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Abstract— The heat transfer through convection mode is very 

important in the thermal engineering and industrial 

application. In the present work force convection heat transfer 

analysis has been done for 40 mm diameter and 400 mm 

length of pipe subjected to insulated thickness of 5mm on 

outer span. The experimental analysis has been done for the 

1/3, 2/3, 1 opening positions of the flow control valve, and 

along with bypass valve fully opened. This present work an 

experimental study on the Nusselt number (Nu), Reynold 

number (Re), Frictional factor (Ff) has been done with short 

length 30 mm diameter pipe insert under uniform wall heat 

flux boundary condition. In the experiment measured 

Reynolds number with air as a test fluid. The analysis has 

been done in steady state condition and regulated the flow of 

water so as to obtained temperature rise up-to 3-40C limits. 

The Experimental results are cross validated with analytical 

results using the open literature as design data book. The 

experimental results are also validated with standard 

references available in open literature. The experimental 

results are well compare with analytical results also with 

standard open literature results.  

Key words: Force Convection, Experiment, Convective Heat 

Transfer Coefficient, Frictional Factor 

I. INTRODUCTION 

Heat Transfer Enhancement can also be created by placing a 

roughness adjacent to the surface. The enhanced products 

have been developed for a variety of industries and 

applications such as Waste Heat Recovery, Power plants, 

Process applications, Energy Conversion. Further research is 

required to be conducted at a large scale on considerable 

range of curvature ratio, low range of Prandtl numbers, 

Reynolds numbers, temperature etc. Thermal performance 

comparison under three constraints(identical mass flow rate, 

friction factor, pressure drop) with the straight duct as a 

reference reveals that the divergent twisted duct can always 

enhance heat transfer, the convergent always deteriorate heat 

transfer , while the twisted duct with uniform cross section 

may enhance or deteriorate heat transfer depending on the 

comparison condition: for the identical mass flow rate, it can 

enhance heat transfer while for the identical friction factor 

and identical pressure drop it cannot enhance, or even 

deteriorate heat transfer a bit. 

II. TECHNIQUES OF HEAT TRANSFER 

Heat transfer inside flow passages can be enhanced by using 

passive surface modifications such as rib tabulators, 

protrusions, pin fins, and dimples. These heat transfer 

enhancement techniques have practical. Application for 

internal cooling of turbine airfoils, combustion chamber 

liners and electronics cooling devices, biomedical devices 

and heat exchangers. The heat transfer can be increased by 

the following different Augmentation Techniques. They are 

broadly classified into three different categories: 

 Passive Techniques 

 Active Techniques 

 Compound Techniques. 

III. LITERATURE REVIEW 

Force convection apparatus efficiency is being improved by 

adding different shape of components and changing the 

geometric dimension of apparatus but they didn’t change any 

materials, in these thesis various material such as copper, 

aluminum, brass is analyzed, of those material copper had 

higher thermal efficiency as well as higher heat transfer rate. 

A. Survey 

 Ray et al. [1] numerically predicted characteristics of 

laminar flow and heat transfer through square duct with 

twisted tape insert. The heat transfer characteristics are 

predicted under axially and peripherally constant wall 

heat flux conditions. Correlations for friction factor and 

Nusselt number are developed from the predicted data. 

The agreement between the correlation and experimental 

data for friction factor is found to be excellent. 

 Giovanni Tanda et al. [2] carried out an experimental 

investigation of Heat transfer in rectangular channels 

with transverse and V-shaped broken ribs. The ribs, 

having rectangular or square sections, were deployed 

transverse to the main direction of flow or V-shaped with 

an angle of 45 or 60 degree relative to flow direction. The 

effect of continuous and broken ribs was also considered. 

Local heat transfer coefficients were obtained at various 

Reynolds numbers, within the turbulent flow regime. 

Maximum heat transfer is attained for 60 degree V-

shaped ribs. 

 Sujoy Kumar Saha et al. [3] studied experimentally the 

heat transfer and the pressure drop characteristics of 

laminar flow of viscous oil through rectangular and 

square ducts with internal transverse rib turbulators on 

two opposite surfaces of the ducts and with wire coil 

inserts. The transverse ribs in combination with wire coil 

inserts have been found to perform better than either ribs 

or wire coil inserts acting alone. 

