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ABSTRACT 

In this project, the flow distribution for air and water, and the enhancement of the heat 

transfer coefficient are experimentally studied. Experimental studies have been performed to 

test the influence of discharge, pitch, the height of ribs at a constant heat flux on the 

temperature and pressure distributions. Along the channel of the test and the heat transfer 

coefficient, the water volume flow rate was about (5-12 L/min), the air volume flow rate was 

about (5.83-16.66 L/min), and heat were (80, 100,120, watt). An experimental rig was 

constructed within the test whole system. On the other hands, the channel has a divergent 

section with an angle =15o with vertical axis. The study included changing in the ribs height 

by using three values (12, 15, 18 mm) and changing the ribs pitch into three values (5, 8, 10 

mm).The results indicated an increasing in the local heat transfer coefficient as a result of 

increasing the discharge. While there was an inverse influence for the temperature distribution 

along the test channel which drops when the discharge rise. The results also confirm that the 

increasing in the pitch distance leads to reduce the heat transfer coefficient. Increasing the 

ribs height increases the coefficient of heat transfer. However, the experiment heat transfer 

coefficient improves about (15.6 %) when the water volume flow rate increased from (5 to 12 

L/min), and about (18.7%) when the air volume flow rate increased from (5.83 to 16.66 

L/min). The best heat transfer coefficient was about (35.6 %) which can be achieved when 

the pitch decreased from (10 to 5mm). The increasing of the height from (12 to 18) mm 

improves the heat transfer coefficient about (11.2 %). The best rib dimension was 18 mm 

height, and 5 mm pitch, which give a maximum heat transfer coefficient (1212.02 W/m2. oC). 
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دراسة زيادة معامل انتقال الحرارة في قناة مستطيلة لمتباينة للتدفق على  مرحلتين 

الهواء(-)الماء  
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 الخلاصة        

للهواء والماء ، وتعزيز معامل نقل الحرارة تجريبيا. تم إجراء دراسات تجريبية تدفق  ، تمت دراسة توزيع بحثفي هذا ال

، ارتفاع الأضلاع عند تدفق حرارة ثابت على درجات الحرارة وتوزيع الضغط. على  انحدارلاختبار تأثير التصريف ، 

دقيقة( ، وكان معدل تدفق حجم  /لتر  12-5طول قناة الاختبار ومعامل نقل الحرارة ، كان معدل تدفق حجم الماء حوالي )

 الهواء حوالي )5.83-16.66 لتر / دقيقة( ، وكانت الحرارة )80 ، 100،120 واط(. تم إنشاء منصة  
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محور الدرجة مع  15الاختبار بالكامل. من ناحية أخرى ، تحتوي القناة على قسم متباعد بزاوية م تجريبية داخل نظا

مم( وتغيير درجة الأضلاع  18،  15،  12في ارتفاع الأضلاع باستخدام ثلاث قيم )على تغيير  لت الدراسةرأسي. اشتمال

. بينما التصريفنتيجة لزيادة ة في معامل نقل الحرارة المحلي كإلى زياد مم( ، أشارت النتائج 10،  8،  5إلى ثلاث قيم )

. تؤكد النتائج التصريف زيادةعند خفض ناة الاختبار والذي ينكان هناك تأثير عكسي لتوزيع درجة الحرارة على طول ق

اع الأضلاع يزيد من معامل انتقال تؤدي إلى تقليل معامل انتقال الحرارة. زيادة ارتف انحدارأيضًا أن الزيادة في مسافة 

  12إلى  5حجم الماء من )٪( عندما زاد معدل تدفق 15.6ك ، يتحسن معامل نقل الحرارة للتجربة حوالي ) الحرارة. ومع ذل

لتر / دقيقة(. كان أفضل معامل  16.66إلى  5.83٪( عندما زاد معدل تدفق حجم الهواء من )18.7لتر / دقيقة( ، وحوالي )

 12مم(. زيادة الارتفاع من ) 5إلى  10٪( والذي يمكن تحقيقه عندما انخفضت الطبقة من )35.6للحرارة حوالي )انتقال 

مم ،   5 انحدار مم ، و 18٪(. كان أفضل أبعاد الضلع هو ارتفاع 11.2حوالي )معامل انتقال الحرارة ( ملم يحسن 18إلى 

