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1.Introduction 
Heat transfer is one of the most important processes 

that can have very large applications in human life. It 

can range from conversion, exploitation, and 

utilization of recovered thermal energy in large 

industrial applications, domestic and commercial 

applications. In large industrial applications, it is 

important to add and subtract the heat with the high 

efficiency. There are several methods of heat transfer; 

one of the most important is forced convection heat 

transfer. Among the common applications in our 

daily life is heat transfer in pharmacy, the process of 

condensing steam in electric power plants as well as 

its use in agricultural products. The goal of all these 

applications is to increase the process of heat transfer 

by forced convection [1].  

 

 

 

 
*Author for correspondence 

The improvement of heat transfer is essential to 

enhance the performance of various heat transfer 

systems. Improving the thermal performance of 

devices such as solar fluids heaters and heat 

exchangers used in many industrial applications leads 

to savings in thermal energy and materials used. 

 

The above systems and their performance are relvent 

to the power and energy industry [2−5], thermal 

management [6−8], packaging of electronics and 

electronic components [9−11], aerospace 

technologies [12, 13], and engines [14, 15], and new 

construction techniques [16, 17]. The researchers 

using various methods  to enhance the heat transfer 

processes, including the addition of materials to the 

liquid-like nanomaterial [18−21], wire mesh coils and 

twisted tapes insertion [22−24], and the use of 

corrugated finned and spirally corrugated tubes [25, 

26]. People have turned their attention to the sun in 

an effort to find alternative sources of viable energy. 

On the other hand, the thermal performance of the 
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circular ribs (60°, 90° and 120°) were studied experimentally and numerically. The circular pipe was made from stainless 

steel of 500 mm length and 49 mm inner diameter. The circular ribs of 20 mm diameter were arranged one against the 
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solar heater is poor due to the low rate of heat 

transfer from the absorption plate to the working 

fluid. It has been suggested that the sun might be a 

possible source of alternative energy in an endeavor 

to develop alternative sources of viable energy. Due 

to the low rate of heat transfer from the absorption 

plate to the working fluid, the thermal performance of 

a solar heater is suboptimal [27].   

 

Many methods that employed to enhance the heat 

transfer rate by convection, especially in the engine 

of gas turbine lanes used to cool the turbine blades. 

These methods uses fins, ribs, baffles,  jet impact 

cooling, drooping surfaces, roughness of the surface, 

burr surfaces and the other types of the turbulence 

triggers. All the methods aim to increase the 

characteristics of fluid flow, heat transfer coefficient 

and significantly reduce pressure losses. From these 

data, the appropriate design for such tasks is 

determined. Ribs on the duct walls have been used to 

enhance the rates of heat transfer in ducts. Roughness 

from the presence of continuous or gapped ribs has 

the ability to break up the boundary layer at the heat 

transfer surface, and this causes a reduction in 

thermal resistance while also boosting heat 

transferred by causing turbulence in a laminar flow. 

When dealing with turbulent flow, the ribs can 

enhance the turbulence intensity even more, and this 

causes to increase the coefficient of heat transfer even 

more. Furthermore, the rate of heat transfer is raised 

as a result of the larger heat transfer area created by 

the mounted ribs, which increases the rate of heat 

transmission [28]. Furthermore, the rate of heat 

transfer is raised as a result of the larger heat transfer 

area created by the mounted ribs, which increases the 

rate of heat transmission [28].  

 

The rest of the paper is organized as follows. 

Literature review was discussed in section 2. Section 

3 covers the method. Results and discussion were 

investigated in section 4. Conclusion is in section 5. 