 Giovanni Tanda [4] performed an experimental work to 

investigate forced convection heat transfer in a 

rectangular channel with angled rib turbulator, inclined 

at 45°. The angled ribs were deployed with parallel 

orientations on one or two surfaces of the channel. 

Superior heat transfer performance was found at the 

optimal rib pitch to height ratio of 13.33 for the one-

ribbed wall channel and at rib pitch to height ratio of 6.66 

for the two-ribbed wall channel. 

 M. Udaya et al. [5] performed an experimental study of 

heat transfer enhancement in square duct with inserts 

under turbulent flow condition and constant heat flux. It 
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is seen that for an increase Reynolds number up to 15%; 

Nusselt number increased by 30%. It is observed that 

experimental heat transfer coefficient of air increases by 

inserting the different inserts in square duct. 

 Pankaj et al. [6] carried out an experimental analysis to 

study turbulent flow heat transfer in rectangular duct 

with and without internal ribs. The effects of internal ribs 

on the heat transfer coefficient and friction factor are 

compared with the result of smooth duct under similar 

flow conditions. Experimental results show that the local 

Nusselt number distribution is strongly depended on the 

position, orientation, and geometry of the ribs. Also the 

discrete V- shaped ribs produce overall less heat transfer 

enhancement than the continuous V- shaped ribs. 

However, the increased heat transfer enhancement in the 

continuous V- shaped ribs came at the cost of an 

increased pressure penalty. 

 Yongsiri et al. [7] carried out a numerical study of 

turbulent flow and heat transfer in a channel with 

inclined detached-ribs. The effects of the inclined 

detached ribs with different attack angles on the heat 

transfer, friction factor and thermal performance 

behaviors have been investigated numerically for 

Reynolds numbers from 4000 to 24,000. Among the ribs 

examined, the one with Ө=60° yield comparable heat 

transfer rate 1.74 times of those in the smooth channel 

and Ө=120° yield thermal performance factor 1.21 

which are higher than those given by the others. 

 Sagar et al. [8] carried out a numerical analysis of heat 

transfer for three different angles of w-shaped turbulators 

placed at the bottom side wall of square duct. From the 

numerical analysis of it is found that Nusselt number and 

friction factor in duct with W-rib insert increases as 

compare to smooth duct without insert. 

 Priyank et al. [9] carried out a two-dimensional CFD 

investigation to study forced convection of fully 

developed turbulent flow in a rectangular duct having 

ribs on the underside of the top wall. The effect of 

Reynolds number and relative roughness pitch on the 

heat transfer coefficient and friction factor have been 

studied. It is observed that the roughened duct having 

circular and square rib with highest relative roughness 

height provides the highest Nusselt number at a higher 

value of Reynolds number. Square sectioned rib provides 

higher value of enhancement as compared to circular rib 

at a higher value of Reynolds number. 

IV. METHODOLOGY 

In this experimental apparatus centrifugal blower unit fitted 

on the ground floor by using a circular piping and necessary 

pipe fittings, it was connected to the test tube which was 

mounted in horizontal orientation. Nichrome heating wire 

encloses the test section to a whole length of 1m; with a pitch 

distance of 5 mm. The test section was insulated with glass 

wool and metal cladding. Input to heater is given through 

dimmer stat for achieving steady state heat flux condition. 

Five thermocouples T2, T3, T4,T5 and T6 at an equal 

distance of 15 cm from the origin of the heating zone were 

inserted on the walls of the tube and one thermocouple (T1) 

was placed in the air stream at the inlet section of test tube 

and other was placed in the air stream at the outlet section of 

test tube (T7) of the test section to measure the temperature 

of flowing air at respective section. The digital multipoint 

temperature indicator was used to display the temperature at 

various positions which was measured by thermocouples. 