 . (.Co. 2W / m .021212والتي تعطي الحد الأقصى لمعامل نقل الحرارة )

INTRODUCTION 

The excessive cost of power and material has led to an extended effort toward generating 

efficient heat transfer equipment [Al-Naely, et al. (2018); Al-Zubaidy, et al. (2019); Salih, et 

al. (2019); Yaseen, et al. (2019); Tian, et al. (2020)]. The requiremefnt of improving the heat 

transfer in thermal systems is very important for saving energy. Therefore, there are several 

researches with various techniques have been presented. The re-configuration of geometry is 

one of the techniques to increase the efficiency of heat exchangers and save costs and energy 

[Abdulrazzaq Guptaa, et al. (2013); Togun, (2016); Al-Jibory (2018); Golam (2018); and 

Guptaa, et al. (2018]. The usage of the rough elements which include grooves, wires or 

welded ribs on the surface, or turbulence promoters, is a popular approach to enhance the heat 

transfer [Promvonge, et al. (2012); Piriyarungrod, et al. (2015); Bhuiya, et al. (2016); and  

Zhang, et al. (2016)]. The wide variety of studies on heat transfer and flow characteristics had 

been finished to investigate the impact of rib designed parameters. These parameters included 

rib height, the angle of attack, relative roughness pitch, rib arrangement and rib cross-section. 

However, the synthetically roughness causes in higher losses due to the major friction force 

which leads to excessive power requirement for the fluid to drift through the duct. It's suited 

that the turbulence has to be created best in a place very close to the heat- transferring surface 

in order to interrupt the viscous sub-layer for augmenting the heat transfer. Ansari and 

Arzandi (2012), experimentally investigated the air water two phase flow using rectangular 

ducts that are smooth and ribbed to demonstrate the effect of ribs’ height on the boundaries, 

they also presented a flow map diagram. Three ribs of various heights (1, 2, and 4 mm) were 

utilized; the rib width (10 mm) and pitch (50 mm) were held constant. The ribs were 

positioned in the duct at three various locations to establish three various conditions. It was 

found that, increasing of the rib height initiated hydro-dynamical instability at lower fluid 

velocities [Turaihi, et al. (2018) and Van Eckeveld, et al. (2018)]. Karthikeyan et al. (2015), 

experimentally studied the influence of the rib’s height on the heat transfer and fluid 

characteristics of air flow in a convergent/divergent rectangular channel with an inclination 

angle of 1° in y-direction. For a various height square ribbed ducts 3, 6, 9, and 12 mm with 

various hydraulic mean diameter 34.8, 69.7, 104.6, 138.7 mm at constant rib pitch distance is 

60 mm. Constant heat flux applied by utilizing two ceramic heating strip of 10 mm thickness 

which has been attached on the bottom and top surfaces for the test sections where the Re 

based on the hydraulic mean diameter is 86 mm of the channel varied from 20000 to 50000. 

They demonstrated that the increase in rib height the strength and size of recirculation zone 

increases. Enhanced heat transfer behavior observed for a divergent duct for four various rib 

sizes, while the convergent duct has got a reduction in heat transfer performance [(Sivakumar, 

et al. (2018); Kashif, et al. (2018); and Sorour, et al. (2019)]. Kong and Kim (2017); Kong et 

al. (2018) and Kong et al. (2016), performed experimental studies to  characterize the 

horizontal two _ phase (air–water) flow in a round pipe with an inner diameter of (3.81) cm. 
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Visualization of the flow was done by using a high-speed video camera in an extensive range 

of two-phase flow conditions to verify the previous flow regime maps. They were classified 

into bubbly, plug, slug, stratified, stratified-wavy, and annular flows. As a result, new 

transition boundaries were developed, the results displayed that the transition from bubbly 

flow to plug/slug flow depends on gas superficial velocity (jg). Hanafizadeh et al. (2017) 

experimentally investigated flow pattern of air-water-oil three-phases in an inclined upward 

and downward pipe by using a high-speed digital camera with 20 mm diameter and 6 m 

length. The range of the inclination angles of pipe are −45° to +45° for three various oil cuts 

