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obtained are correlated to graetz number for thermal design
techniques. However for spirally fluted inner tubes and annuli
having turbulent, laminar and transition flow profiles,
Gabriella’s, Christensen R.N [5] found correlations for friction
factor and nusselt number. Syed, K.S. [6] has conducted a
numerical investigation on the heat transfer enhancement in the
double tube geometry with longitudinal fins, attached on the
outer surface of the inner tube. In this geometry, fin tip
represents a singularity particularly when considerable fin
thickness is taken. Fabbri, G [7] solved the heat transfer
optimization in internally finned tubes under laminar flow
condition with the help of finite element method and genetic
algorithm. Braga, C.V.M., Saboya [8] Determined average heat
transfer coefficients and friction factors for turbulent flow in
annular regions with continuous longitudinal rectangular fins
attached to the inner wall experimentally to find the influence
of fins on pressure drop and heat transfer rate. However Shim,
S.Y., Soliman, H.M., Sims, G.E. [9], designed a 3D model for
turbulent and fully developed flow charecteristics and the
results were used to predict the charecteristics of nucleate
boiling inside the anuular region. Mon,M.S., Gross,U [10]
investigated fin pitch on four-row annular-finned tube bundles
in staggered and in-line arrangements for 3D annuli. In this
present study simulation of a Recuperative type heat exchanger
is carried out and temperature profile was recorded and
analysed.. Heat transfer with different longitudinal fin patterns
were also studied. The variations observed in the overall heat
transfer coefficient were recorded and analysed.

Abstract
In this paper an analysis has been done to study the effect of
different longitudinal fin patterns on overall heat transfer
coefficient and rate of heat transfer in concentric double tube
heat exchanger using LMTD. More over the temperature
distribution inside the tube heat exchanger is found and
tabulated using computational fluid dynamics (CFD) by fluent
6 and meshed using GAMBIT. The inner and outer tube
diameters were fixed to be 0.03m and 0.06m respectively. The
following assumptions were considered for (software) analysis:
(i) Fluid flow is laminar. (ii)Hot water passes through the inner
tube and cold water in the annular gap for all the 4 cases
(Mention no. of cases considered). (iii) Aluminium is used as
the tube and fin material, the tube thickness of both the tubes is
0.001m. The inlet of hot water is constant at 3700K and that of
the cold water at 3000K. Analysis showed that maximum heat
transfer (rate or over all heat transfer coefficient) was observed
in the case of having external fins for the inner tube with
higher overall heat transfer coefficient of 60.5% increase to that
of the base setup.
Keywords: Fins, CFD, Rate of heat transfer, over all heat
transfer coefficient.

INTRODUCTION
A heat exchanger is largely used to transfer heat from hot fluids
to cold fluids, e.g. Intercoolers, preheaters, condensers, boilers
etc. A recuperative type heat exchanger is used in this present
study. Extensive studies were carried out by investigators in the
past in this regard. It was found through an analytical model
for hydraulically fully developed turbulent flow of air in
internally finned tubes and annuli that variations in local heat
transfer coefficients on the tube walls and annulus is seen due
to the increased surface area and concluded that the finned tube
is significantly effective.[2] Numerical analysis of heat transfer
magnitudes in a finned tube annulus with respect to Reynolds
number and prandlt number showed that with higher Reynolds
number and Prandlt’s number the internal fins were effective
for better heat transfer.An experimental study was done on heat
transfer in a finned annuli by Hsieh, S.S., Lin [4] and the results

PROBLEM FORMULATION
In this paper the overall heat transfer coefficient of finned and
unfinned concentric double tube heat exchanger is calculated.
The inner and outer tube diameter 0.03m and 0.06m
respectively under laminar flow conditions. The Reynolds
number (Re) used in this study is 2230. water is used as the
fluid flowing in both the tube in a counter flow manner such
that hot water of an inlet temperature 370K passes in the inner
tube and cold water of an inlet temperature 300K passes in the
annular gap for all the different cases of fin arrangements.
Aluminium is used as the tube and fin material, the tube
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thickness of both the tube is 0.001m. All the fins used are of
same dimension say 0.004m x 0.004m cross section placed
along the length of the tube of 1m.

Fin geometry

Figure 1.1.4: Case3: Concentric double tube heat exchanger
with four external fins placed on the inner tube.