 

2.Literature review  
In order to improve heat transfer in these 

applications, a diversity of techniques based on 

focused on active and passive concepts have been 

suggested. This paper reviewed the roughness 

geometry used in the heat transfer applications and 

reported the roughness optimum geometry that was 

adapted. Rambhad et al. [29] mathematically and 

experimentally examined the heat transfer and fluid 

flow parameters in a circular pipe inserting vortex 

flow generator to improve the thermal performance 

of forced convective heat transfer. Aljibory et al. [30] 

investigated numerically and experimentally the 

characteristics of fluid flow and heat transfer in a 

circular pipe with various rib constructions at 

constant temperature and with varying Reynolds 

numbers. Pandey et al. [31] studied numerically the 

heat transfer and fluid flow characteristics in a 

circular tube using Y- shape baffles.  Kore et al. [32] 

conducted an experimental investigation on the 

properties of fluid flow and heat transfer in a 

rectangular duct employing three distinct forms of 

ribs; the square, house and boot shapes. The 

mechanisms of forced convective heat transfer in a 

circular pipe inserting of the twin coil was presented 

by Dang and Wang [33]. Rasool et al. [34] studied 

the effects of a binary chemical reaction, thermal 

radiation, and Soret- Dufour effects on the 

incompressible static flow of Darcy-Forchheimer 

nanofluids. Chanmak et al. [35] investigated 

experimentally the forced convective heat transfer 

characteristics in a circular pipe using porous wire 

mesh. Fadhil et al. [36] studied experimentally and 

numerically effect of the using semicircular ribs on 

two fluids flow (air and water) and the coefficient of 

heat transfer in the rectangular channel with varying 

of heat flux and velocities of the water and air. Al et 

al. [37] investigated experimentally and numerically 

the influence of the pitch spacing of the rib in a 

turbulent ribbed tube on the fluid flow rate and 

coefficient of the heat transfer. Golam [38] examined 

the rib forms effect on the characteristics of 

convective heat transfer in a square passage, and his 

findings were supported by experimental evidence. 

Round, triangular, and square ribs were among the 

rib shapes that were employed. It was investigated by 

Choi et al. [39] that utilizing a rib- dimpled channel, 

they could explore numerically the features of heat 

transfer and fluid flow. At constant Reynolds 

number, the effect of rib angle variation and the 

distance between the center of the rib and the rim of 

the dimple were investigated in detail. Nakhchi and 

Esfahani [40] conducted a numerical investigation 

into the increase of convective heat transfer in a 

circular pipe utilizing several rib shapes, including 

flat conical, right angle, and variations in the height, 

width, and pitch of the rib. Sadiq and Hamza [41] 

looked the effect of distance between the ribs on heat 

transfer inside a rectangular duct with constant and 

variable heat flow, as well as with and without Nano 

fluids. Wang et al. [42] examined numerically the 

enhancement of heat transfer in circular pipe using 

trapezoid ribs and smooth pipe at constant Reynolds 

number. Theeb and Mussa [43] conducted a 

numerical investigation of the effect of combining 

cross ribs with diagonal ribs on the fluid flow rate 
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and the heat transfer and characteristics of 

rectangular duct with a large proportion of incoming 

air. When the cross ribs were utilized, the rate of heat 

transfer was found to be increased, according to the 

findings of the study. Dhaidan and Abbas [44] 

investigated the numerical simulation of heat transfer 

enhancement and turbulence flow in corrugated pipes 

with varied rib shapes; rectangular ribs, semicircular 

ribs, and trapezoidal ribs were all investigated. 

Hashim [45] performed a numerical analysis of the 

effects of using fan-shaped ribs as a motor in a 

rectangular duct on the behaviors of heat transfer and 

pressure drop. Alwan et al. [46] studied numerically 

and experimentally the effect of Nano fluids flow 

with inserting of twisted tape on the heat transfer and 

fluid flow characteristics in a circular pipe. The effect 

of combining cross ribs with diagonal ribs on the 

fluid flow rate and the heat transfer and 

characteristics of rectangular duct with a large 

proportion of incoming air were presented by 

Alfarawi et al. [47]. Hammoodi et al. [48] 

investigated numerically the effect of inserting three 

types of ribs on the heat transfer performance and 

fluid flow characteristics.  