of 25%, 50% and 75% for each inclination angle. They investigated the influence of 

inclination angle and a liquid volume fraction of the flow patterns of air-water-oil three-phase 

flow. In addition, they get seven typical three-phase flow patterns bubbly-oil in water, 

stratified-oil in water, plug-stratified, plug-oil in water, slug oil in water, wavy stratified-oil in 

water and annular-oil in water. Results demonstrated that by increasing the oil cut for various 

inclination angles, a plug region becomes smaller and bubbly region extends. The major 

objective of this work is to study an experimental the impact of water and air superficial 

velocities and the ribs’ dimensions (pitch and height) on heat transfer coefficient and 

temperature distribution in a rectangular channel which has compound turbulators with 

divergent section. The working fluid is water and air with various discharge. 

 

EXPERIMENTAL APPARATUS AND PROCEDURE 

The experimental test rig and measurements 

The rig was built up in the fluid laboratories of Mechanical Engineering. A schematic of the 

test section, the outlet of two-phase flow and the experimental test rig are demonstrated in 

figure(1) respectively. The experiments were carried out at ambient laboratory conditions of 

approximately 25oC temperature and atmospheric pressure. 

The Assembling of the Test sections 

The Major channel 

The major channel is a transparent Perspex pipe, which can be seen in figure. (2a), with a 

rectangular cross section area of (20x60) mm and 500 mm height, then the region diverted at 

angle =15o until the width of the duct becomes 80mm, and the height continues 500 mm after 

divergent the section. Also, the rib is installed in the middle of the divergent section which 

has a water pipe with 25.4 mm diameter, and an air pipe with 10 mm diameter. The water pipe 

is connected into a duct by a funnel, the air is injected by a tube passing through the water 

pipe. Mixing of the air phase and the liquid phase firstly within the steel funnel at the inlet of 

the duct. The liquid and gas phases are mixed inside the channel prior to the divergent section. 

When the two-phase mixture flows from the test section, liquid and gas phases are separated 

into the liquid storage tank. The five sensors are fixed to measure the flow temperature of 

two-phase flow within the duct. One sensor is set above the ribs, two others before the ribs 

and two others after the ribs, the distance between sensors is 100 mm, as demonstrated in 

figure(2a) photograph of major channel. 

The Ribs 

Ribs are design and manufactured from aluminum material with thermal conductivity (202.4 

W/m. K). And the ribs manufacturing process have been performed in one of the engineering 

laboratories by specialized engineers who utilized a digital milling machine (CNC). And then, 

the ribs are mounted and fixed by screw and nut on the wall back side of the rectangular 

channel at a divergent region from the test section. Figure(2b) demonstrates the ribs that have 

been utilized in the present work, and figure(2c) demonstrates the rips inside the major 

channel. 
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The Heating System 

The heating system consists of two major heaters with (110 and 15) mm length and the total 

voltage of the major heater is 220 V. A controller is utilized to maintain a constant heat flux 

on the outer surface of the ribs. Two heaters are mounted and fixed by a hole inside the rib 

from the back-rib surface. Heaters are utilized to convert electrical energy coming from power 

analyzer device into a heat, as demonstrated in figure(3). 

Experimental procedure 

The procedure for these experiments is listed as follows: The first rib will be attached to the 

channel. Then, turning on the water centrifugal pump on (5 L/min) as an initial value. With 

supplying the heaters with an electrical power at the first value of (80 W). Then, waiting for 

(5-10 min) until the rib up to constant temperature to turn on the air compressor on (5.83 

L/min) as an initial value. To start recording the temperature by sensors which are placed at 

five various points along the section of test and a sensor in the rib. The previous procedure 

repeated for the four various values of air flow rate and water flow rate, the three various 

values of heat flux. Also all the procedure repeated for the other type of ribs. The 

experimental work cases are demonstrated in the Table (1). Every experiment repeated at least 

two times to make sure of the results. Calculate heat transfer coefficient from equation: 

                                                                                                             (1) 

As well as the general definition of the heat transfer coefficient is:  

                                                                                                                        (2)       

Therefore the heat coefficient is (1212.02, 1221.11, 1246.82, and 1226.65) W/m2. oC. 