The temperature measured by instrument is in 0C. For 

measurement pressure drop across the test section a U- tube 

manometer measures the pressure drop filled with water. The 

piping system consists of a ball valve, which was used for 

controlling the airflow rate through it and volume flow rate 

of air through the system an orifice meter was used. The 

diameter of the orifice is .0125m and coefficient of discharge 

is 0.65. The two pressure tapings of the orifice meter are 

connected to a water U-tube manometer to indicate loss of 

pressure head across the test section. Display unit is a digital 

Multipoint temperature indicator used for indicating 

temperatures of six different locations. A variation in the flow 

rate of air was measured by difference in the fluid of levels of 

manometer. The velocity of airflow in the tube is measured 

with the help of orifice plate and the water manometer fitted 

on board.   In this experimental apparatus centrifugal blower 

unit fitted on the ground floor by using a circular piping and 

necessary pipe fittings, it was connected to the test tube which 

was mounted in horizontal orientation. Nichrome heating 

wire encloses the test section to a whole length of 1m; with a 

pitch distance of 5 mm. The test section was insulated with 

glass wool and metal cladding. Input to heater is given 

through dimmer stat for achieving steady state heat flux 

condition. Five thermocouples T2, T3, T4, T5 and T6 at an 

equal distance of 15 cm from the origin of the heating zone 

were inserted on the walls of the tube and one thermocouple 

(T1) was placed in the air stream at the inlet section of test 

tube and other was placed in the air stream at the outlet 

section of test tube (T7) of the test section to measure the 

temperature of flowing air at respective section as shown in 

fig. 1. 

 
Air in the laboratory room is sucked into the circular 

duct at 1.5kW by the radial fan, which is installed at the outlet 

of the circular exit section of the test facility. The fan is 

physically isolated from the exit duct using a flexible 

connecting nylon tube to inhibit the transmission of vibration. 

The fan outlet is connected to a circular pipe that is 4.5m long 

and 0.072m in diameter. The length-to-diameter ratio of the 

circular duct is chosen to ensure that fully developed flow is 

achieved in the circular duct before velocity measurements 

are taken. Accurate temperature measurements were 
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necessary, and for this reason, all temperatures were 

measured using fiberglass-insulated 24-gauge J-type iron-

constantan thermocouples. All thermocouples used in 

temperature measurements have the same accuracy, and each 

was calibrated individually before experiments were 

conducted. The measured temperatures were used to obtain 

the average air temperature at appropriate locations to 

calculate the average Nusselt number. To determine the 

surface-temperature distribution along the length of the test 

section, where it can be seen that thermocouples were placed 

on each face of the circular test section. The spot-welded 

thermocouple is embedded in a narrow hole of the duct wall 

that is perpendicular to the airflow direction. A heat transfer 

compound is applied to fill the residual cavity between the 

thermal junction and the wall to ensure good thermal contact. 

This method enabled the point of measurement to be placed 

closer to the inner surface of the wall, where the temperature 

reading is more desirable, and more accurate temperature 

measurements will be made. Two planes perpendicular to the 

main direction of the airflow are chosen for air temperature 

measurements; the planes are chosen 0.15m away from the 

inlet and outlet of the test section to minimize the end effects. 

To measure the steady-state temperatures of the 

airflow at the inlet and outlet of the test section, five 

thermocouples are placed as shown in Figure. 

 

 

A. Formulas used in force convection 

1) Average Surface Temperature: 

                 …..(1) 

2) Mean bulk Temperature: 

           ………..(2) 

3) Discharge of air: 

             ……(3) 

4) Cross sectional Area of tube: 

                       ……….(4) 

 

 

 

V. EXPERIMENTAL RESULTS AND ANALYSIS 

The Table 1 has shown the experimental measurement of 

convective heat transfer coefficient and Nusselt number, (Nu) 

Reynold number (Re) corresponding to three flow rate of air 

by regulating the bypass valve of the blower. 

Flow 

rate of 

air 

Heat 

transfer 

rate    

Q(w) 

Convective 

heat 

Transfer  

h(w/m2 °c) 

Nusselt 

number    

(Nu) 

Reynolds 

number 

(Re) 

1/3 

Opening 

of 

bypass 

valve 

1840 287.50 3194.44 2245.48 

2/3 

Opening 

of 

bypass 

valve 

2050 340.03 3778.11 2568.11 

Full 

opening 

of 

bypass 

valve 

2295 391.39 3904.3 2636.5 

Table 1: Experimental measurement of convective heat 

transfer coefficient, Nusselt number, Reynold number 
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VI. ANALYTICAL RESULTS AND ANALYSIS: 

The analytical results of convective heat transfer coefficient, 

Nusselt number (Nu), Reynold number (Re) corresponding 

and frictional factor are shown in the tables 3, 4 & 5 

corresponding to three flow rate of air by regulating the 

bypass valve of the blower. 

