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Abstract

The design of plate heat exchanger is complicated due to large number of variables affecting the performance
of the Plate heat exchanger and its geometry. Compact exchangers have many advantages over conventional
heat exchangers. Compact heat exchangers are widely used for heat transfer applications in industries. Plate
heat exchanger is one such type of compact heat exchanger which provides more area for heat transfer
between two fluids. Plate heat exchangers are now a day widely used in many applications like heating and
cooling application in food processing, chemical reaction processes, petroleum, pulp and paper, as well as in
many water chilling application. The better heat exchanger is one that transfer's high heat rate at low pumping
power with a minimum cost. In the current study I made a focus on researcher’s efforts in research and
developments for corrugated plate heat exchanger. Corrugation in plate increase mechanical strength of the
plates and increase turbulence in the flow. It is very important to decide proper corrugation angle which give
minimum number of plates at maximum effectiveness. Corrugation angle, corrugation depth these both
parameters are very important to design the plate heat exchanger. The corrugations on the plates enhance
turbulence at higher velocities, which improves the heat transfer.
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1. Introduction

Heat exchangers are devices that facilitate the exchange of heat between two fluids that are at different
temperature. Heat exchanger are commonly used in practice in a wide range of application, from heating and
cooling system in a household, to chemical processing, nuclear plant and power production in large plants. Plate
heat exchanger (PHE) was first introduced in 1920 s in order to meet the hygienic demands of dairy industries.
Design of PHE reached maturity in 1960 ’s with development of more effective plate geometries, assembly and
improved gasket material and range of possible applications has widened considerably. The PHE are built of
thin metal heat transfer plates and pipe work is used to carry steams of fluids. PHE are widely used in liquid to
liquid heat transfer and not suitable for gas to gas heat transfer due to high pressure drop. A PHE is a one type of
heat exchanger that uses the metal plates to exchange the heat between two liquids. This has a most favorable
position more than a conventional heat exchanger in that the liquids are presented to a much bigger surface
range in light of the fact that the fluids spread out over the plates.

PHE consists of metal plates that are corrugated both to increase turbulence and to provide mechanical rigidity.
These normally have four flow parts, one in each corner, and are sealed at their outer edges and around the ports
by gaskets, which are shaped to prevent external leakages and to direct the two liquid through the relatively
narrow passages between alternate pairs of heat transfer plates. The plates are clamped together in a frame that
includes connections for the fluid. And all parts are accessible for inspection by removing the clamping bolts
and rolling back the removable cover.

PHE are used in many applications like chemical, petroleum, HVAC, refrigeration, dairy, pharmaceutical,
beverages, liquid food and health care sectors, Which is shown in Fig 1.1.
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Fig -1.1 An exploded view of plate heat exchanger [W1]

1.2 Fluid Flow Path

In addition to the corrugation, each plate has a depression in the form of a channel also made by pressing near
the periphery of a plate into which a gasket is placed. Thus, any two plates have an intervening gasket which
prevents mixing of the liquids and directs the fluid into their respective flow paths through the portals at the
corners. Each plate has four corner holes. When the plates are packed (with gaskets in between) these corners
holes from four continuous flow lines for the two fluids: two of these serve as the inlet and outlet of the fluid,
and the other two of the cold fluid as shown in Fig 1.2.
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Fig -1 1 Fluid flow path [P05]
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Fig -1 2 PHE streams [P05]
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Typically fluid flow paths are shown in Fig.1.3 plates act as a barrier between the hot and the cold fluid streams
which are in countercurrent flow on two sides of the plate. The corrugated design greatly helps in inducing
turbulence in the fluids, increasing the effective surface area, and imparting additional strength and rigidity to
the plates.

2. Literature Review

M, Faizal et al ™ discussed about experimental studies performed on a corrugated plate heat exchanger for small
temperature difference application. Here experiment is performed on a single corrugation pattern on 20 plates
arranged parallelly, with a total heat transfer area 1.16 m*. The spacing (AX) between the plates was varied by 6
mm, 9 mm and 12 mm to experimentally determine the configuration that gives the optimum heat transfer.
Water is used as a working fluid on cold and hot channels. The hot side water flow rate is varied and hot and
cold water temperature is kept constant. It is found that for a given spacing the average heat transfer between the
two liquids increasing with increase flow rates. The optimum heat transfer between the two streams obtained at
minimum spacing 6 mm. It is found that pressure losses increased with increasing flow rates.
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Fig -2. 3 The variation of average thermal length with varying flow rate [P01]