 

RESULTS AND DISCUSSION 

Air Volume Flow Rate Relationship with Heat Transfer Coefficient 

Table.2 to Table. 4 demonstrate the air volume flow rate relationship with heat transfer 

coefficient for a various water flow rate value. In Table.2 this experimental result for a case 

which has 80-W, pitch distance=5mm, and height=18mm. It can be observed that the heat 

transfer coefficient was increased with increasing water flow rate due to the air bubbles which 

lead to increase the turbulence and the heat transfer coefficient. This influence can be noticed 

when the air flow rate has been increased from (5.83L/min to 16.8) L/min, where the heat 

transfer coefficient enhanced ratio about (18.7%, 20.8%) at a water flow rate (5, 7) L/min) 

respectively. Table.2 to Table. 4 demonstrate the similar response by using of the same rib 

dimensions, but the heat value is (100-watt and 120-W), respectively. However, the 

increasing in the heat value lead to increase the heat transfer coefficient due to increase the 

temperature variance between ribs surface and fluid.    

The influence of Pitch on Heat Transfer Coefficient 

Table.2 to Table. 4 demonstrate the influence of pitch on a heat transfer coefficient at air 

volume flow rate=5.83 L/min. Also, in Table.2 the heat value=80-watt and height=18mm. So, 

it can be observed that heat transfer coefficient decreased with increasing the pitch distance 

for all water flow rate values because of increasing the pitch will decrease a rib surface area 

and increase temperature variance. Therefore, at water flow rate =5 L/min, the heat transfer 

coefficient will be decreased about (35.6 %) when the pitch distance increased about 5mm. So 

that from these experimental results can be confirmed that the heat transfer coefficient is 

adversely affected by increasing pitch, but it will increase with increasing the amount of heat. 
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Height of Rib Influence on Heat Transfer Coefficient 

Table.2 to Table. 4 perceive the heat transfer coefficient variation with height of rib. At 

various value of water volume flow rate and at pitch distance 5mm. It can be seen that 

increasing the height of the rib will increase the heat transfer coefficient between the rib and 

flowing fluids. That due to the increasing of rib’s surface area. For all value of water flow rate 

heat transfer coefficient increase with increase height, but with height value of with height of 

rib at three values of heat (80, 100, and 120) watt respectively. When flow rate is 5 L/min for 

water and 5.83 L/min for air. It can be noticed that at 12 mm height of rib is higher value of 

heat transfer Coefficient then when height increase. The temperature variances decrease and 

Surface area increase. So that the influence of the increasing the surface area is more effective 

than the decreasing in the temperature various before 15 mm height, so that it can be noted 

that heat transfer coefficient drops, then after 15 mm the influence of decrease temperature 

variance is more than surface area increase so that the heat transfer coefficient behavior is 

increase.  Table.2 to Table. 4 perceives the heat transfer coefficient relationship with pitch 

distance for three values of heat (80, 100, and 120) Watt respectively at flow condition is 5 

L/min for water and 5-83 L/min for air. Heat transfer coefficient has a liner relationship with 

pitch distance, for all three decreases with pitch increasing and that due to pitch increment 

reduces surface area of rib, but increases temperature variance. So that the heat transfer 

coefficient drops from (1212 to 780.4) W/m2. oC if increase pitch 5 mm. at heat value 80 watt. 

So that this result explains the important of surface area on heat transfer coefficient. Because 

in this study the surface area is variables with pitch and height.  

Temperature Profile 

Table.2 to Table. 4 show temperature profile for a range of water flow rate (5, 7, 9, and 12) 

L/min at heat value of 80-watt and rib dimensions is 18 mm and 5 mm, height and pitch 

respectively. At Table.2 to Table. 4 when water flow rate is 5 L/min and Air flow rate is 5.83 

l/min, the temperature of mixing fluid at the rib section is reach to (29.1 oC) when air 

discharge increases to (8.33 L/min) the temperature slightly increases to (29.3 oC) in rib 

section because of increase turbulence due to increase air so that heat transfer coefficient 

increase. Also, in Table.2 to Table. 4 the water flow rate increase, with the temperature 

decrease and heat transfer coefficient increase due to decrease in the time residence of mixing. 