 

The present work presents an experimental and 

numerical case study of forced convective heat 

transfer inside a horizontal circular pipe with varying 

circular ribs angles to compare with smooth circular 

pipe. the numerical analysis using ANSYS FLUENT 

(18.2) program for three dimensional and steady state 

condition were compared to the experimental data to 

choose the best model to simulate the convective heat 

transfer and fluid flow in a horizontal circular pipe 

without and with varying angles circular ribs. The 

result provides the best ribs angle which can be 

selected in designing of the circular pipe as a 

simulation for blades of the gas turbine. 

 

3.Methods 

3.1Experimental apparatus and data reduction 

The experimental apparatus that was designed and 

constructed to investigate forced convective heat 

transfer within a horizontal circular pipe with and 

without the use of circular ribs at a constant pipe 

surface temperature is depicted schematically and 

photographically in Figures 1 and 2, respectively. 

The test section was consisted of blower unit, air 

velocity controller, wood box and two electrical 

heaters. The horizontal circular pipe was made from 

stainless steel with dimensions (600 mm length and 

49 mm inner diameter) that putted inside a 

rectangular wood box (500 mm length, 300 mm 

width and 300 mm high).The two electrical wire 

heaters (500 Watt) were installed on walls of the box. 

The air blower was connected directly with the test 

section. The air entered the horizontal circular pipe 

with change of the air velocity (5.5, 6, 6.5, 7 and 7.5) 

m/s. Five circular ribs were made from stainless steel 

(25 mm length and 20 mm diameter) as shown in 

Figure 3. The circular ribs were installed inside a 

circular pipe at different angles (60°, 90° and 120°) to 

select the best angle that provided a more turbulence 

effect to choose the suitable design of test present 

section. The temperatures of the rig were measured 

using 10 thermocouples (type K). Five thermocouples 

were inserted into the circular pipe center at different 

spacing (thermocouple for each 10 cm) to measure 

the air flow temperature. Three thermocouples were 

placed at the outer surface of the pipe and two 

thermocouples at the outer surface of the wood box to 

measure the heat loss. The calibration of 

thermocouples was carried out by subjecting each 

thermocouple to fixed point environments (distilled 

water boiling at 100 
o
C and ice point at 0 

o
C at 

atmospheric pressure). They also subject to the 

boiling point of acetone (56.1 
o
C).  

 

 
1-Blower 2- Air velocity Controller   3- Pipe 4- Nozzle  

5- Wood Box   6- Ribs   7- Air outlet   8-Heater 

(a)Parts of the device with ribs 

 
(b) Dimensions of the experimental apparatus (mm) 

Figure 1 Schematic diagram of the experimental 

device 

 

Representation of this line in a straight-line equation 

gives, Papulová et al. [49] (Equation 1); 

Ttrue(K type) = 0.56 + 0.979  (1) 

 

The air velocity controller was used to control the air 

velocity flow of the circular pipe. The heat loss was 
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recorded to about 4% during the total range of the 

heat transfer rate. 

 

 
Figure 2 Photograph of the experimental apparatus 

 

 
Figure 3 Photograph of installing circular ribs (90°) 

 
3.1.1Error analysis 

The experimental results accuracy can be affected by 

two factors   ; the measurements accuracy and device 

designing nature.  Interval of the uncertainty (w) in a 

result can be written by the following correlation, 

Delort et al. [50] (Equation 2): 

wR = [∑ (
  

   
   )

 
 
   ]

   

   (2) 

 

Where, R represents the result, e is an independent 

parameter and   is summation of independent 

parameters (Table 1). 

 

Table 1 presents the experimental errors which may 

be occurred in the independent parameters e. These 

errors are taken from the measuring devices as shown 

below 

Independent parameter 

(e) 

Uncertainty (w) 

Temperature  ± 0.1 ˚C 

Volume flow rate ± 0.03 m3/s 

Pipe diameter ± 0. 005 m 

Pipe length ± 0. 005 m 

3.1.2Data analysis 

Simplified steps are employed to analyze process of 

the heat transfer of the air flow rate in horizontal 

circular pipe without ribs and with varying ribs 

angles (60°, 90° and 120°) which are inserted in 

different distances of the circular pipe under 

conditions of constant pipe surface temperature and 

varying Reynolds numbers. 

