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Abstract: 

In the present study, the pressure drop and heat transfer characteristics of flow through circular tube with twisted tape insert is 

reported. In the experimental condition, a twisted-tape was inserted into the inner tube with various free spacing twisted-tapes: s = 

2P, 3P, and 4P, respectively. All of the experiments were carried out at the same inlet condition with the Reynolds number of the 

inner tube, Re=2300 to 7500. The research show that the free spacing twisted -tapes, s = 2P g ives the heat transfer lower than full 

length twisted tape around 5-15% while it can be decreased the pressure drop around 90%.  
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I.INTRODUCTION 

Heat transfer enhancement technology has been developed 

and widely applied to heat exchanger applicat ions; for 

example, refrigerat ion, automotives, process industry, solar 

water heater, etc. The aim of augmentative heat transfer is to 

accommodate high heat fluxes. Up to date, there has been a 

great attempt to reduce the sizes and cost of the heat 

exchanger, and energy consumption. The most significant 

variable in reducing the size and the cost of the heat 

exchanger is a heat transfer coefficient and a pressure drop, 

which generally leads to less capital cost and to another 

advantage of a reduction in the temperature driving force, 

which increases the second law efficiency and decreases 

entropy generation. At present, the technology of the twisted-

tape insert is widely used in various industries. Insertion of 

twisted tapes in a tube provides a simple passive technique 

for enhancing the convective heat transfer by introducing 

swirl into the bulk flow and by disrupting the boundary layer 

at the tube surface due to repeated changes in the surface 

geometry. It has been explained that such tapes induce 

turbulence and superimposed vortex motion (swirl flow) 

causing a thinner boundary layer and consequently resulting 

in a high heat transfer coefficient and Nusselt number due to 

repeated changes in the twisted tape geometry. On 

consideration of the heat transfer enhancement, it can be 

considered through bringing the twisted -tape to insert while 

the pressure drop inside the tube is higher. Because of low 

assets and easy setting up, it  is widely  used, especially in  a 

compact heat exchanger. 

 

II.    EQUATIONS REQUIRED FOR THE ANALYS IS 

For  flu id flow in a concentric tube heat exchanger, the heat 

transfer rate of the hot fluid (air) in the inner tube can be 

expressed as: 

 

Q = mCp( To − Ti ), 

While the heat transfer of the cold flu id(water) for the outer 

tube is: 

Q = hA( Tw − Tb ) 

Whereas, 

Tb= (To+Ti) /2 and   Tw =ΣT / 15 

 

Where Tw is the local wall temperature and evaluated at the 

outer wall surface of the inner tube. It must be measured at  

the depth from the outer surface of 0.5 mm. The average wall 

temperatures are calculated from 15 points, lined between the 

inlet and exit of the inner tube. The average heat transfer 

coefficient and the mean Nusselt number are estimated as 

follows: 

h = mCp (To − Ti ) / A(T~w − Tb ) 

Num = hDh / k 

 

The Reynolds number is given by 

Re = VDh / υ 

 

Friction factor can be written as follows:  
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III. NOMENCLATURE 

 

Q  heat transfer rate (W )m  

m  mass flow rate ( kg / s ) 

Cp  specific heat capacity ( kJ / kgK ) 

T  temperature ( K ) 

h  heat transfer coefficient ( W / m2K ) 

k  thermal conductivity (W / mK )  

A  heat transfer area ( m2 ) 

D h hydraulic diameter ( m )  

D  inner tube diameter ( m )  

L  inner tube length ( m ) 

S  free-spacing length ( m ) 

P  pitch length of twisted tape ( m ) 

s  space to tape ratio ( s = S / P ) 

Nu  Nusselt number 

Re Reynolds number 

ΔP  pressure drop ( Pa ) 

V  average axial velocity ( m / s ) 

v  kinematic v iscosity ( m2 / s ) 
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Subscripts 

i  inlet  

o  outlet 

b  mean 

w  local wall 

c  cold flu id 

h hot fluid  

 

IV. EXPERIMENTATION WITH DIAGRAM 

The arrangement of the experimental system of a concentric 

tube heat exchanger was set up and the details of test section 

are depicted in Figures 1 and 2. The double pipe heat 

exchanger consisted of two concentric tubes; the inner tube 

for hot air flow and the outer tube for water flow. The 

diameter of the outer tubes is 40 mm while the inner tube is 

20 mm. The tubes were 2000 mm long and 1 mm th ick. 

Copper and steel tubes were employed for the inner and outer 

tubes respectively. The outer tube surface was wrapped with 

insulation to minimize heat loss to surroundings. In the 

experiments, the pitch length of the twisted tape was kept 

constant. The twisted tape was made of stainless steel and 

has the geometric dimensions of P=20 mm and t =1 mm. The 

twisted tapes were inserted in the tube with free spacing, s = 

2P, 3P, and 4P, respectively. Hot air from a 7.5 kW blower 

was directed through the duct, while co ld water was pumped 

through the annulus. Liquid and air flow meters were used to 

measure both water and air flow rates. The volumetric flow 

rates of the hot air and cold water were ad justed by control 

valves, situated before the inlet ports. The inlet air was 

heated by an adjustable electrical heater. Both the inlet and 

outlet temperatures of the hot air and the co ld water were 

measured by multi-channel with iron-Constantan 

thermocouple (type K). It was necessary to measure the 

temperature at 15 stations altogether at the outer surface of 

the square duct for finding out the average Nusselt number. 

All fifteen evaluated temperature probes were connected to 

the data logger sets. The entrance and the exit  of the inner-

outer tubes were provided with pressure tapings for 

measuring the pressure drop by connecting to the U-tube 

manometer. For each test run, it was necessary to record the 

data of temperature, volumetric flow rate and pressure drop 

of the hot air and the cold water at steady state conditions. 

The inlet air temperature was maintained at 80oC and the 

cold water was at 27oC during the experiment. The Reynolds 

number of the heated air was from 2300 to 7500. The various 

characteristics of the flow and the Nusselts number, the 

Reynolds numbers were based on the average tube wall 

temperature. The uncertainty in the determined Nusselt 

number was estimated based on  NSI/ASME (1986). The 

overall uncertainty for the Nusselt number was found in the 

range of 5-7%. 

 

 
 

V. RES ULT AND DISCUSSION: 

The present experimental results on heat characteristic in a 

tube were first reported in the fo rm of Nusselt number. In the 

figure, the present work agrees well with the availab le 

correlations with ± 5-10% in  comparison with past 

correlation. Heat transfer results of the full length and regular 

space twisted-tape inserts are shown in Figure 4. It was 

shown that the smaller o f the regular space, the higher in 

mean Nusselts number which higher than the plain tube. 

From the experimental results, it  is clear that the twisted-tape 

inserts caused swirl and pressure gradient in the radial 

direction. Moreover, swirl caused the flow to be turbulent, 

which led to even better convection heat transfer. From the 

figure, it is depicted that the effect of the twisted-tape inserts 

decreased at low Reynolds numbers due to the weak swirl 

and low flow velocity. This phenomenon is related to the 

speed of the swirl-flow of the hot air and the results of the 

destruction of the boundary layer level.  

 
Fig:3. Nusselts number versus Reynolds number with 

various free spacing twisted tape lengths. 
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VI. CONCLUS ION: 

In this research paper, the twisted tape swirl flow devices 

could be applied  to improved heat transfer in  a double pipe 

heat exchanger. From the experimental results the values of 

Nusselts number increase around 144% for the free spacing,s 

= 2P, while used of twisted-tape insert into the inner tube 

leads to maximum Nusselt number around 157% over the 

plain tube for full length twisted-tape. 
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