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 معلومات البحث

 0405 الاولتشرين  تأريخ النشر:

 

Abstract 

 This study examines forced convection over smooth surfaces and horizontally arranged 

circular tubes, addressing various challenges. The primary aim is to analyze the heat 

transfer coefficient under specific forced convection conditions. Circular pipe test 

sections, each with an internal and external diameter of 0.009 meters and a total length 

of one meter, were used for evaluation. The working fluid, R113, entered at 25°C, with 

mass flow rates between 10 and 17.5 grams per second and heat inputs ranging from 25 

to 100 watts. Reynolds numbers at the inlet and outlet varied within the ranges of 

2115.80–2187.21, 2645.30–2789.30, 3174.79–3391.99, and 3704.28–3995.04. The 

research focused on the progression of transition and turbulent flow regions during all 

heat tests, tracking the expansion of laminar zones. An iterative prediction approach in 

Excel applied over 5,180 heat transfer corrections to determine the boundaries of these 

flow regions.            
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 نحاسي المضطربة وانخفاض الضغط في أنبوبإلى التدفقات النامية  منالتقييم والتخمين الانتقال أحادي الطور  

   حرارة باستخدام النظرية التكراريةللل ناقأفقي 

 م. رائد شاكر
1 

 

 المستخلص

تدددره هددلد الدراسددة الحرددي الحددراري اللأسددري ملددء ااسددبي الرلسدداة واارابيددف الدا ريددة الررت ددة   لأي ددا، م برقددة   لددء 

تحددديام م نةمددةه الهدددي الر يسددي هددة تحليددي معامددي ار لأددال الحددرارر  ددي رددي رددروي  رددي  ددراري قسددري محددد ره 

م ر وطةل  جرالي م ر وا دد، لل لأيديمه  440ه4ي اس خُدمت ملأاطع اخ  ار  رابيف  ا رية، قبر كي منها  اخلي وخارج

غدرا   5ه.1و 14 رجة مئةية، برعدلام تدد   ك لدة ت دراوي بدين  05، مند  رجة  رارر R113 خي سا ي ال شغيي، 

واطه تراو ددت  رقددا  رينةلدددز منددد الردددخي والرخددر  بددين  144و 05 ددي الناريددة، ومدددخرم  راريددة ت ددراوي بددين 

ه ركدددددددددددددددد  40ه5005و 01ه5.40، و00ه5501و 0.ه51.0، و54ه0.10و 54ه0105، و01ه.011و 14ه0115

ال حددع ملددء تبددةر مندداط  ال ددد   الار لأددالي والرعددبرب خددرل جريددع اخ  ددارام الحددرارر، مددع ت  ددع تةسددع الرندداط  

ا لار لأدال الحدرارر باسد خدا  رهدن ال ن در ال فدراري  دي برردامن  كسدي  5114الصفا حيةه وقد طُ لأدت  كندر مدن  تصدحيح 

 ل حديد  دو  مناط  ال د   هلده

 

 رب، ارخفاض العغط، طريلأة تفراريةمر لة وا در، تد   ار لأالي، تد   معب الكلمات المفتاحية:

 

Introduction 

Flow inside a tube can be classified into 

developing transitional and developing turbulent 

states, where two distinct convection mechanisms 

occur. It is vital to differentiate among forced also 

mixed convection, as the Rеynolds number plays a 

significant role in various scenarios. In turbulent 

 

tube flow, mixed convection results from 

buoyancy-induced radial density variations, 

leading to the simultaneous presence of both 

convection types. Understanding these distinctions 

is particularly important when the Reynolds 

number is a key factor and boundary conditions 
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involve a constant heat flux. While Alsayah, 

Ahmed Mohsen et al.[1], [2] analysed a heat pipe 

heat exchanger, developing an advanced numerical 

iterative method with predictive software to assess 

heat transmission characteristics in forced 

convection and liquid dynamics. B. K. Dutta, [3] 

and Holman [4],had used many heat transfer 

correlations that we have been developed them. 

Shakir. et al.[5–18] have extensively studied heat 

sinks, providing essential analytical and numerical 

insights for different configurations, including flat 

channels, pin-fin channels, and micro-channels. 

This study primarily focuses on predictive 

modelling, using heat transfer equations to 

replicate theoretical conditions resembling 

laboratory environments. Additionally, S. R. 

Nashee [19–21] investigated heat and mass 

transfer properties. This research employs 

predictive analysis and heat transmission equations 

to model theoretical conditions that reflect real 

laboratory experiments. It aims to establish an 

advanced numerical iterative framework by 

integrating prediction software with Excel and 

incorporating over 5,180 heat transfer correlations 

to evaluate heat transfer and fluid flow behaviour 

in forced convection. As depicted in Figure 2, heat 

transmission primarily takes place at the interface 

among solid surfaces besides air, allowing for the 

examination of boundary wall effects in both 

perpendicular and parallel orientations to airflow 

while considering thermal conductivity. 