 

     t r     t     r   ss    w r t        s    t   

horizontal circular pipe by applying the Equation 3: 

 ̇         (3) 

 

Where   represents the mean air density,   is the air 

velocity and A is cross section area of the circular 

pipe. Reynolds number    can be determined 

depending on the hydraulic diameter and inlet 

velocity of the fluid as shown in Equation 4: 

   
    

 
     (4) 

Where,     is the hydraulic diameter of a horizontal 

circular pipe and   is the dynamic viscosity of the air. 

 The convective heat transfer   to the air can be 

calculated from the following Equation 5: 

   ̇                (5)   

                                                                                                          

Where,      is the air specific heat,        is outlet air 

temperature, and        is temperature of the inlet air.  

 

Coefficient of the overall heat transfer   from pipe 

surface to air flow inside a circular pipe can be 

written as shown in Equation 6:, 

  
 

           
    (6) 

 

Where,    is the surface area of circular pipe,    is 

temperature of the surface pipe and      is a mean 

bulk temperature. 

 

Nusselt number    can be calculated from the 

following Equation 7, 

   
    

 
    (7) 

 

Where,   represents the thermal conductively of the 

air. 

 

3.2Numerical simulation 

The numerical simulation was presented to study 

effect of the circular ribs on characteristics of the heat 

transfer and compare to the smooth pipe. The 

geometry with varying angles circular ribs can be 

shown in Figure 4. The length of the circular pipe is 

500 mm and 49 mm inner diameter, the distance 

between ribs was 100 mm, the outer pipe surface was 
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kept with constant surface pipe temperature of 325 K. 

Three angles of circular ribs were studied with 

varying Reynolds numbers (12557, 13887, 15224, 

16568 and 17954). ANSYS FLUENT software 

package (version 18.2) was simulated to solve 

continuity, momentum, and energy equations. The 

numerical analysis is presented for three-

dimensional, steady state, turbulent flow and forced 

convection heat transfer. Air was used as an ideal gas 

as the working fluid. The governing equations 

described the air flow field in the fluid region. 

Continuity equation, Navier Stokes equation and 

energy equation can be written; 

 

Conservation of mass equation is shown in Equation 

8.  
  

  
      ⃗       (8)                                                                                                                                  

Conservation of momentum equation is shown in 

Equation 9. 
    ⃗⃗ 

  
      ⃗ ⃗            ̿  (9)                                                                                            

Conservation of energy equation is shown in 

Equation 10. 
     

  
   ( ⃗      )               ̿    ⃗  

     (10)                                                                              

Where; 

 ̿      ⃗    ⃗   
 

 
   ⃗    (11)                                                                                                              

    
 

 
 

  

 
     (12)                                                                                                                                 

 ,    Equ t    11 r pr s  ts t       t ty   tr x     μ 
is symbol to the dynamic viscosity. 

 

The model of RNG k- ϵ used two equations to find 

the first one for specific turbulent kinetic energy 

equation ( ) and the second for rate of the turbulent 

dissipation equation ( ) (Equation 13). 
     

  
 

 

   
       

 

   
(      

  

   
)        

       (13) 

 
     

  
 

 

   
       

 

   
(      

  

   
)     

 

 
    

          
 

 
               

  

 
    (14) 

 

Since the steady state is assumed, so the term  
 

  
  in 

the equations were neglected. All terms meanings 

that used in the RNG k- ϵ model were explained in 

the fluent documents [51]. 

 

Using the structure of the mesh and method of the 

finite volume to resolve incompressible 3-D Navier-

Stokes equations. Figure 5 shows the mesh that 

formed to model the circular pipe with and without 

using circular ribs. the model mesh was three 

dimensional with triangular meshes type. The number 

of nodes and elements were varied depending on the 

presence or absent the circular ribs.  With using 

circular ribs was 35819 nodes and 94999 elements 

while in the case of smooth pipe was 31985 nodes 

and 91880 elements. 

 

The boundary condition of the air inlet was included 

that the air inlet temperature of 300 K and the air 

velocities were varied in each case at (5.5, 6, 6.5, 7 

and 7.5) m/s. the boundary condition of the air outlet 

was considered as an atmospheric pressure outlet. 

