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Abstract—Heat exchangers are employed in nuclear and thermal
power plants for the heat transfer. Heat exchangers are the major
equipments which influence the effective working and overall
efficiency of the power plant. So it is necessary to design the heat
exchangers with the capacity to transfer maximum amount of heat.
The heat transfer mostly depends on the heat transfer surface area
and flow direction of the fluids being used for exchange of heat, flow
velocity, etc. In this project an attempt is made to enhance the
transfer of heat from hot fluid to cold fluid of the double pipe heat
exchanger. Here we design a heat exchanger with internal fin which
can eliminate more heat. And the comparison was taken with
previously designed double pipe heat exchangers. The calculation
has been performed as per the standard procedures employed for the
design of heat exchangers.

II.

EXPERIMENTAL SETUP

Here we compare three various design of double pipe heat
exchanger. The comparison was take on performance and
overall effective through calculations.
A. Plane surfaced double pipe heat exchanger
In its simplest form, the double pipe heat exchanger, (also
known as a concentric pipe, hairpin, jacked pipe and jacketed
U-tube heat exchangers), consists of a single tube mounted
inside another. One fluid flows in the inner pipe, while a
second fluid flows in the outer pipe annuals.

Keywords— Double pipe heat exchanger, Internal fins.

I.

INTRODUCTION

A heat exchanger is a device built for efficient heat transfer
from one medium to another, whether the media are separated
by a solid wall so they never mix, or the media are in direct
contact. They are widely used in space heating, refrigeration,
air conditioning, power plants, chemical plants, petrochemical
plants, petroleum refineries and natural gas processing. One
common example of a heat exchanger is the radiator in a car,
in which a hot engine-cooling fluid, like antifreeze, transfers
heat to air flowing through the radiator. Here we design and
fabricated the double pipe heat exchanger with three various
model. And compare their performance and effectiveness. We
selected steel as material for producing double pipe heat
exchanger. The thermal conductivity of steel is 20-45 w/mk.
In this project the pin fin is selected. The main advantage with
Pin fin is that they perform in a better manner when they are
placed in a tilted position. When compared to other heat sinks,
they show a better performance as well. The fins are fixed
inside the internal cylinder. Some of the fins lengths are
extended outside the internal cylinder and some of the fins
length are extended inside the internal cylinder. Fins are used
in a large number of applications to increase the heat transfer
from surfaces. The fin is exposed to a flowing fluid, which
cools or heats it, with the high thermal conductivity allowing
increased heat being conducted from the wall through the fin.
The water is selected as working fluid. It consists of two
cylinder (i.e) inner cylinder and outer cylinder. The hot stream
of water is allowed to flows through inner cylinder and normal
water is allowed to flows through outer cylinder. The
experiment is carried out in three various designed double pipe
heat exchanger to eliminate more heat from hot fluids to cold
fluid

Fig. 1. plane surface double pipe heat exchanger.

B. External finned double pipe heat exchanger
It is similar to plane surface DPHE as the hot water enters
in inner tube and cold water enters in outer tube. Here
additionally the longitudinal fins are attached in its external
surface. It can eliminate the more heat than the plane surface
heat exchanger with the help of longitudinal fin.

.
Fig. 2. External finned double pipe heat exchanger.

