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Abstract—Heat exchanger Is device that use continuously transfer the heat from one medium to another medium. This
project mainly deals with use of swirl flow devices or twisted tape turbulator in double pipe heat exchanger. This heat
exchanger widely used in pasteurization process, digester heating, heat recovery, pre-heating. In present study the four
type of twisted tape is used, typical twisted tape, perforated twisted tape, V-cut twisted tape, U-cut twisted tape in
corrugated tube. The perforated twisted tape decrease the pressure drop but the heat transfer same as the typical twisted
tape .and the U-cut twisted tape create turbulence at the wall surface of inner pipe. In this project the combination of two
twisted tape perforated twisted tape and U-cut twisted tape modification will be use and analysis of heat transfer and
pressure drop.

Index Terms— Double pipe heat exchanger, twisted tape, Computational fluid dynamics, heat transfer, pressure drop.

l. INTRODUCTION

Heat exchangers are the devices that are used to transfer heat from one fluid to other fluid. Condenser and evaporator that use in
air conditioning units and refrigerants that type of heat exchanger have been used on our daily life.

Boilers and condensers are included in the large industrial heat exchangers in thermal power plants. The radiators and oil coolers
are the form of heat exchangers in the vehicles. These heat exchangers are most abundant in all process industries and chemical
industries. There are wide varieties of heat exchangers that are used for diverse purposes where the construction also differs
widely. The heat exchangers can be classified into different types based on few fundamental concepts.

I1. DOUBLE PIPE HEAT EXCHANGER

A Double pipe heat exchanger (DPHE) is mostly used in moderate pressure application industries. Double pipe heat exchanger
in its simple one pipe inside the another larger pipe. Double pipe heat exchanger application are Pre-heating , petrochemical,
food processing industries , pharmaceutical, power and electric generation. In the Double pipe type heat exchanger one fluid flow
through the annulus between two pipe and another fluid flow inside the inner pipe. A Outer Tube is a large pressure vessel and
inner tube and twisted tape are important parts in DPHE,.In double pipe heat exchanger the different type of improvements are
used like Twisted tapes ,fins, baffles. Here in my analysis | used twisted tapes for the improvements.
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Fig.1. —Double pipe heat exchanger
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I11. BENEFITS OF DOUBLE PIPE HEAT EXCHANGER

DPHE are most commonly used in basic heat exchanger in the industries For moderate pressure industries , the reason for this
general acceptance are, this Heat exchanger provides a ease of operating this exchanger . also we can design the easily of this
heat exchanger and also maintenance cost of the heat exchanger is lower compare to other.

IV. COMPONENTS OF STHE

For the designing of heat exchanger designer have necessary to good working knowledge of the mechanical features of DPHE and
how they affect thermal design. The main components of an DPHE are: Packing & gland , Return bend , Support lugs , Flang ,
Union joint , Nozzle , Gaskets

Packing & Gland : The Packing and gland provides sealing to the annulus and support the inner pipe.

Return Bend : The opposite ends are jointed by a U-bend through welded joints.

Support lugs : Support lugs may be fitted at these ends to hold the inner pipe position.

Flange : The outer pipes are joined by flanges at the return ends in order that the assembly may be opened for cleaning and
maintenance.

Union joint : For joining the inner tube with U- Bend.

Nozzles : Small section of pipes welded to the shell or to the channel which acts as the inlet or outlet of the fluids are called
nozzles.

Gaskets : Gaskets are placed between the two flanges to make the joint leak-free.

V. LITERATURE REVIEW

Paisarn Naphone. et.al [1] has investigated the heat transfer characteristics and the pressure drop in the horizontal double pipes
with twisted tape insert. Two test sections with different relative pitches are tested. The inner and outer diameters of the inner tube
are 8.10 and 9.54 mm, respectively. The twisted tape is made from the aluminium strip with thickness of 1 mm and the length of
2000 mm. Cold and hot water are used as working fluids in shell side and tube side, respectively. The test runs at the cold and hot
water mass flow rates ranging between 0.01 and 0.07 kg/s, and between 0.04 and 0.08 kg/s, respectively. The inlet cold and hot
water temperatures are between 15 and 20 °C, and between 40 and 45 °C, respectively. The results obtained from the tube with
twisted insert has compared with those without twisted tape. The majority of the data falls within £15%, £10% of the proposed
correlations for heat transfer coefficient and friction factor respectively.

Ranjith.et.al [2] had studied the twisted tape induced swirl flow on both sides of double pipe heat exchanger. Twisted tape inserts
are widely used for enhancing heat transfer in heat exchangers. They enhance heat transfer by inducing swirl flow in the flow
channel, thereby enabling good mixing within the fluid and by increasing the effective flow length of the flow channel. It also
increase pressure drop but their overall performance has found to be advantageous in many cases. In this work, an attempt has
made to analyse the performance of a modified double pipe heat exchanger with twisted tape induced swirl flow on both sides.
The numerical analysis has done in turbulent flow conditions with twisted tape inserts of twist ratio 5 and 3. From The result the
heat transfer increase with decrease in twist ratio of the twisted tape and the twist ratio of twisted tape 3 give better heat transfer
performance. With the additional benefit of fin effect of twisted tape and good OER values, we can conclude that the heat transfer
enhancement over the pressure drop penalty incurred.