The boundary condition of the circular ribs was 

considered as wall, surface of the circular pipe at 

constant temperature of 325K. The solution method 

that used in all cases was algorithm SIMPLE for 

velocity – pressure coupling. Upwind schemes for 

momentum, turbulence kinetic energy. A hexagonal 

grid has been used in the present work. In case 

presence ribs, the calculations were carried out with 

and without ribs. The elements are more near the ribs 

and near wall element spacing close to y
+ 

= 8 to 

calculate the experimental model. Convergence will 

occur when the Convergence Criterion for each 

variable was reached. When the residuals were 

satisfied to 10
-4

 and 10
-7

, then the solution was said to 

be converging. Figure 6 showed that all the scaled 

residuals were below 10
-4

 and 10
-7

. The parameters 

were considered to set the boundary conditions for 

the solution of the governing equations of the 

turbulent forced convection.  

 

 
Figure 4 Test section geometry with varying angles 

ribs 
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(a) Mesh generation with 60° ribs angles (3D)  

 

 
(b) Mesh generation without ribs (3D)  

Figure 5 Mesh generation of the used models 

 

 
Figure 6 Convergence history to solve discrete conservation equations (Re=17954) 
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4.Result and discussion 
4.1Analysis of numerical results 

Figures 7 and 8 show the numerical results for 

varying Reynolds numbers in a horizontal circular 

pipe with different angles of the ribs. Figure 6 shows 

the average outer air temperature versus Reynolds 

numbers with and without using ribs. 

 

 
Figure 7 Average outer air temperatures with and without ribs 

 

 
Figure 8 Average heat transfer coefficient air temperatures with and without ribs 

 

It's noted from the figures that average outer air 

temperature increase with increasing Reynolds 

numbers. Highest of air temperatures are recorded 

with angle rib 60° and lowest of air temperatures are 

recorded without using ribs. Figure7 shows the effect 

of varying Reynolds numbers on average of the heat 

transfer coefficient with and without using circular 

ribs. The result show that the average of heat transfer 

coefficient increases with increasing Reynolds 

numbers. Its recorded maximum values with the ribs 

at different angles and the highest values using ribs at 

angle 60° because the turbulent force is increased as 

increase of the air force resistance. 

The temperature distribution contours of smooth pipe 

and circular ribs with varying angles ribs (60°, 90° 

and 120°) at outer surface pipe temperature of 325 K, 

temperature of air inlet of 301 K and 17954 Reynolds 

number are shown in Figures 9 (a to d). In general, it 

is noted from the figures that the air coolant 

temperature is low at the beginning of the circular 

pipe and gradually increases to reach the maximum 

possible at the end of the circular pipe due to increase 

of the heat stored  along circular pipe. Also, it's 

shown that the air coolant temperature near the wall 

is more affected by the ribs especially at angle 60° 

because the ribs create a great resistance against the 
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passage of coolant air. Thus, the heat transfer is 

increased between the air flow and the hot pipe 

surface as a result of the increased air turbulence 

force. 

 
(a)Without ribs 

 
(b) 60° 

 
(c) 90° 

 
(d) 120° 

Figure 9 Air temperature distribution contours with 

and without circular ribs 

 

Figures 10 (a to d) present the velocity distribution 

contours of a smooth circular pipe and with varying 

angles ribs. It's shown from the Figure 10 (a) that the 

velocity of cooling air decreases at the central line of 

the air passage continuously throughout the pipe, 

while it is noted from the Figures 10 (b to d) that due 

to the contraction and expansion of the air flow over 

circular ribs, the air flow accelerates and slows down 

through the pipe passage.  

 

 
(a)Without ribs 

 

 
(b)60° 

 
(c)90° 

 
(d) 120° 

Figure 10 Air velocity distribution contours with and 

without circular ribs 

 

Figures 11 and 12 present a comparison between the 

air streamline without and with using ribs at angle 

60° respectively at Reynolds number of 17954. It can 

be clearly seen that the stream lines in the case of 

using ribs are more smoothly moving towards exit 

section and there is no circulations in all inclination 

angles, while the stream lines in the case using ribs 

are less smoothly moving towards the exit section. 