C. Internal finned double pipe heat exchanger
It is also similar to plane surface DPHE as the hot water
enters in inner tube and cold water enters in outer tube. Here
additionally the numbers of pin fins are attached in its outer
and inner surface of internal tube. It can eliminate the more
heat than the plane surface heat exchanger with the help of pin
fins. Its structure was given in below diagram.
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Qc =0.102*4.187*(34.2-29.5)
Qc =2.007
Overall heat transfer
Q = (Qh+Qc)/2
Q = (2.007+1.114)/2
Q =1.56
Area of heat exchanger
A=Л D L
A=л *0.72*0.012
A=0.027 m²
Q= U A (∆T)lm
Heat transfer coefficient
U=Q/A*(∆T)lm
U=1.56/ (0.027*15.71)
U=3.67 w/m² k
Ch=Cph*mh
Ch=4.187*0.02
Ch=0.083
Cʗ=Cpc*mʗ
Cʗ=4.187*0.102
Cʗ=0.427
Effectiveness
ɛ =1- exp ((-UA/Cmin)*(1+ (Cmin /Cmax)/ (1+ (Cmin /Cmax)))
ɛ =1-exp (((3.67*0.027)/(0.083))*(1+(0.125/0.293)/(1+(0.125/0.293)))
ɛ =0.69
ɛ = 69%
Counter flow:
Heat transfer
Qh=mh .Cph [Thi-Tho]
Mass flow rate of hot fluid
mh = [1000/sec]*10⁻ ᶟ
mh = (1000/41.16)*10⁻ ᶾ
mh =0.024
Heat transfer in hot fluid
Qh =0.024*4.187(58.5-43.4)
Qh =0.1.52
Mass flow rate of cold fluid
mc = (1000/sec)*10⁻ ᶾ
mc = (1000/9.49)*10⁻ ᶾ
mc =0.105
Heat transfer in cold fluid
Qc=mc* C pc (Tco-Tci)
Qc =0.105*4.187*(35.6-29.5)
Qc =2.68
Overall heat transfer
Q = (Qh+Qc)/2
Q = (2.68+1.52)/2
Q =2.1
Area of heat exchanger
A=Л D L
A=л *0.72*0.012
A=0.027 m²
Q= U A (∆T)lm
Heat transfer coefficient
U =Q/A*(∆T)lm
U=2.1/ (0.027*16.18)

Fig. 3. Internal finned double pipe heat exchanger.

Fig. 4. Pin fin arrangement in internal cylinder

III.

READINGS AND CALCULATIONS

A. Calculate Logarithmic Mean Temperature Difference
(LMTD) Internal finned pipe
Parallel flow:
𝛥𝛵𝚕𝚖

𝛥𝛵𝚕𝚖

= [ ( 𝛵𝚑𝚒-𝛵𝚌𝚒) - (𝛵𝚑𝚘 -𝛵𝚌𝚘) ] / 𝚕𝚗[ ( 𝛵𝚑𝚒-𝛵𝚌𝚒 ) / ( 𝛵𝚑𝚘-𝛵𝚌𝚘 ) ]
= [ ( 58.6-29.5 ) - ( 43.4 -35.6 ) ] / 𝚕𝚗[ (58.6-29.5) / (43.4-35.6) ]
= ( 29.1-7.8 ) / 𝚕𝚗 [ (29.1 / 7.8) ]
= 21.3 / ln [( 3.730) ]
= 21.3 / 1.316
= 16.18oC

Counter flow:
𝛥𝛵𝚕m = [ ( 𝛵𝚑𝚒-𝛵𝚌𝚘)-( 𝛵𝚑𝚘-𝛵𝚌𝚒) ]/ 𝚕𝚗[ (𝛵𝚑𝚒-𝛵𝚌𝚘) / ( 𝛵𝚑𝚘𝛵𝚌𝚒 ) ]
= [(54.4-34.2) - (41.1-29.5)] / [(54.4-34.2) / (41.1-29.5 ) ]
= (20.2-11.9) / [ ( 20 / 11.5 ) ]
= (20.2-11.9) / 𝚕𝚗 [(1.697)]
= 8.3 / 0.528
𝛥𝛵𝚕m = 15.71oC

B. Calculations for effectiveness
Heat transfer
Qh=mh .Cph [Thi-Tho]
Mass flow rate of hot fluid
mh = [1000/sec]*10-2
mh = (1000/48.69)*10-3
mh =0.02
Heat transfer in hot fluid
Qh=0.102*4.187(54.4-14.1)
Qh=1.114
Mass flow rate of cold fluid
mc = (1000/sec)*10⁻ ᶾ
mc = (1000/9.79)*10⁻ ᶾ
mc =0.102
Heat transfer in cold fluid
Qc=mc* C pc (Tco-Tci)
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U=4.80 w/m²k
Ch=Cph*mh
Ch =4.187*0.024
Ch =0.100
Cʗ=Cpc*mʗ
Cʗ =4.187*0.105
Cʗ =0.439
Effectiveness
ɛ =1- exp ((-UA/Cmin)*(1+ (Cmin /Cmax)/ (1+ (Cmin /Cmax)))
ɛ =1-exp (((-4.80*0.027)(0.100)*(1+
(0.100/0.439)/(1+(0.100/0.439)))
ɛ =0.72
ɛ =72 %