A.Hasanpour.et.al [3] studied that The heat transfer and friction factor are experimentally studied in double pipe HE which has
inner corrugated tube filled with V-cut ,U-cut, typical , and perforated twisted tape insertThe twist ratios are 3, 5 and 7, the hole
diameter ratio are 0.11 and 0.33, the width and depth ratio of the cuts vary from 0.3 to 0.6 and the Reynolds number is changed
from 1 5000 to 15,000 of turbulent regime.es compare to plain tube. the Nusselt number and friction factor for corrugated tube
equipped with modified twisted tapes are higher than typical tapes except those of perforated types which lead to lower Nusselt
number and friction factor Over the range of Reynolds number considered, the values of Nusselt number for all TT corrugated
tubes are noticeably higher than that of plain corrugate tubeThe ratio of Nusselt number for all cases of V-cut and U-cut TTs to
the Nusselt number of typical TTs are higher than one. The maximum value of this ratio among the experiments is around 1.40
and it's for V-cut tape with Wr = 0.3 and dr = 0.45 at twist ratio of 3. The maximum value of the Nu ratio of the TT corrugated
tube to empty corrugated tube among the experiments, is around 1.80 and it's for VV-cut tape with Wr = 0.3 and dr = 0.45 at twist
ratio of 3 on Reynolds number of 5000. The effect of decreasing inwidth ratio and increasing in the depth ratio is the enhancement
of Nusselt number for both U-cut and V-cut. The ratio of friction factor for all cases ofmodified TTs to the friction factor of
typical tapes twisted in corrugated tube is higher than one except the pierced one. The minimum value of this ratio for all the
experimented cases of pierced, V-cut and U-cut Using the V-cut TT in corrugated tube leads to higher value of friction factor
rather than those of typical TT (from 1.15 to 1.40) and empty corrugated tube (from 1.50 to 2.2) among the experiments TT
corrugated tube belongs to the pierced one with Hr = 0.33 at twist ratio of 7 which is around 0.8.

Sombat tamna.et.al [4] Experiment work on heat transfer enhancement in a round tube by insertion of double twisted tapes in
common with 30° V-shaped ribs has been conducted. Air as the test fluid flowed through the test tube having a constant wall
heat-flux with Reynolds number (Re) from 5300 to 24,000. The combined vortex generators (called “V-ribbed twisted tape”)
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were obtained by incorporating V-shaped ribs into the edges of double cotwisted tapes having a similar twist ratio of 4. The effect
of pertinent V-rib parameters such as four relative rib heights at an attack angle of rib, a%30° on thermal characteristics was
investigatedheat transfer enhancement in a round tube by insertation of double twisted tape in common with 30 ° V-shaped ribs
has been conducted. Both twisted tape having similar twist ratio 4. ©=15° give higher heat transfer performance . backward
arrangement is not use because it has higher friction factor. the effect of pertinent V-rib parameters such as four relative rib
height (called “blockage ratio ”) 0.07,0.09,0.14 and 0.19 And a relative rib pitch is 1.9, at an attack angle of rib ,a=30° on thermal
characteristic investigated. From the result the inserted tube with V-ribbed twisted tape at blockage ratio=0.19 gives the highest
Nu and f. However, the V-ribbed twisted tape at blockage ratio=0.09 yields the highest n around 1.4 .

P. Murugesana et al. [5] had investigated the effect of V-cut twisted tape insert on heat transfer, friction factor and thermal
performance factor characteristics in a circular tube for three twist ratios (y=2.0, 4.4 and 6.0) and three different combinations of
depth and width ratios (DR=0.34 and WR=0.43, DR=0.34 and WR=0.34, DR=0.43 and WR=0.34). The obtained results show
that the mean Nusselt number and the mean friction factor in the tube with V-cut twisted tape (VTT) increase with decreasing
twist ratios (y), width ratios (WR) and increasing depth ratios (DR). Subsequently an empirical correlation also formulated to
match with experimental results with £6% variation for the Nusselt number and £10% for the friction factor.

Bodius Salam et al. [6] was carried out an experimental investigation for measuring tube-side heat transfer coefficient, friction
factor, heat-transfer enhancement efficiency of water for turbulent flow in a circular tube fitted with rectangular-cut twisted tape
insert. A copper tube of 26.6 mm internal diameter and 30 mm outer diameter and 900 mm test length used. A stainless steel
rectangular-cut twisted tape insert of 5.25 twist ratio has inserted into the smooth tube. The rectangular cut had 8 mm depth and
14 mm width. A uniform heat flux condition had created by wrapping nichrome wire around the test section and fiberglass over
the wire. Outer surface temperatures of the tube has measured at five different points of the test section by T-type thermocouples.
Two thermometers had used for measuring the bulk temperatures. At the outlet section, the thermometer has placed in a mixing
box. The Reynolds numbers has varied in the range 10000-19000 with heat flux variation 14 to 22 kW/m2 for smooth tube, and
23 to 40 kW/m2 for tube with insert. Nusselt numbers obtained from smooth tube compared with Gnielinski correlation and errors
found to be in the range of -6% to -25% with R.M.S. value of 20%. At comparable Reynolds number, Nusselt numbers in tube
with rectangular-cut twisted tape insert enhanced by 2.3 to 2.9 times at the cost of increase of friction factors by 1.4 to 1.8 times
compared to that of smooth tube.

