

Figure 6. Variation of Stuart numbers on diamond diamond-engine oil fluid temperature 

The velocity and temperature rate of the diamond nano fluid flow with the engine oil base fluid  

are shown in Figure 5 and Figure 6. The base fluid used is water so for the input constant values for the 

Prandtl number, convection, and volume fraction respectively are 𝑃𝑟 = 50,𝜆 = 1, 𝜒 = 0.1. Meanwhile, the 

input to the Stuart number is variance 𝑆𝑡 = 0, 3, 10, 15,20. In Figure 5, the fluid velocity of diamond nano-

engine oil decreases as the Stuart number parameter increases. The Lorentz force affects the engine oil base 

fluid and diamond nanoparticles, causing a reduction in velocity. Figure 6 shows that the fluid temperature 

also decreases as the Stuart number parameter increases. It occurs because of the relationship between  
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Stuart parameters and fluid internal energy. Temperatures of fluids decrease with grea ter internal energy 

use. 

 

Figure 7. Variation of Prandtl numbers on nano diamond-engine oil fluid velocity 

 

 Figure 8. Variation of Prandtl numbers on nano diamond-engine oil fluid velocity 

The velocity and temperature rate of the diamond nano-engine oil fluid flow with Prandtl number 

variation are shown in Figure 7 and Figure 8. The input constant values for the Stuart number, convection, 

and volume fraction respectively are 𝑆𝑡 = 1, 𝜆 = 1, 𝜒 = 0.1. The range of Prandtl numbers in water-based 

fluids is 50 to 70 so that the variance of the Prandtl numbers used are 𝑃𝑟 = 50,55, 60, 65, 70. Figure 7 

shows that the fluid flow velocity increases when the Prandtl number decreases. Since the Prandtl number 

increases directly with kinematic viscosity, fluid density increases along with the Prandtl number, so 

velocity decreases as the Prandtl number increases. Increasing the Prandtl number parameter causes the 

temperature to decrease because it is inversely related to thermal diffusivity. 
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Figure 9. Velocity rate of diamond nano-water fluid and diamond nano-engine oil fluid 

 

 Figure 10. Temperature rate of diamond nano-water fluid and diamond nano-engine oil fluid  

The velocity of the diamond nano-water fluid and the diamond nano-engine oil fluid are shown in 

Figure 9 and Figure 10. The input constant values for the Stuart number, Prandtl number, convection, and 

volume fraction respectively are 𝑆𝑡 = 1, 𝑃𝑟 = 2 𝜆 = 1, 𝜒 = 0.01. Figure 9 shows that the diamond nano-

water fluid is faster than the diamond nano-engine oil fluid. Then, Figure 10 shows that the diamond nano-

water fluid experiences an increase in temperature faster than the diamond nano-engine oil fluid. This 

happens because the heat capacity of the water base fluid (𝐶𝑝 = 4179) is greater than that of the engine oil 

(𝐶𝑝 = 1910). As the heat capacity increases, the temperature rises. Diamond particles in diamond nano-

water move faster when the fluid temperature rises. As a result, the fluid velocity in the diamond nano-

water fluid increases faster than in the diamond nano-engine oil fluid. 

 

CONCLUSIONS AND RECOMMENDATIONS 

A study the effect of the Stuart and Prandtl numbers on diamond nano fluid flowing through 

cylindrical surface has been observed. Mathematical modeling of diamond nanofluid flow is built from the 
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Continuity Equation, momentum equation, and energy equation. The solution is done through a numerical 

approach using the Backward Euler Method. The results show that the smaller the influence of the given 

Stuart number and Prandtl number, the fluid velocity and temperature will increase. Diamond nano fluid  

with water base fluid moves faster and experiences an increase in temperature faster than engine oil base 

fluid. this is due to the thermo-physical heat capacity of the water base fluid being greater than that of the 

engine oil. 
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