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Abstract 

In this paper, the heat transfer analysis in the horizontal double pipes with 

helical fins in the annulus side, are investigated numerically and 

experimentally. The material is copper with inner tube internal diameter 10 

mm, inner tube thickness 1 mm, outer tube external diameter 40 mm, outer 

tube thickness 1.5 mm, helical pitch of 50mm,75mm  and 100mm, heat 

exchanger length 1100 mm. The experimental results of plain tube are 

validated with numerical results.  The results obtained for helical fins in the 

annulus side provide enhanced heat transfer performance compared to the 

simple double-pipe exchangers. Thermal performance is function of mass flow 

rate.  

 

INTRODUCTION 

The thermal performance of heat exchangers can be increased by heat transfer 

enhancement methods. Tape insert is one of the passive heat transfer enhancement 



286 N Sreenivasalu Reddy, K Rajagopal and P H Veena 

method and used in most heat transfer application, for example, air conditioning and 

refrigeration systems food processes. Recently there are many studies have been done 

improvements in heat transfer rate, Yang et al. [1],  Akpinar [2], Ma et al. [3], their 

results in power saving, raising thermal rating and working life of the equipment. 

Pourahmad and Pesteei [4] experimentally investigated on double pipe heat exchanger 

by inserting wavy strip turbulators in the inner pipe, their findings are on considerable 

improvements in enhancement of heat transfer characteristics. Ibrahim [5] found the 

increase of laminar flow and heat transfer plane tubes with helical screw tape inserts. 

Result of porous baffles and flow pulsation on concentric tube heat exchanger 

efficiency was investigated by Targui and Kahalerras [6], the authors propose that 

addition of oscillating machinery in the inner pipe increases the heat transfer. An 

analysis of using plain and perforated variable spacing witch helical tabulators was 

studied by Sheikholeslami et al. [7], heat transfer and fluid flow analysis were carried 

out for different area ratios and pitch ratios. Results shows that effectiveness is an 

increasing function of open area ratio and decreasing function of pitch ratio 

To the best of author’s knowledge the heat transfer enhancement rectangular helical 

fins in the annulus side of the double pipe heat exchanger have rarely been reported. 

The main objective of the present study is to investigate the enhancement of heat 

transfer by varying the pitch of the rectangular fins in the annulus side of the double 

pipe heat exchanger. The effects various parameters are also investigated. The results 

obtained with helical fins are compared with those without fins. 

 

EXPERIMENTAL FACILITY AND PROCEDURE 

The specimen section is the horizontal double pipes with helical fins as shown in 

Figure 1. A schematic diagram of the experimental facility is shown in Figure 2. It 

consists of a specimen section, hot water loop, and cold water loop. The specimen 

section and the piping system are made such that parts can be changed. The open 

loops cold water consist of the 0.5 m3 storage tanks, with a geezer capacity of 10 

litres, an electric heater with temperature control. The hot water controlled by 

temperature controller. The volume flow rate of the hot and cold water are controlled 

by rotating valve and measured by the rotometers with a range of 0.01–0.03 kg/s.  
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Figure 1. Specimen details of annulus side of double pipe heat exchanger 

 

 

Figure 2. Experimental setup of double pipe heat exchanger after assembly 
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The specimen section made from the straight copper tube consists of an outer tube and 

inner tube and a length of 1100 mm. The inner diameter and outer diameter of the 

inner pipe are 10 and 12 mm, respectively. The inner diameter of the outer pipe is 

37mm. The helical fins are made from the copper strip with the thickness of 1 mm, 

the length of 1100 mm and a height of 5mm. The thermocouples are mounted to 

measure the hot water and cold water temperatures at the inlet and outlet sections. 

Experiments were conducted at different inlet temperatures of hot water. Flow rate of 

hot water kept constant and flow rate cold water entering the test section was varied. 

The inlet hot and cold water temperatures were adjusted with the help of temperature 

controllers. Before the data were measured, the system was allowed to reach the 

steady state. 

 

Data reduction 

For the temperatures deviations, a log mean temperature difference (LMTD)  

LMTD    =  
[(Tw,h,in−Tw,c,in)−(Tw,h,out−Tw,c,out)]

ln [
Tw,h,in−Tw,c,in

Tw,h,out−Tw,c,out
]

    (1) 

  for parallel flow and 

 LMTD    =  
[(Tw,h,in−Tw,c,out)−(Tw,h,out−Tw,c,in)]

ln [
Tw,h,in−Tw,c,out

Tw,h,out−Tw,c,in
]

    (2) 

for counter flow is used. 