Figure 1.1.1: Assumptions Steady Laminar flow adiabatic
outer surface of the outer tube

Fig: 1.1.5: Case4: concentric double tube heat exchanger with
four internal and four external fins placed on the inner tube.

All the four cases are modelled (3D) and meshed in Gambit and
simulated in fluent to obtain the temperature distribution

CFD SIMULATION
Analysis and simulation is carried out using Fluent 6 version
and since the software is not sufficient enough for meshing,
grid generation and modelling, meshing software GAMBIT
was chosen. The Mesh Volumes operation (volume mesh and
volume modify commands) creates a mesh for one or more
volumes in the model. When a volume is meshed, the software
generates mesh nodes all through the volume according to the
specified meshing parameters. For all the four cases of
concentric double tube heat exchanger models are modelled
and meshed using GAMBIT. Hex wedge cooper is the mesh
used at a space size of 1 at the fluid volume and 0.05 at the solid
volume

Figure 1.1.2: Case1: Concentric double tube heat exchanger.

Meshing scheme
Tet/ hybrid: the mesh is mainly comprising of tetrahedral and
hybrid wedge elements.
Figure 1.1.3 Case2: Concentric double tube heat exchanger
with four internal fins placed on the inner tube.

Hex/ wedge: the mesh is mainly comprising of hexahedral and
hybrid wedge elements.
Hex : only hexahedral elements
Meshed GAMBIT models
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Case 1

Case 4

Figure: 2.1
Figure: 2.4

Case 2

A quadrant of the concentric double tube heat exchanger is
considered for modelling because of the law of symmetry.

RESULTS AND DISCUSSION
Case1: Concentric double tube heat exchanger.

Figure: 2.2

Case 3

Figure 3.1: Temperature contour at the inlet of the hot water
and outlet of the cold water

Figure: 2.3

Figure 3.2: Temperature contour at the inlet of the cold water
and outlet of the hot water
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ρVD

Re =

μ

Re = 2229.28
Inner tube
Thi + Tho

Tm hot =

2

Tm hot = 365.005K = 92.055oC
Properties of water at 92.055oC
Thermal conductivity, k = 0.67575 W/mK
Prandlt number, Pr

= 1.9306

Nu = 7.7018
hi = Nu x
Figure 3.3: Temperature plots along the length of the tubes.

K
Di

= 7.7018 x 0.67575W/mK

hi = 185.876 W/m2
Outer tube

In the above fig 3.3 the temperature distribution along the
length of the tube of 1m is shown. It is seen that the temperature
of hot and cold fluid is not changed at all from the inlet to the
outlet of the tube. Only the surface temperatures of the inner
tube are reduced though not effecting the fluid temperatures at
all. The heat transfer between the fluids doesn’t take place at
all in this case.

Tci + Tco

Tm cold =

2

Tm cold = 302.148K = 29.148oC
Properties of water at 29.148oC
Thermal conductivity, k =0.611614W/mK
Prandlt number, Pr = 5.794

Centre- ax: centre axis of the tubes.

Do

Nusselt number, Nu = 3.66 +

In-t-fl: inner tube water.

[0.0668 .( L ).Re .Pr]
Do
[1+0.04 {( ).Re .Pr}0.67]
L

In-t-insf: inner tube inner surface.
Nu = 11.5275

In-t-otsf: inner tube outer surface.

Do

ho x

Ot-t fl: outer tube water.

K

= Nu = 11.5275

Ot- t-insf: outer tube inner surface.

ho = 251.800 W/m2

In-f-tip: Inner fin tip

Q= UA (LMTD)

Ot-f-tip: Outer fin tip

LMTD =

h-fl-inlt: hot water inlet and cold water outlet.

LMTD = 62.858oC

h-fl-otlt: hot water outlet and cold water inlet.

[(Thi−Tco)– (Tho−Tci)]
[ln [(Thi−Tco) / (Tho−Tci)]

Thermal resistance,
R = R convection + R conduction + R convection

Calculations
R

Water Inlet velocity in both the tubes = 0.08m/s,
Thi = 369.220 K (Temperature of hot fluid inlet)

1
R

Tho = 360.889 K (Temperature of hot fluid outlet)

of

cold

fluid

1
UA

)=

1
hi(2πriL)

ro

+

ln( ri )
2πKwL

+

1
ho(2πroL)

= UAs = UiAi =UoAo = 9.67454

Ui =

Tco = 304.114 K (Temperature of cold fluid outlet)
Tci=300.222K (Temperature
Di = 0.028m (Inner diameter)