(Water and air) and increase the amount of water inside. The channel “and adding of ribs 

increase the surface area of heat transfer and interrupt the development of a boundary layer of 

flow and create turbulence flow “inside the channel temperature behavior, it can be noted that,  

Table.2 to Table. 4 devote temperature relationship with vertical distance. At the rib 

dimensions: height = 18 mm and pitch = 5 mm which at range of air discharge (5.83, 8.33, 

10.83 and 16.66) L/min and heat water is 100, when the water increased the temperature will 

decrease. Due to decrease in the time residence of mixing water and air and increase the 

amount of water inside the channel, at heat value 100 watt and water flow rate (5 L/min) the 

temperature of fluid near the rib surface is (30, 30.2, 30.4, and 30.7 oC) at the air discharge 

(5.83, 8.33,10.83, and 16.83) L/min respectively. 

CONCLUSIONS 

This work presented an experimental study for convective heat transfer coefficient and 

temperature distribution in vertical rectangular divergent channel with two triangular ribs for 

various dimensions with two–phase flow (water -air) and uniform heat (80, 100, 120 watt). 

The following conclusions are drawn from this work: 

1. Experimental local heat transfer coefficient was improved about (15.6 %) due to 

increase the water discharge from (5 to 12 L/min) for a constant heat (80 watt), and 

improved about (18.7, 18.1) % respectively as a result of increasing the air discharge 

from (5.83 to 16.66 L/min).           
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2. Local heat transfer coefficient decreased about (35.6 %) with increasing the pitch 

distance from (5 to 10 mm), when the ribs’ height=18 mm, constant heat=80-watt, 

water flow=5 L/min and the water flow rate of air= 5.83 L/min. And it decreased 

about (31.9 %) with increasing the pitch distance from (5 to 10 mm) in heat value=100 

watt, and decreased about (27.8 %) when the heat value=120 watt.  

3. Increasing the ribs’ height from 12 to 18 mm, was caused an increasing in the local 

heat transfer coefficient about (11.1 %) at flow condition (5, 5.83 L/min) for water and 

air respectively. At heat value=80 watt and heat value=100 watt, there will be an 

enhancement in the heat transfer coefficient which about (12.5 %). 

4. Increasing the water discharge from (5 to 12 L/min) and air discharge from (5.83 to 

16.66 L/min) when the height=18, pitch = 5 mm will lead to improve the heat transfer 

coefficient about (37.8 %) for a channel with heat 80 watt, the increasing ratio about 

(35.1 %) for a channel with heat 100 watt and about (35.7 %) for a channel with heat 

120 watt.  

5. Temperature distribution has an inverse proportional with water and air superficial 

velocities along the channel for (water-air) two – phase flow, so increasing these 

variables lead to decrease the temperature variance along the channel. 
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Fig. (1): schematic diagram for the experimental test rig. 
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Fig. (2): Pictures of (a) the major channel (b) view of all rib cases (c) rib inside the divergence 

section. 

 

 
Fig. (3): heating system. 

Table 1: Values of the experimental work conditions.  

Ribs Dimensions Heat rate (W) Qair (L/min) Qwater (L/min) 

Pitch (mm) Height (mm) 

5 12 80 5.83 5 

15 100 8.33 7 

18 120 10.83 9 

  16.66 12 
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Table 2: The flow rate of air and fluid for Pitch= 5mm, and height =18 with q=80, 100 & 

120Watt) 

q=80 Watt, Pitch =5mm and height 

=18mm 

q=100 Watt, Pitch =5mm 

and height =18mm 

q=120 Watt, Pitch =5mm 

and height =18mm 

Qwater 

(L/Min) 

Qair 

(L/Min) 

Fluid temp. Ribs 

temp. 

Fluid temp. Ribs temp. Fluid 

temp. 

Ribs temp. 