VI. DATA COLLECTION

An attempt is made in the paper to design and perform the analysis of Shell and tube heat exchanger. The model is created by using
SOLIDWORKS 2017. By applying boundary conditions, CFD analysis is carried out in ANSYS 19 .

Design data which is used for the design of STHE is tabulated below.
Table 1 Geometrical Dimensions for DPHE [6]

Sr. no Part name Specification Material

1 Inner pipe (inner 25 mm Copper
diameter) (di)

2 Inner pipe (outer 26.5 mm Copper
diameter ) (do)

3 Outer pipe (inner 54.5 mm Galvanised iron
diameter) (Di)

4 Outer pipe (outer 56 mm Galvanised iron
diameter) (Do)

5 Pipe length (L) 2000 mm

Table 2 Geometry dimension for twisted tape [6]

Sr. no. Part name Specification material
Width 23.5 mm
1 Twisted tape Thickness 1 mm copper
Pitch 50 mm
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For CFD analysis the boundary conditions are given to both fluids which are tabulated below. Throughout project the boundary
conditions are taken same. For both part water is used as working fluid.

Table 3 Boundary Conditions

Model k-e (Turbulent-Model)
Solver Steady state , First order
Formulation Implicit
Buoyancy Model Non Buoyant
Morphology Continuous Fluid
Domain Outer tube- Outer tube fluid- Inner tube- Inner tube fluid-
galvanized iron water copper water
Boundary Inner tube side Outer Tube side
Conditions
Inlet outlet Inlet Outlet
Mass flow rate 0.166 Kg/s 0 Pa Mass flow rate 0.08 Kg/s 0Pa
Case:1 Temperature 303 K Temperature 327 K
Convergence 10™ for pressure residual 107 for all other residual
Criterion

VIl. MODELING

Fig. 1 Design of DPHE (Typical twisted tape Insert)

Fig. 2 Perforated twisted tape
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Fig. 3 U-cut twisted tape
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Fig. 4 Combination twisted tape

VII. RESULTS
The below table shows the result of CFD simulation of double pipe heat exchanger at different twist ratio.

Table 4 Results Of double pipe heat exchanger with TT inser at different twist ratio

Twist ratio Type HTC (Uo) Pressure drop
W/m?k (Pa)

Combination TT 3208 184.19
2 Perforated TT 2633 178.61
U-cut TT 3360 210.79
Combination TT 2294 110.49
4.4 Perforated TT 1609 102.56
U-cut TT 2483 112.77
Combination TT 1862 101.89
6 Perforated TT 1600 91.61
U-cut TT 1928 110.62

By all above cases optimum is at 2 twist ratio and combination twisted tape give optimum result
Table 5 Compare CFD Result DPHE with twist ratio 2

Type HTC (Uo) Pressure
W/m?k drop
(pa)
Typical 2838 192.91
Perforated 2633 178.61
U-cut 3360 210.79
Combination 3208 184.19
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Fig.5 Compare CFD Result of Twisted tape
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The results obtained by modifying the twisted tape which is combination twisted tape is more efficient than the typical twisted
tape in double pipe heat exchanger geometry it gives lower increase in pressure drop as shown in above result 6-8 % and better
increase in Heat transfer co-efficient which is 11-12 %.

vill. CONCLUSION AND FUTURE SCOPE

CONCLUSION

Effect of creating hole and U-cuts on the geometry of twisted tape on pressure drop &heat transfer coefficient is analysed during
the study there are different parameter to improve efficiency of double pipe heat exchanger at the cost of negligible work on
twisted tape.in this simulation project improve double pipe heat exchanger efficiency used combination of U-cut and perforated
twisted tape instead of typical twisted tape three type of twisted tape taken in CFD simulation which are the U-cut , perforated and
combination of U-cut and perforated twisted tape at same mass flow rate. Perforated twisted tape is heat transfer is same as
typical twisted tape but pressure drop is decrease compare to typical TT. And the U-cut increased the heat transfer coefficient and
pressure drop increase compare to typical twisted tape and combination of U-cut and perforated twisted tape increase heat
transfer coefficient also decrease the pressure drop compare to typical twisted tape.analysis show that combination of U-cut and
perforated twisted tape give optimum result for pressure drop and heat transfer coefficient which is 9 to 12 % increase in heat
transfer coefficient and 6 To 8 % increase of pressure drop .
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