= (

1
RAi

= 1/9.67454 x 0.08796 m2

Ui = 109.9879 W/m2K

inlet)

Qtube = Ui Ai (LMTD)

Reynolds number,

Qtube = 109.9879W/m2K x 0.08796m2 (62.858oC)
Qtube = 608.1227 W
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In the above fig 3.6 the temperature distribution along the
length of the tube of 1m with internal fins on the inner tube is
shown. The temperature of the inner fluid or the hot fluid has
been reduced but without much increase in the cold fluid side.
The heat transfer between the fluids is very less and since the
fin is in to the hot fluid side, the temperature of hot fluid
decreases substantially.

Case2: Concentric double tube heat exchanger with four
internal fins placed on the inner tube.

Calculations
Water Inlet velocity in both the tubes = 0.08m/s,
Thi = 369.376 K
Tho = 357.335 K
Tco = 304.084 K
Tci = 300.213 K
Di =Do= 0.028m

Figure 3.4: Temperature contour at the inlet of the hot water
and outlet of the cold water

Reynolds number, Re = 2229.28
Inner tube
Properties of water at 90.356oC
Thermal conductivity, k = 0.67475 W/mK
Prandlt number, Pr = 1.97148
Nu = 7.758
h1 = 186.969 W/m2
Outer tube
Properties of water at 29.168oC
Thermal conductivity, k =0.61164W/mK
Prandlt number, Pr = 5.7914
Nu = 11.5275

Figure 3.5: Temperature contour at the inlet of the cold water
and outlet of the hot water

h2 = 251.800 W/m2
Q= UA (LMTD)
LMTD = 61.116oC
Ui = 110.375 W/m2K
Qtube = 593.350 W
hL

Fin calculation Qfin = (Tb-T∞)

[{tanh(mL) + (mK)}]

hL
) (tanh(mL)]
mK

[1 + (

Qfin =-58.7585 W
Qoverall = Qtube + Qfinx4= 358.3157 W
Qoverall = Ui Ai (LMTD)
Ui (overall) =66.654 W/m2K

Case3: Concentric double tube heat exchanger with four
external fins placed on the inner tube.

Figure 3.6: Temperature plots along the length of the tube
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side. The heat transfer between the fluids is high and since the
fin is in to the cold fluid side, the temperature of the cold fluid
increases substantially.

Calculations
Case 3:
Concentric double tube heat exchanger with four
external fins placed on the inner tube.
Water Inlet velocity in both the tubes = 0.08m/s,
Thi = 369.047 K
Tho = 359.703 K
Tco = 304.659 K
Tci = 300.180K

Figure 3.7: Temperature contour at the inlet of the hot water
and outlet of the cold water

Di =Do= 0.028m
Reynolds number, Re =

ρVD
μ

Re= 2229.28
Inner tube
Tm hot =91.375oC
Properties of water at 91.375oC
Thermal conductivity, k = 0.67535 W/mK
Prandlt number, Pr = 1.947
Nu = 7.72473
h1 = 186.319 W/m2
Outer tube
Figure 3.8: Temperature contour at the inlet of the cold water
and outlet of the hot water

Tm cold =

Tci + Tco
2

Tm cold = 29.419oC
Properties of water at 29.419oC
Thermal conductivity, k =0.61202W/mK
Prandlt number, Pr = 5.7578
Nu = 11.5005
h2 = 251.377 W/m2
LMTD = 61.9235oC
R = 0.1032844
1
R

= UAs = UiAi =UoAo = 9.682

Ui = 110.072 W/m2K

Figure 3.9: Temperature plots along the length of the tubes.

Qtube = 599.5433 W
Qfin = 90.568W

In the above fig 3.9 the temperature distribution along the
length of the tube of 1m with external fins on the inner tube is
shown. The temperature of the inner fluid or the hot fluid has
not been reduced much but with much increase in the cold fluid

Qoverall =961.815 W
Ui (overall) = 176.5838 W/m2K
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In the above fig 3.12 temperature distribution along the tobe
with internal and external fins on the inner tube is shown.
Temperature of hot and cold fluid decreases and increases
respectively. The heat transfer is high between the fluids but
lesser than the previous case of external fins on the inner tube,
because of the reduction in area of the hot fluid side.

Case4: concentric double tube heat exchanger with four
internal and four external fins placed on the inner tube.