5 5.83 31.4 50.6 30 55.4 31.1 60.7 

8.33 31.6 50.1 30.2 54.8 31.2 60.1 

10.83 31.8 49.3 30.4 54.2 31.4 59.5 

16.83 32.1 47.8 30.7 52.8 31.6 57.9 

7 5.83 30.9 49 28.5 53.1 30.7 58.8 

8.33 31.1 48.6 28.6 52.4 30.8 58.2 

10.83 31.3 47.6 28.8 51.9 31 57.3 

16.83 31.6 46.1 30.2 51.9 31.3 55.9 

9 5.83 30.6 48 28.3 51.4 30.2 57 

8.33 30.7 47.3 28.4 50.8 30.3 56.1 

10.83 31 46.6 28.6 50.5 30.4 55.1 

16.83 31.2 45.1 28.9 49.1 30.7 53.6 

12 5.83 30 46.4 27.8 49.8 29.7 54.7 

8.33 30.2 45.8 28 49.1 29.9 54 

10.83 30.5 45.1 28.2 48.7 30.1 53.7 

16.83 30.9 43.9 28.5 47.3 30.2 52 

Table 3: The flow rate of air and fluid for Pitch= 5mm, and height =15 with q=80, 100 & 

120Watt) 

q=80 Watt, Pitch =5mm and height 

=15mm 

q=100 Watt, Pitch 

=5mm and height 

=15mm 

q=120 Watt, Pitch =5mm 

and height =15mm 

Qwater 

(L/Min) 

Qair 

(L/Min) 

Fluid 

temp. 

Ribs 

temp. 

Fluid 

temp. 

Ribs 

temp. 

Fluid 

temp. 

Ribs temp. 

5 5.83 29.1 58.6 30.3 61.3 31.4 63.3 

8.33 29.2 57.5 30.4 60.9 31.6 62.6 

10.83 29.4 56.9 30.6 60.1 31.8 62 

16.83 29.6 55.8 30.9 59 32.1 60.4 

7 5.83 28.6 57.5 29.8 60.2 30.9 62.1 

8.33 28.8 56.8 30 59.4 31.1 61.7 

10.83 29 56.1 30.3 58.6 31.3 60.8 

16.83 29.3 55.1 30.6 57.6 31.6 59.5 

9 5.83 28.2 56.3 29.5 59.3 30.6 61.4 

8.33 28.3 55.5 29.6 58.6 30.7 60.6 

10.83 28.5 54.9 29.9 57.9 31 60.1 

16.83 28.8 53.8 30.2 56.8 31.2 58.5 

12 5.83 27.7 55.2 28.9 58 30 59.5 

8.33 27.8 54.6 29.1 57.4 30.2 58.6 

10.83 28.1 54 29.4 57 30.5 58 
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16.83 28.4 53 29.7 55.9 30.9 56.8 

Table 4: The flow rate of air and fluid for Pitch= 5mm, and height =12 with q=80, 100 & 

120Watt) 

q=80 Watt, Pitch =5mm and height 

=12mm 

q=100 Watt, Pitch 

=5mm and height 

=12mm 

q=120 Watt, Pitch =5mm 

and height =12mm 

Qwater 

(L/Min) 

Qair 

(L/Min) 

Fluid 

temp. 

Ribs temp. Fluid 

temp. 

Ribs temp. Fluid 

temp. 

Ribs temp. 

5 5.83 29.1 58.6 30.3 61.3 31.4 63.3 

8.33 29.2 57.5 30.4 60.9 31.6 62.6 

10.83 29.4 56.9 30.6 60.1 31.8 62 

16.83 29.6 55.8 30.9 59 32.1 60.4 

7 5.83 28.6 57.5 29.8 60.2 30.9 62.1 

8.33 28.8 56.8 30 59.4 31.1 61.7 

10.83 29 56.1 30.3 58.6 31.3 60.8 

16.83 29.3 55.1 30.6 57.6 31.6 59.5 

9 5.83 28.2 56.3 29.5 59.3 30.6 61.4 

8.33 28.3 55.5 29.6 58.6 30.7 60.6 

10.83 28.5 54.9 29.9 57.9 31 60.1 

16.83 28.8 53.8 30.2 56.8 31.2 58.5 

12 5.83 27.7 55.2 28.9 58 30 59.5 

8.33 27.8 54.6 29.1 57.4 30.2 58.6 

10.83 28.1 54 29.4 57 30.5 58 

16.83 28.4 53 29.7 55.9 30.9 56.8 
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