The Rig 

If a flow loop is established for developing the 

new technology illustrated in Figure.2, the process 

flow is represented schematically. Prior to each 

test, the R113 fluid undergoes degassing through 

intensive heating for approximately 3.5 hours to 

eliminate dissolved gases, which are then vented 

into the atmosphere. To facilitate this, the vent 

valve at the top of the preheater is periodically 

opened, allowing gas to escape. Following 

degassing, a pressure test is performed to confirm 

the absence of gas or air bubbles in the fluid before 

initiating single-phase tests. The primary line 

regulates the required mass flow rate, starting with 

a coarse filter to remove larger debris. As the 

process advances, finer filters enhance 

purification. During testing, the R113 mass flow 

rate and inlet temperature (Tin) are adjusted for 

optimization, with the coarse filter trapping larger 

particles. A flow meter measures the mass flow 

rate (mT) before the fluid moves through a bypass 

valve and a control valve, eventually entering a 

horizontal heat tube. The controller modifies the 

applied heat based on the observed flow rate, 

ensuring precise thermal regulation as the R113 

circulates through the system. The preheater 

maintains the required inlet temperature (Tin) for 

the copper housing of the horizontal heat tube. 

Integrated with the system controller, the preheater 

enables synchronized heater adjustments to sustain 

the necessary heat input. This process continues 

until the R113 fluid reaches a steady-state 

condition, typically requiring 2 to 3.5 hours. 

Stabilizing both the outlet temperature (Tout-th) 

and the housing wall temperature (Tw) is essential, 

with equilibrium generally achieved within 38 to 

53 minutes. During single-phase testing, an 

iterative approach is used to keep system pressure 

aligned with ambient pressure by adjusting the 

heat rate accordingly. The testing phase concludes 

once all predefined procedures have been 

completed successfully.as shown in Figure (1) and 

Figure (2).  
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Figure (1): The square cells of pipe 

 

 

Figure (2): The Flow Loop 

 

Math and procedure 

It appears that the Guess software utilized 

approximately two thousand heat transfer 

equations, which were later processed using Excel 

through iterative methods. As indicated in 

Figure.1 the construction suggests that heat 

transmission occurs exclusively аt the interface 

among the solid surfaces besides the R113 fluid. 

The arrangement of the two-dimensional array 

mainly influences the wall path, while the one-

dimensional array is oriented perpendicular to the 

R113 flow. Additionally, the two-dimensional 

array runs parallel to the R113 flow. The procedure 

outlined in Figures.1 must be followed to 

accurately measure thermal conductivity. [4], [6]. 

      ⁄         ⁄                                       

Heat transfer calculations were performed using 

equation (3), which relied on the temperature (T) 

measured along the copper wall and in the y-

direction, perpendicular to the R113 flow axis. 

This process added complexity to distributing the 
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formula across the square area of the cell's zone (0.01 mm). 

        (             )      (             
)   (       )⁄                                               

 

The temperatures of the liquid, denoted as (  ), at 

any given axial location., [4], 

                ⁄                                        

 
To determine area of flow, [3], 

      
  ⁄                                                           

 
The hydraulic diameter can be calculated,  [3], 

       ⁄                                                         𝟓  

 
To compute the fluid of mean velocity by, [3], 

𝐔𝐓  𝐦𝐓 𝛒𝐓 𝐀𝐓⁄                                                   𝟔  

 
To get   (𝑅𝑒𝑇)   can be seen in, [3], 

𝑹𝒆  𝝆  𝑼   𝝁 ⁄                                                𝟕   

 
To find the (  𝑇 ) by, [3], 

 𝒓   𝒑 𝝁 𝑲 ⁄                                                    𝟖   

To get   the (  𝑇 )  by, [4], 

𝑺𝑺  𝑬𝑬𝒔𝒕𝑹𝒆 
  .  𝟓 𝒓 

  .𝟓                             𝟗  

To get   the (  𝑇)   by, [4], 

𝑬𝑬  − .   𝟓 𝒆𝒙𝒑(  .   𝟓  𝐥𝐧 𝒓  
 )                

 

To get   the (  𝑇)   by, [22], 

𝑵𝒖   .     𝑹𝒆 
 .𝟖 𝒓 

 .                                   