Heat transferred to the cold water in the annulus, Qw,c, can be determined from 

Qw, c = mw, c Cp, w(Tw, c, out – Tw, c, in) = UOAOLMTD   (3) 

where mw, c is the mass flow rate of cold water which passing through the 

annulus, Uo is heat transfer coefficient, Ao is the surface area of the outside diameter 

of the inner pipe, C p, w is the specific heat of cold and hot water, Tw, c, in and Tw, c, out 

are the inlet and outlet temperatures of cold water. 

 

Heat transferred from the hot water in the inner pipe, Qw,h, can be determined as  

Qw, h = mw, h Cp, w(Tw, h, in – Tw, h, out) = UiAiLMTD      (4) 

where mw, h is the mass flow rate of hot water which passing through the 

inner tube of heat exchanger, Ui is heat transfer coefficient, Ai is the surface area of 

the inside diameter of the inner pipe, Cp, w is the specific heat of cold and hot water, 

Tw, h, in and Tw, h, out are the inlet and outlet temperatures of hot water. 

The average heat transfer rate, Qave, is determined from the hot water side and cold 
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water side as  

Qave = 
Qw,c+Qw,h

2
                                                            (5) 

The overall heat transfer coefficient Uo based on outer surface area of the inner pipe 

can be determined as per the energy balance equation with negligible heat losses to 

surroundings, from equations (1) and (2): 

Qavg = UoAo LMTD                  (6) 

 

RESULTS AND DISCUSSION 

To validate the experimental results a comparison is made with numerical results to 

evaluate heat transfer and heat transfer coefficient for simple double pipe heat 

exchanger. Figure 3 shows the validation of experimental results of rate of heat 

transfer with mass flow rate at inlet temperature 65 oC. The agreement between the 

results of numerical method and experiment are reasonable.  

The mass flow rate of cold water which was flowing in the annulus side of heat 

exchanger varied from 0.01kg/sec to 0.03kg/sec, while the mass flow rate of hot water 

which is flowing in the inner tube kept constant at a value of 0.01 kg/sec. The range 

of hot water inlet temperature is 55oC and 65oC, while the inlet temperature of cold 

water fixed at 30oC. 

Figure 4 and 5 shows   increase of rate of average heat transfer with cold water mass 

flow rate for plain tube and helical fins in the annulus side of double tube heat 

exchanger at hot water inlet temperatures of 55oC and 65 oC respectively. It is tested 

for different helical pitches of 50mm, 75mm and 100mm.  As it shows that at 

particular hot water inlet temperature of 55 oC the heat transfer rate is directly 

proportional to the increases with the mass flow rate of cold water. It is because of 

heat transfer across the test section is directly depending on heat capacity of the hot 

water. Due to presence of helical fins in the annulus, the enhancement of heat transfer 

is more. This is because of outside surface area of the inner tube of heat exchanger is 

increased. In addition, it shows from the Figures 4 and 5 that the heat transfer rates are 

almost constant for different helical pitch. It can also shown in Figure 5 that a little 

increase in heat transfer rate as compare to Figure 6, it is because of change in inlet 

temperature of a hot water. Figure 7 and 8 also shows the variation of heat transfer 

coefficient with mass flow rate of cold water for parallel flow, it can be seen that heat 

transfer coefficients are increased because same explanation described above for 

figure 4and 5 can be given. 
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Figure 3. Validation of rate of heat transfer at inlet temperature of 65oC 

 

Figure 4. Rate of heat transfer with mass flow rate at inlet temperature of 55oC 

 

Figure 5. Rate of heat transfer with mass flow rate at inlet temperature of 65oC 
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Figure 6. Heat transfer coefficient with mass flow rate at inlet temperature of 55oC 

 

 

Figure 7. Heat transfer coefficient with mass flow rate at inlet temperature of 65oC 

 

CONCLUSIONS 

The heat transfer characteristics of annulus side of concentric pipe heat exchanger are 

presented at different inlet temperatures and mass flow rates. The influence of 

conditions of working fluid at inlet of the heat exchanger flowing through the annulus 

and helical fins on the heat transfer characteristics are explained. It is observed that 

rate of heat transfer and heat transfer coefficient directly depends on mass flow rates 

of the hot and cold fluid. The influence of helical pitch on enhancement of heat 

transfer is negligible. The heat transfer coefficient and heat transfer rate is increased 

as compared to plain tube. 