And this evidence that the turbulence force with 

using ribs is more than of smooth pipe and this gives 

more enhancements in the heat transfer towards the 

exit section. 
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Figure 11 Velocity streamline in circular pipe 

without ribs 

 

 
Figure 12 Velocity streamline in circular pipe with 

angle ribs of 60° 

 

4.2 Analysis of experimental results 

A series of experiments is performed under constant 

pipe surface temperature of 325 K and varying 

Reynolds numbers from 12557 to 17954. The 

temperature distribution along the horizontal circular 

pipe is measured. The effect of change of air 

temperature and Reynolds numbers on local and 

mean heat transfer coefficient are analyzed and 

discussed. The general correlations of Nusselt 

number average as a function of Reynold numbers is 

presented to consider the behavior of heat transfer 

and rate of fluid flow in circular pipe with and 

without circular ribs. 

 

The air temperature variation in a horizontal circular 

pipe without and with varying angles ribs are plotted 

in Figures 13 and 14. The figures show the 

experimenter air temperature distribution along 

circular pipe at lowest and highest Reynolds number 

of 12557 and 17954 respectively. In general, it is 

noted from the figures that the air temperature 

increases from the pipe entrance and attains to a 

maximum value at end of the pipe. 

 

 

 

The rate of surface temperature increases linearly 

proportional to the pipe distance. 

 

 
Figure 13 Air temperatures distribution along 

circular pipe (Re=12557) 

 

 
Figure 14 Air temperatures distribution along 

circular pipe (Re=17954) 

 

Figure 15 shows the air temperature difference 

between inlet and outlet fluid temperature versus 

varying Reynolds number without and with varying 

ribs angles (60°, 90° and 120°). It's shown that the 

temperature difference is decreased with increasing 

Reynolds numbers. The maximum temperature 

difference is recorded at angle of 60° due to the ribs 

in this angle creates a high resistance versus the fluid 

flow causing to increase of the turbulence force 

inside the circular pipe.  
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Figure 15 Air temperatures difference with and 

without varying angles ribs 

 

The influence of Reynolds numbers variation on 

average heat transfer coefficient with varying ribs 

angles are presented in Figure16.  The local heat 

transfer coefficient is increased with increasing 

Reynolds numbers to reach to a maximum value at 

Reynolds number of 17954 and angle ribs of 60° due 

to due to increasing in difference of the air 

temperature between surface pipes and mean of the 

air temperature as a result of increase of the thermal 

boundary layer thickness. 

 

 Figure 17 presents variation of the average Nusselt 

number with varying Reynolds numbers values. The 

figure demonstrates that increasing Reynolds 

numbers are raised the average of Nusselt number. In 

general, each process of the heat transfer with using 

circular ribs is appeared more  effectiveness 

compared to smooth circular pipe because in the case 

of  presence ribs is more transport of the heat as a 

result of increasing thermal boundary layer thickness 

that caused to increase turbulence force of fluid flow 

inside a circular pipe. 

 

 
Figure 16 Average heat transfer coefficient with and 

without ribs 

 

 
Figure 17 Average Nusselt number with and without 

ribs 

 

4.3Comparison experimental and numerical 

results 

The characteristics of heat transfer and fluid flow in 

horizontal circular pipe with and without using 

circular ribs at different angles are measured. Figures 

18 and 19 show the comparison between 

experimental data and numerical simulations with 

varying Reynolds numbers. The average outer air 

temperatures with smooth pipe are shown in Figure 

18. Results of the numerical simulation give a good 

agreement to the experimental data. The variations of 

average Nusselt numbers with varying Reynolds 

number are shown in Figure 19. The figure shows a 

clear convergence between the numerical results and 

the experimental data to a large extent. It is also 

noted from the figure that average Nusselt number 

for the experimental data are less than numerical 

results about 12.5%. 