 

To obtain   the ( 𝑇)   by, [4], 

𝜶  𝝆  𝒖   𝒑 𝑺𝒔                                                  

 

To get of fraction factor through,2000 < 𝑅𝑒𝑇<4000 

, [4],  

𝑭𝑭   .    𝟓  ( .  𝟔 𝑹𝒆 
 .  ⁄ )                      

 

To get of fraction factor through, 𝑅𝑒𝑇> 4000 , [4], 

𝑭𝑭    . 𝟔 𝐥𝐨𝐠   𝑹𝒆  𝟕⁄                                  

 

To obtain of (pressure drop) through, [4], 

∆𝒑   ∗ 𝑭𝑭 ∗   ∗ 𝝆 ∗ 𝑼 
   ⁄                     𝟓  

 

Results 

These Figure (3) represent the difference of the 

heat transmission coefficient (h) with respect to 

wall temperature (Tw) or distance from the inlet, 

under different mass flow rates. Each graph uses 

polynomial regression to predict the trend of the 

data points. General Trend in all four subplots (a, 

b, c, and d), the heat transfer coefficient increases 

with wall temperature. The relationship is modeled 

using a polynomial equation, and the fitted curves 

exhibit a strong correlation with the data 

(R2≈0.999), indicating high accuracy of the 

polynomial fit. Effect of Mass Flow Rate: Each 

plot corresponds to a different mass flow rate :( a) 

0.01 kg/sec, (b) 0.0125 kg/sec. (c) 0.015 kg/sec, 

(d) 0.0175 kg/sec. As the mass flow rate increases, 

the heat transfer coefficient also increases for the 

same wall temperature range. This suggests 

enhanced convective heat transfer at higher flow 

rates due to increased fluid velocity and 

turbulence. Polynomial Equations: Each subplot 

contains a polynomial regression equation of the 

form, (h=aTw
2
+bTw+c).The coefficients (a, b, c) 

vary for each mass flow rate, demonstrating that 

the relationship between (h) and (Tw) is different 

depending on the flow rate. Practical Implications. 
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Higher mass flow rates result in improved heat 

transfer, which is crucial for applications like 

cooling systems, heat exchangers, and thermal 

management in engineering devices. The 

polynomial fits can be used for predictive 

modeling in heat transfer analysis. as shown in 

Figure (3). 

 

 

Figure (3): Heat transfer coefficient VS wall temperature 

 

This Figure.4 presents four subplots showing the 

variation of fluid temperature along the tube's 

location at different mass flow rates. Each graph 

plots fluid temperature (°C) on the y-axis against 

distance from the plate or tube inlet (mm) on the x-

axis. The data points represent predictions, and an 

exponential trend line is fitted to the data. Key 

observations: Subplot (a): Mass flow rate: 0.01 

kg/sec, exponential trend equation: 

y=25.022e0.0002x, R² = 0.9998, indicating an 

excellent fit. Subplot (b): Mass flow rate: 0.0125 

kg/sec, exponential trend equation: 

y=25.054e0.0003x, R² = 0.9996, also showing a 

very strong correlation. Subplot (c): Mass flow 

rate: 0.015 kg/sec, exponential trend equation: 

y=25.082e0.0004x, R² = 0.9993, again 

demonstrating an excellent fit. Subplot (d): Mass 

flow rate: 0.0175 kg/sec, exponential trend 

equation: y=25.105e0.0004x, R² = 0.9991, 

showing a very good match. Interpretation: The 

fluid temperature increases as it moves along the 

tube. The exponential equations indicate a very 

slow rise in temperature with distance. The rate of 

temperature increase appears slightly higher at 

higher flow rates. The R² values close to 1.0 

indicate that the exponential model provides an 

excellent fit to the predicted dataه as shown in 

Figure (4). 
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Figure (4): Fluid temperature VS location at different mass flow rates 

 

The Figure (5) Appears to depict the variation of 

wall temperature as a purpose of the Reynolds 

number (Re) for different mass flow rates. The 

Reynolds numbеr, а dimensionless parameter on 

liquid mechanics, predicts flow patterns across 

various liquid flow scenarios. The wall 

temperature is plotted against Re for four different 

mass flow rates: 0.01 kg/sec, 0.0125 kg/sеc, 0.015 

kg/sеc, and 0.0175 kg/screech subplot (a, b, c, d) 

corresponds to a different mass flow rate and 

shows how the wall temperature changes with Re. 

The data points are fitted with polynomial 

equations (labeled as Prediction and Poly. 