0

100

200

300

400

500

600

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

R
at

e
 o

f 
H

e
at

 t
ra

n
sf

e
r 

Q
 W

at
ts

Mass flow rate Kg/s

Experimental Plain Tube thi = 65 C

Experimental helical pitch 50mm

Experimentall helical pitch 75 pitch

Experimental helical pitch 100 mm

0

100

200

300

400

500

600

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

H
e

at
 t

ra
n

sf
e

r 
co

e
ff

ic
ie

n
t 

W
/m

2
o
C

Mass flow rate Kg/s

Experimental Tube thi = 65 C

Experimental helical pitch 50mm

Experimental helical pitch 75 pitch

Experimental helical pitch 100 mm



292 N Sreenivasalu Reddy, K Rajagopal and P H Veena 

REFERENCES 

[1] Yang D, Guo Y, Zhang J, “ Evaluation of the thermal performance of an earth 

to air heat exchanger (EAHE) in a harmonic thermal environment”. Energy 

Conversion and Management, Vol. 109,  pp. 184–94, 2016. 

[2] Akpinar EK,  “Evaluation of heat transfer and exergy loss in a concentric 

double pipe exchanger equipped with helical wires”,  Energy Conversion and 

Management; Volume 47, Issues 18–19,  pp. 3473-3486, 2006. 

[3] Ma T, Li L, Xu X-Y, Chen Y-T, Wang Q-W, “Study on local thermal–

hydraulic performance and optimization of zigzag-type printed circuit heat 

exchanger at high temperature”, Energy Conversion and Management, 

Volume 104, pp. 55-66, 2015. 

[4] Pourahmad S, Pesteei S M, 2016. “Effectiveness-NTU analyses in a double 

tube heat exchanger equipped with wavy strip considering various angles”, 

Energy Conversion and Management, Volume 123, pp. 462-469.  

[5] Ibrahim E Z,  “Augmentation of laminar flow and heat transfer in flat tubes 

by means of helical screw-tape inserts”, Energy Conversion and 

Management, Volume 52, Issue 1, pp. 250-257, 2011. 

[6] Targui N, Kahalerras H,  “ Analysis of a double pipe heat exchanger 

performance by use of porous baffles and pulsating flow”, Energy 

Conversion and  Management, Volume 76, pp. 43-54,  2013. 

[7] Sheikholeslami M, Gorji-Bandpy M, Ganji D D,. “Effect of discontinuous 

helical turbulators on heat transfer characteristics of double pipe water to air 

heat exchanger”, Energy Conversion and Management, Volume 118, Pages 

75-87, 2016. 

[8] R.C. Prasad, J. Shen, “Performance evaluation of convective heat transfer 

enhancement devices using exergy analysis”, International Journal of Heat 

and Mass Transfer 36 4193–4197, 1993. 

[9] R.C. Prasad, J. Shen, “Performance evaluation using exergy analysis–

application to wire-coil inserts in forced convection heat transfer”, 

International Journal of Heat and Mass Transfer 37, 2297–22303,1994. 

[10] T.S. Ravigururajan, A.E. Bergles, “Development and verification of general 

correlations for pressure drop and heat transfer in single-phase turbulent flow 

in enhanced tubes”, Experimental Thermal and Fluid Science 13, 55–70, 

1996. 

[11] K.N. Agrawal, A. Kumar, M.A.A. Behabadi, H.K. Varma, “Heat transfer 

augmentation by coiled wire inserts during forced convection condensation of 

R-22 inside horizontal tubes”, International Journal of Multiphase Flow, 24, 

http://www.sciencedirect.com/science/journal/01968904/47/18


Experimental Investigation Of Heat Transfer Enhancement Of A Double Pipe…  293 

635–650, 1998. 

[12] H.Y. Kim, S. Koyama, W. Matsumoto, “Flow pattern and flow characteristics 

for counter-current two-phase flow in a vertical round tube with wire-coil 

inserts”, International Journal of Multiphase Flow 27, 2063–2081, 2001. 

[13] L. Wang, B. Sund, “Performance comparison of some tube inserts, 

International Communication Heat Mass Transfer”, 45–56, 2002. 

[14] H.R. Rahai, T.W.Wong, “Velocity field characteristics of turbulent jets from 

round tubes with coil inserts”, Applied Thermal Engineering 22, 1037–1045, 

2002. 

[15] V. Ozceyhan, “Conjugate heat transfer and thermal stress analysis of wire 

coil inserted tubes that are heated externally with uniform heat flux”, Energy 

Conversion and Management 46, 1543–1559, 2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



294 N Sreenivasalu Reddy, K Rajagopal and P H Veena 

 

 

 

 

 

 

 

 

 

 