Calculations
Water Inlet velocity in both the tubes = 0.08m/s,
Thi = 369.216 K
Tho = 355.994 K
Tco = 304.752 K
Tci = 300.241 K
Di =Do= 0.028m
Figure 3.10: Temperature contour at the inlet of the hot water
and outlet of the cold water

Reynolds number, Re =

ρVD
μ

Re = 2229.28
Inner tube
Tm hot =

Thi + Tho
2

Tm hot =89.605oC
Properties of water at 89.605oC
Thermal conductivity, k = 0.6743 W/mK
Prandlt number, Pr
= 1.9894
Nu = 7.7834
h1 = 187.446 W/m2
Outer tube
Tm cold =

Tci + Tco
2

Tm cold =29.496oC
Properties of water at 29.496oC
Thermal conductivity, k =0.61214W/mK
Prandlt number, Pr = 5.7474
Nu = 11.4927
h2 = 251.256 W/m2
Q= UA (LMTD)
LMTD = 59.735oC

Figure 3.11: Temperature contour at the inlet of the cold
water and outlet of the hot water

R=

1
UA

= 0.102937

Ui = 110.4435 W/m2K
Qtube = Ui Ai (LMTD)
Qtube = 580.302 W
Fin calculation
hL

Qfin = (Tb-T∞)

[{tanh(mL) + (mK)}]
[1 + (

hL
) (tanh(mL)]
mK

Qfin (outer) = 91.7386W
Q fin (inner) = -65.8141 W
Qoverall =684.0004 W
Qoverall = Ui Ai (LMTD)
Ui (overall) = 130.1796W/m2K

Figure 3.12: Temperature plots along the length of the tubes.
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Table I: Q and U for all the four cases
Case

Q(W)

U(W/m K)

1

608.1227

109.9879

2

358.315

66.654

3

961.8153

176.5838

4

684.0004

130.179

U(W/m2K)

2

Case1: Concentric double tube heat exchanger.
Rate of heat transfer = 608.1227W

200
180
160
140
120
100
80
60
40
20
0
Case 1

Overall heat transfer coefficient =109.9879W/m2K

Case 2

Case 3

Case 4

Case
Figure 3.14: Overall heat transfer coefficient for all the four
cases

Case2: Concentric double tube heat exchanger with four
internal fins placed on the inner tube.
Rate of heat transfer =358.3157W

From the results it is found that the overall heat transfer
coefficient and heat transfer rate for the case 3 is higher than
that of case1, case 2 and case 4. Case 2 is having the lowest
heat transfer coefficient among the four cases. Case 4 is having
the overall heat transfer coefficient in between case 1 and
case3.This shows that when a longitudinal fin is placed at the
opposite direction of the heat flow the heat transfer rate
decreases. As it is discussed before the overall heat transfer
coefficient is inversely proportional to the thermal resistance of
the heat exchanger. In order to reduce the thermal resistance
and increase the heat transfer rate in a concentric double tube
heat exchanger with hot fluid flowing at the inner tube and cold
fluid flowing at the outer tube external fins on the inner tube
must be used.

Overall heat transfer coefficient =66.654 W/m2K

Case3: Concentric double tube heat exchanger with four
external fins placed on the inner tube.
Rate of heat transfer Q =961.8153W
Overall heat transfer coefficient U=176.5838 W/m2K

Case4: concentric double tube heat exchanger with four
internal and four external fins placed on the inner tube.
Rate of heat transfer =684.0004W
Overall heat transfer coefficient =130.179W/m2K

CONCLUSION
The intension behind this study was to analyse the importance
of the fin patterns in a concentric tube heat exchanger. Results
show the variations in heat transfer with different cases of fin
pattern. Maximum heat transfer of Q =961.8153W and overall
heat transfer coefficient U=176.5838 W/m2K was found in case
3, where the concentric double tube heat exchanger was with
four external fins placed on the inner tube. This happens due to
the fin placement is along the direction of the heat flow.
Therefore to enhance the heat transfer rate of a concentric
double tube heat exchanger with hot fluid at the inner tube and
cold fluid passing in the annular with the objective of cooling
the hot fluid, external fins for the inner tube is the ideal design.
However for heating the cold fluid, internal fins for the inner
tube is the ideal design.

1000

Q (W)

800
600
400
200
0
Case 1

Case 2

Case 3

Case 4
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