VII. RESULT OF NUSSELT NUMBER & REYNOLDS NUMBER 

The Nusselt numbers which were obtained from experimental 

work which was called experimental values. The variation of 

Nusselt number and Reynold number with three different 

opening of bypass valve have been shown in figure 3. The 

analytical as well experimental results are comparing well 

with each other. The results are also well comparing along 

with standard references. 

 
Fig. 17: Variation of Nusselt number for plain tube 

 
Fig. 18: Variation of Friction Factor for plain tube 

From above Fig. 18 Friction factor is observed to 

reduce with increase in Reynolds number for plain tube. The 

friction factor obtained from experimental work was 

compared with the value obtained using Blasius equation 

(Theoretical) (Figure 5). It is seen that the experimental 

results were in good agreement with afore mentioned studies 

and Friction Factor (Experimental) is greater than theoretical 

Friction Factor (Blasius equation). Actual resistance to air 

flowing through the test section is higher. The experimental 

uncertainty is found as 8.44 % for Friction Factor 4.2 Heat 

transfer characteristics. 

Fig.19. shows that comparison of Nusselt Number 

and Reynolds number for Plain tube, with twisted tape insert 

and with different screw tape inserts of (d=3mm,5mm,6mm). 

This study gives the best insert for using 

enhancement of heat transfer or increasing convective heat 

transfer coefficient of tube side at same Reynolds number. 

The effect of screw tape insert at (d=3) highest Nusselt 

number because rib helix angle and height of insert are plays 

important role in swirl flow generation in tube side flow, so 

it has been break the actual boundary layer and proper mixing 

of thermal and hydraulic boundary layer as compare to other 

inserts. Hence screw tape d=3mm is the best insert for the 

passive heat transfer techniques, and also has reduced the 

pumping power. 

 
Fig. 19: The Variation of Nusselt Number with Reynolds 

Number. 

A. Fluid Flow Characteristics 

Fig 20. shows that comparison of Friction Factor and 

Reynolds number for plain tube with different tape inserts. 

This study gives the best insert for reducing pumping power 

because pumping power is heart of heat exchanger. Also to 

enhance the thermo hydraulic performance. The effects of 

twisted tape insert gives highest Friction Factor because twist 

angle and high width. 

 
Fig. 20: The variation Friction Factor with Reynolds 

Number 

Also surface roughness of inserts is plays important 

role to create a friction force in given flow domain. There is 

lot of effect on pressure difference between inlet and outlet 

section of the tube for a twisted tape and screw tape 1(d=6) 

insert hence increased pumping power as compared to screw 

tape insert (d=3mm and 5mm). It is concluded that screw tape 

3 (d=3mm) gives less friction factor as compared to other 

types of inserts. Twisted tape shows highest friction factor 

among all the types of inserts which is to be considered to 

evaluate the performance of the inserts. 
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VIII. CONCLUSION 

The effects of the augmentation techniques on the heat 

transfer enhancement and friction factor behaviors in 

turbulent flow regimes (12000<Re<25000) are described. 

The Twisted tape of Al and Screw tapes of M.S. in plain tube 

combined with different geometries (W= 8mm, d=3mm, 

5mm, & 6mm H=9mm) at different fluid flow rates are tested 

using the atmospheric air as working fluid. The conclusions 

are drawn as follows: 

1) The measurements are in good agreement with each 

other. The maximum error between the averaged 

experimental Nu number with numerically predicted is 

16.51% , and that for friction factor is 8.11% . 

2) Nu no increases about 15 to 20 % in twisted tape, and by 

16 to 25 % in Screw tape  1 & 2 and it slightly higher for 

screw tape 3. 

3) As the friction factor goes on decreasing as Re no 

increases. Experimentally for highest values of Re no it 

shows less deviation between all the types of inserts. 

Friction factor for twisted is high and that for screw tap 

3 is low. 

4) With the decrease of rib height or diameter of screw tape, 

Nusselt number increases with increase in Reynolds 

Number as compared to twisted tape. 

5) For increase of the diameter of insert it shows that 

decrease in heat transfer coefficient and Nusselt number 

but at same time pressure drop also increases. 

6) As Twist ratio increases greater the heat transfer and 

lower the friction factor. 

7) From the above discussion we found that screw tape 

insert at (d=3mm) is the best insert for heat transfer 

augmentation. 
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