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INTRODUCTION

This paper study the heat exchanger without matiidiesign and with modified design finally corretht
the exist things [1]. It presents the design aralyesis of heat exchange with pphe model, and aealys exiting
performance [2]. The heat exchange is designed aamadlysed using entancy technology. In this techglo
the heat exchange has improved the performanc%{3. The aim of the work is optimization of theat
exchanger plate. In this, optimization improves geformance of 20%][4], the heat exchanger sheitepls
removed alternatively and the pins are insertecsttaly the performance[5]. The cascade technologt
exchangers are used, in this, heat exchanger iraprthe input air standard, and hence the efficiesfchieat
exchanger is improved[6]. A coupled heat transfad dritium mass transport model was developed
performance analysis of a double-wall Natural Dddtat Exchanger (NDHX) design [7]. The high enehgat
exchanger is used in a passenger vehicle. In thést exchanger improves the vehicle’s efficiency. [

The work improved the heat exchanger’s performamtder fowling valves. If the valves are insertedhiat

www.tjprc.org SCOPUS I ndexed Journal editor @tjprc.org



1174 R. Sharavanan, G. Boopathy, Periyasamy & Ramana

exchanger, the efficiency of heat exchanger caninmgroved [9]. The sensitive type of heat exchangemsed.
The heat exchanger modifies model PHN. In this fication, the performance of heat exchanger caimipeoved [10].

DESIGN OF HEAT EXCHANGER
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Figure 1: 2D Drawing of the Heat Exchanger withouBaffles !

The Figure 1 shows the heat exchanger 2D modelratiagThe diagram shows the dimension of the heat

exchanger (figure 1)
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Figure 2: 2D Drawing of the Heat Exchanger with Bafles

The Figure 2 shows the heat exchanger 2D modetatiaf’. The diagram shows the dimension of the heat

exchanger and modifies the baffles dimension (8d2)r

2D Drawing of the Heat Exchanger with Baffles (Simlified)
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Figure 3: 2D Drawing of the Heat Exchanger Cross $tion View

The Figure 3: shows the heat exchanger cross sedta of model diagram. The diagram shows the dsman

of the heat exchanger in a cross section view @)
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TUBESHEET WITH TRIANGULAR ARRANGEMENT

Figure 4: 3D Model of Heat Exchanger

The Figure 4 shows the heat exchanger 3D modetatiagThe diagram shows the Proto type of the 3Dehod
heat exchang®f! (figure 4)

Table 1: Dimensional Details of Shell and Tube HedExchanger

Diameter 150mm
SHELL Length 900mm
Working fluid Water @ 450K
Material Mild steel
Diameter 1" = 25mm
Length 900mm
TUBE Working fluid Air @ 300K
No. of tubes 7
Material Aluminium
Tube arrangement Triangular
Diameter 140mm
Material Aluminium
BAFFLES | No of baffles 4
Baffle pitch (spacing) 135mm
Baffle type Segmental

DESIGN CALCULATIONS
The dimensions of the shell and tube heat exchaargeas follow&"
Tube diameter: 25mm
Shell diameter: 150mm
Tube length: 900mm
Velocity of air: 5 m/s
Velocity of hot water: 1 m/s

Parallel Flow
UnBaffled

Inlet water temp (T1): 450K = 177°C
Outlet water temp (T2): 449.934 K = 176.934°C

Inlet air temp (t1) = 300K
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Baffled

Outlet air temp (t2) = 376.928 K
We know that,
Heat given up by the hot fluid (Qh) = mh Cph (TT2)
mh =p Av
=889 x 3.433 x10-3x 1
=3.0522 kg/s
Qh = 3.0522 x 4417 x (450 — 449.934)
Qh =889.706 W
Heat gained by the cold fluid (Qc) = mc Cpc (t2)-t
mc=pAv
=1.045 x 1.963 x 10-3 x5
=0.010256 kg/s
Qc =0.010256 x 1007 x (376.928 — 300)

Qc =704.496 W

T1=450K

T2 = 449.9208 K

t1 =300 K

t=392.562 K

Heat given up by the hot fluid (Qh) = mh Ch (T123T
mh = 3.0522 kg/s

Qh =3.0522 x 4417 x (450 — 449.9208)

Qh =1067.74 W

Heat gained by the cold fluid (Qc) = mc Cpc (t2)-t
mc = 0.010256 kg/s

Qc =0.010256 x 1007 x ( 392.562 — 300)

Qc =955.96 W
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Figure 5: 3D Model of Heat Exchanger with Baffle§’

The Figure 5: shows the heat exchanger 3D modgtatia. The diagram shows the Cut Section Model ®htbat
exchanger With Baffles Design (figure 5)

Figure 6: Meshed Geometry Containing Triangular andQuad Type MesHh”

The Figure 6: shows the heat exchanger 3D Meshing.diagram shows the Tetrahedral mesh Model ofhéae

exchanger With Baffles Design (figure 6), the maghpurpose to discrete the elements
MESHING DETAIL ™