 

 
Figure 18 Average outer air temperatures without 

ribs 
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Figure 19 Average Nusselt number without ribs 

 

 Figures 20 and 21 show the comparison between 

experimental results and numerical simulations for 

different Reynolds numbers with angle ribs 60°. 

Figure 20 shows the average outer air temperatures 

increases with increase of the Reynolds numbers. It's 

noted from Figure 21 that the average Nusselt 

numbers increases with increasing Reynolds 

numbers. The deviations between the experimental 

data and the numerical predictions are less than 14%. 

 

 
Figure 20 Average outer air temperatures with angle 

ribs of 60° 

 

Local Nusselt numbers for convective heat transfer in 

a horizontal circular pipe are calculated with and 

without using circular ribs by the following 

correlations, Lienhard and John [52] and Wang et al. 

[53].  

The local Nusselt number equation is shown by 

Equation 15. 
   

   
 

              
 

  
         

    

  √
 

  

           
 

  
  

  (15) 

 
Figure 21 Average Nusselt number with angle ribs of 

60° 

 

The average Nusselt number equation is shown by 

Equation 16. 

    
(
 

 
)    

  
   

  
     √      

 
    

   (16)      

  For Reynold numbers;                                                                        

                        
 

  

      

Also, the average Nusselt number equation is shown 

in Equation 17. 

    
(
 

 
)           

           √      
 
    

  (17) 

 

For Reynold numbers;    

                         
 

Where   is Darcy friction factor is shown in Equation 

18. 

                      (18) 

 

Figures 22 and 23 compare the experimental results 

with the results of a numerical simulation and the 

local Nusselt numbers correlations in a horizontal 

circular pipe with and without using circular ribs for 

Reynolds number 17954 respectively.  The figures 

show that the local Nusselt numbers is reduced along 

a circular pipe and numerical results give a good 

agreement with experimental results than to local 

Nusselt numbers correlations. The divergence 

between experimental results and numerical 

simulation are less than 8% without circular ribs, 

while by using circular ribs at angle 60° is given less 

than 12%. 

 

A complete list of abbreviations is shown in 

Appendix I. 
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Figure 22 Local nusselt number without ribs 

(Re=17954)° 

 

 
Figure 23 Local nusselt number with angle ribs of 

60° (Re=17954) 

 

5. Conclusion 
The presented experimental and numerical work 

investigated the effect of varying angles ribs on the 

characteristics of heat transfer and fluid flow in 

horizontal circular pipe. In general, the conclusions 

are shown that the thermal performance of circular 

pipe with varying angles ribs give better results 

compared to the smooth pipe, especially with angle 

rib of 60°. The average Nusselt number for 

experimental results are less than of numerical results 

about 11.5%. The local Nusselt number for 

experimental results and numerical simulation are 

diverged about 8% without ribs, while with angle rib 

of 60° is given to about 12%. The behavior of the 

experimental and numerical results gives a good 

agreement compared to the local Nusselt numbers 

correlations. The local and average of the heat 

transfer coefficient increases with increase of the 

Reynolds numbers. The circular horizontal pipe with 

angle rib of 60° gives a good evidence for the 

performance of thermal- hydraulic applications. 
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Appendix I 
S. No. Abbreviation  Description 

1 A Cross section area (m2) 

2 As Surface Area (m2) 

3 CP Specific heat at constant pressure (J/kg.K) 

4 Dh Hydraulic Diameter (m) 

5   Total energy (kJ) 

6 g Gravitational acceleration (m/s2)  

7 G Production of turbulent kinetic energy 

8 h Heat transfer coefficient (W/m2.K) 

9 I Identity matrix 

10 k Thermal conductivity (W/m.K) 

11 Nu Nusselt numbers 

12 p Pressure (Pa.) 

13 Pr Prandtl number 

14 Re Reynolds number   

15 t Time (s) 

16 T Temperature (°C)  

17 v Air velocity (m/s) 

18 i Inlet    

19 ave.         Average 

20 m Mean 

21 o Outlet 

22 s Surface 

23 x   Local Distance 

 

 

 