(Prediction)) .To model the relationship between 

wall temperature and Re. The equations provided 

are polynomial fits of varying degrees, and the R² 

value of 1 indicates a perfect fit to the data points, 

which is unusual and might suggest overfitting or 

an error in the data or model. The wall temperature 

generally decreases as the Reynolds number 

increases, which could be indicative of enhanced 

cooling or heat transfer at higher flow rates. The 

specific trends and the degree of the polynomial 

fits suggest that the relationship between wall 

temperature and Re is complex and may involve 

multiple factors influencing heat transfer. as shown 

in Figure (5). 
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Figure (5): Wall temperature VS Re  

 

The Figure (6) Appears to depict the variation of 

wall temperature along the length of a tube for 

different mass flow rates. Here's a breakdown of 

the components: Wall Temperature (°C): This is 

the temperature of the tube's wall, measured at 

various points along the tube's length. Distance 

from Tube Inlet (mm): This represents the position 

along the tube, starting from the inlet (0 mm) up to 

600 mm. Mass Flow Rate: Different mass flow 

rates are considered, specifically 0.0125 kg/sеc, 

0.015 kg/sеc, 0.01 kg/sеc, and 0.0175 kg/sеc. Each 

mass flow rate has a corresponding graph showing 

how the wall temperature changes along the tube. 

These equations are of the form 

V=ax6+bx5+cx4+dx3+ex2+fx+g, where V is the 

wall temperature and x is the distance from the 

tube inlet. The R2=1 indicates a perfect fit of the 

polynomial to the data. Subplots: Subplot b: 

Shows the wall temperature variation fоr a mass 

flow rate оf 0.0125 kg/sеc. Subplot c: Shows the 

wall temperature variation fоr a mass flow rate оf 

0.015 kg/sеc. Subplot c (second instance): Shows 

the wall temperature variation fоr a mass flow rate 

оf 0.01 kg/sеc. Subplot d: Shows the wall 

temperature variation for a mass flow rate of 

0.0175 kg/sеc. Each graph illustrates how the wall 

temperature changes as you move along the tube, 

with the temperature generally decreasing as the 

distance from the inlet increases. The polynomial 

equations provide a mathematical model to predict 

the wall temperature at any point along the tube for 

the given mass flow rates. as shown in Figure (6). 
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Figure (6): Wall temperature VS distance from tube inlet 

 

The Figure (7) Presents the variation in fluid 

temperature along the length of a tube for different 

mass flow rates: 0.01 kg/sеc, 0.0125 kg/sеc, 0.015 

kg/sеc, and 0.0175 kg/sеc. Each graph 

demonstrates how the fluid temperature changes as 

the distance from the tube inlet increases. 

Polynomial equations are provided for some 

scenarios to model the relationship between the 

distance and fluid temperature, with an R2=1 

indicating a perfect fit. Key observations: Fluid 

Temperature: Changes as the distance from the 

tube inlet increases, with specific trends for each 

mass flow rate. as shown in Figure (7). 

Figure (7): Liquid temperature against distance from pipe inlet 
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Conclusions 

Figure.3 illustrates a strong positive correlation 

between mass flow rate and heat transfer 

coefficient. The polynomial equations serve as 

reliable models for predicting heat transfer 

performance under varying conditions, making this 

information valuable for engineers designing 

thermal systems where convective heat transfer is 

crucial. 

Figure.4 depicts how fluid temperature varies 

along the tube at different mass flow rates. The 

results show that the temperature gradually 

increases with distance from the inlet, following an 

exponential trend with a minimal growth 

coefficient. Key observations include: 

 Higher mass flow rates result in slightly 

elevated initial temperatures and a marginally 

steeper temperature rise. 

 The overall temperature increase remains low, 

indicating efficient heat transfer 

characteristics. 

 The exponential model provides an excellent fit 

for the predicted temperature data, with R² 

values exceeding 0.999, confirming the 

accuracy of the predictions. 

Overall, the figure suggests that while mass 

flow rate influences temperature distribution, 

the increase in temperature follows a 

consistent exponential trend. 

Figure .5 illustrates the relationship between wall 

temperature and Reynolds number for various 

mass flow rates, with polynomial fits modeling 

these trends. The findings suggest that higher 

Reynolds numbers correspond to lower wall 

temperatures, likely due to enhanced heat transfer 

at increased flow rates. 

Figure.6 presents the variation in wall temperature 

along the tube length fоr mass flow rates оf 0.0125 

kg/sec, 0.015 kg/sec, 0.01 kg/sec, and 0.0175 

kg/sec. The graphs depict how wall temperature 

changes with increasing distance from the inlet, 

extending up to 500 mm. Key observations 

include: 

 Wall temperature generally decreases as the 

distance from the inlet increases. 

 Different mass flow rates produce distinct 

temperature profiles along the tube. 

 Polynomial models predict wall temperature at 

any point along the tube, with R² = 1 

indicating a perfect fit. 

 This data provides valuable insights into 

thermal behavior under different flow 

conditions, which is essential for heat transfer 

and fluid dynamics applications. 

Figure.7 highlights key trends in fluid temperature 

variations along the tube for different mass flow 

rates. Observations in results section: 
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