Mesh type: Tetrahedral

Moving mesh: Boundary velocity 120 m/s

Mesh quality check:

Aspect ratio: 0.5

Density: 5

War page angle: 0.2

Skew angle: 0.4
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BOUNDARY CONDITION

Table 2: Boundary Condition of Shell and Tube HeaExchanger

Boundary Conditions Details
Temperature 300K
SHELL (AIR) Velocity at Inlet| 5 m/s
Temperature 450K
TUBE (WATER) Velocity at Inlet| 1 m/s

BAFFLE Specified as wall

PARALLEL FLOW
Pressure Contourd”
Without Baffles

HHETY

Figure 7: Without Baffles

The Figure 7 shows the heat exchanger 2D analyssI®. The Results show that the analysis resydtéssure

contours of the heat exchanger, without bafflesgihe@igure 7)

With Baffles

ANSYS

Figure 8: With Baffles

The Figure 8 shows the heat exchanger 2D analgsslts. The results show the analysis Result Pressu
Contours of the heat exchanger, Without Bafflesigresfigure 8). The pressure distribution with amiihout baffles in a
heat exchanger are shown in the image. The maxipnassure obtained in a ‘without baffles’ is 0.15nd avith baffles

0.3m, and the pressure with 50 % improveméfit.
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Velocity Contours
Without Baffles

ANSYS

Figure 9: Without Baffles

The Figure 9 shows the heat exchanger 2D analgsiglts. The results show the analysis Result Vigioci

Contours of the heat exchanger, Without Bafflesifre&igure 8)

With Baffles

ANSTS

Figure 10: With Baffles

The Figure 10 shows the heat exchanger 2D anatgsiglts. The results show the analysis Result Bress

Contours of the heat exchanger, With Baffles Degfggure 10). The velocity distribution with and thvout baffles in a
heat exchanger is shown in an image. The maximwaspre obtained in a without baffles is 0.300m witt baffles

0.300m. The velocity has no improveni&ht

Temperature Contours

Without Baffles

s

Figure 11: Without Baffles

The Figure 11 shows the heat exchanger 2D analgsidts. The results show the analysis Result Tesyne
Contours of the heat exchanger, Without Bafflesifreffigure 11).
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With Baffles

ANSTS -

Figure 12: With Baffles

The Figurel2 shows the heat exchanger 2D analysis resules.r@$ults show the analysis Result Tempere
Contours of the heat exchanger, With Baffles De (figure 12). The tep distribution with and without baffles in a ht
exchanger is shown in an image. The maximum presshtained in a without baffles is 400k and witHflea 405.

The temperature has a5% improver
RESULTS & DISCUSSIONS

Table 3: Result of ParallelFlow Heat Exchanger

Type of Configuration Shell Inlet Shell Outlet Total Heat Transfer
Flow Temperature | Temperature Rate (Tube Wall)
parallel f Without baffle: 300 K 376.92 K 912.26 W
arallet oW ™ With Baffles 300 K 392.56 K 1034.95 W

The total heat distribution with and without bafflen a heat exchanger is shown in table 3. The mnaxi
temperature obtained in a without baffles is 91%/26nd with baffles 1034W. The temp has a 10% imgnosnt.

And, the heat exchanger will la@alyzed for counter flow in futu

1060
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heat 1020

transfe 1000
rtemp 980

960
940
920
900
280
SbU
840

H Seriesl

without huffles heat transfewith huffles heat transfer

Figure 12: Compression Chart with & without Baffles Heat Exchange!
- Heat Transfer Temperature
The figure 12 is the compression chart, which shows the wittemd with baffles heat exchanger res
The resits were derived from Ansys Flow Simulation. Theuk shows the heat transfer rate of without heebhanger a
912 W and with heat exchanger as 1035 W. The improvement haxslified the heat exchanger desi

The net improvemerof the heat exchanger with baffles temperatutpuius 13%.
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CONCLUSIONS

CFD analysis has been carried out on shell andhebeexchanger; one with baffles and another withaffles.
The various parameters such as pressure, temperatg velocity distribution throughout the shelldatube heat
exchanger has been determined, and its resultscwenpared. It is found that the Parallel flow heathanger with baffles
shows the highest heat transfer capability, biiag more pressure drop when compared to the hehamger without
baffles. And in the baffles heat exchanger, the imam shown in outlet temperature is 392.56K. And thtal heat
transfer rate in a tube wall is at 1034.95 W, cormgdo the normal heat exchanger. In the presernit,ioe pressure and
temperature have shown improvement. But, the uglaemains the same. In the Engineering applicatiom a heat
exchanger, the heat improvement is the most impbrark. So, the above design model will give immment in
pressure and temperature, and neat heat output Saimilar work as a future study, we will detbounter of flow heat
exchanger.
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