long and 3mm dia carried out for both parallel and counter
flow. The following conclusion could be made:
The heat transfer coefficient and friction factor increases
by using pin fin arrangements.
 The effectiveness of 69 % can be obtained by using internal
fin double pipe heat exchanger through parallel flow.
 The effectiveness of 72.1 % can be obtained by using
internal fin double pipe heat exchanger through counter flow.
 The performance ratio for pin fin heat exchanger is greater
than unity, therefore improvement in the energy saving lead to
validate the capacity of the proposed expressions to predict the
behavior for practical applications.
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transfer
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ɛ
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72.1

IV.

Nawras Shareef Sabeeh and Nawras Shareef Sabeeh, “Thermo-hydraulic
performance of horizontal circumferentially ribbed double pipe heat
exchanger,” Journal of Engineering and Development, vol. 18, no. 3, pp.
183-196, 2014.
[2] R. I. Afify and M. E. Abd-Elghany, “Turbulence and heat transfer
measurements baffles in circular pipe,” Engineering over doughnut-anddisc Research Journal, Helwan University, El-Mattaria Faculty of Eng.,
Cairo, Egypt, vol. 52, pp. 1-20, 1997.
[3] M. Yilmaz, “The effect of inlet flow baffles on heat transfer,” Int.
Comm. Heat Mass Transfer, vol. 30, pp. 1169-1178, 2003.
[4] P. Dutta and A. Hossain, “Internal cooling augmentation in rectangular
channel using two inclined baffles,” International Journal of Heat and
fluid flow, vol. 26, issue 2, pp. 223-232, 2005.
[5] A. R. El-Shamy, “Turbulent flow and convective heat transfer in an
annulus with perforated DiscBaffles,” Eighth International Congress of
Fluid Dynamics & Propulsion 2006, Sharm El-Shiekh, Sinai, Egypt,
Paper No.: EG- 185.
[6] R. Karwa, B. K. Maheshwari, and N. Karwa, “Experimental study of
heat transfer enhancement in an asymmetrically heated rectangular duct
with perforated baffles,” International comm. in Heat and Mass
Transfer, vol. 32, issue 1-2, pp. 275-284, 2005.
[7] C. W. Lin, “Experimental study of thermal behaviors in a rectangular
channel with baffle of pores,” International Comm. in Heat and Mass
Transfer, vol. 33, issue 8, pp. 985-992, 2006.
[8] V. Fuskele and Dr. R. M. Sarviya, “Experimental investigations of heat
transfer enhancement in double pipe heat exchanger using twisted dense
wire mesh insert,” International Journal of Advanced Engineering
Research and Studies, IJAERS, vol. 1, issue 2, pp. 05-09, 2012.
[9] Prof. S. K. Agarwal and Jitendra Kumar Patro, “Experimental studies on
heat transfer augmentation using TMT rods with and without baffles as
inserts for tube side flow of liquids,” National Institute of Technology
Rourkela – 769008, 2012.
[10] Ameer A. Jadoaa, “Experimental investigations heat transfer and
pressure drop characteristics of flow through circular tube fitted with
drilled cut-conical rings,” Eng. And Tech. Journal, vol. 29, no. 3, 2011.
[11] K. Yakut, B. Sahin, and S. Canbazoglu, “Performance and flow induced
vibration conical ring turbulators,” Applied Energy, vol. 79, issue 1, pp.
65-76, 2004.
[1]

CONCLUSION

Experimental investigations of heat transfer and
performance characteristics of double pipe heat exchanger
fitted with inserted pin fin with spacing of 10mm and 30 mm
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