B.Sreedhra et al 2 discussed studies on three sinusoidal corrugated plate heat exchanger using water and 10%
glycerol solution as test fluids. Three such plate heat exchangers have been fabricated with corrugation angle of
30°, 40° and 50°. And the effect of corrugation angle on both pressure drop and friction factor of the test fluids
has been found.
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T.S.Khan et al ! corrugated plate heat exchangers have larger heat transfer surface area and turbulence level
due to corrugation geometry. Here an experimental heat transfer data are obtained for single phase flow (water-
to-water) configurations in a commercial plate heat exchanger for symmetric 30°/30°, 60°/60°, and mixed
30°/60° chevron angle plates. Nusselt number is increasing with increase in chevron angle and increase linearly
with Reynolds number. Corrugated plate heat exchanger data are higher than of flat plate. Corrugated plates
provide high turbulence in the flow which increase heat transfer rate.
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Fig -2. 4 Variation of Nusselt Number with Reynolds Number for different plate configuration [P03]

Yuhan zhao et al ™ have studied and discussed about numerical simulation is performed by using CFD software
FLUENT. Then 3D geometrical model is established and mesh is generated. The fields of pressure, temperature
and velocity in the computational domain are simulated. And in the last the effect of the corrugation depth on
the heat transfer and flow is analyzed. It is about 50*100 mm. and the corrugation depth (H) is vary in 2 to 6
mm. The contacts are best for good heat transfer and the role of spoiler of contact makes the highest degree of
the fluid turbulence around them, thus heat transfer is enhanced. Also with increasing corrugation depth pressure
drop will decrease and getting best heat transfer rate. Corrugated plate with small depth is good for the cleaning
effect of the high speed turbulence which can reduce the deposited dirt and also corrugation plate with higher
depth are difficult to produce so reasonable corrugation depth is about 4-5 mm.

Kone Grijspeered et al ® did 2 dimension and 3 dimension numerical calculations on the \V shaped plate heat
exchanger. Influence of corrugation shape was attained in the 2 dimension one and the impact of the corrugation
angle was attained in the 3 dimensions. Finally the optimum corrugation model is achieved.

Fabio.A.S.Mota et al ©® discussed about optimum design of plate heat exchanger. Mathematical model is studied
for optimum design. Three different corrugation angles are taken which are 30°, 45° and 60°. And simulation
has been performed on these three corrugation angle and optimum angle is obtained which gives minimum
number of plates at maximum effectiveness. Objective is obtained minimum number of plates with maximum
effectiveness. And optimum angle is 45° which is obtained by simulation.

J.AW.Gut et al " proposed the screening method to find the optimal set of configurations of a given plate heat
exchanger. In this method, the objective function — which implicitly depends on six configurations parameters —
is formulated to obtain the minimum numbers of channels, which are proportional to the heat transfer area.
Constraints are given in order to avoid impossible or non — optimal solutions. The initial set of configurations is
given by the maximum number of possible configurations for the problem and is generated by applying the
constraint of channel numbers. The reduced setting is identified by verifying the pressure drop and flow rate, i.e.
the subset which obeys hydraulic constraints.

S.R. Turns ® discussed about the rate of heat transfer increased significantly by 20% - 30% when channels of a
heat exchanger are constructed using corrugated sheets. These improved geometries, turbulence and strength of
plates.

O.Arsenyeva et al © the mathematical model is developed for plate heat exchanger on its main corrugation field,
which cause main effect on heat transfer and distribution zones. Model is validating on experimental data for
some commercial plates. It is shown that for specified pressure drop, temperature program and heat load the
geometrical parameters of plate and its corrugations, which are enable to make plate heat exchanger with
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minimal heat transfer area. The developed mathematical model can be used for designing of plates with
geometry, which is in the best way satisfying process conditions of the certain specific range.

3. Conclusion

For different heat transfer process conditions the best values of plate geometrical parameters significantly vary.
It requires designing and manufacturing the plates of different sizes and geometrical form of corrugations,
which can better satisfy certain ranges of applications. In commercial PHEs the variety of corrugation
inclination angles is achieved by combination of two plates with different corrugation angles in one frame. The
number of plate sizes and plates with different spacing is limited. All of this leads to situation that optimal
corrugation parameters cannot be reached with already available types of plates. But having the optimal plate
geometry for the given process, this data can be used as a reference point of what can be achieved with PHE on
certain position. Besides, the developed mathematical model can be used for designing of new plates with the
geometry, which in the best way satisfies the process conditions or some range of them. By choosing proper
corrugation angle which is optimum gives minimum number of plates with maximum effectiveness.

4. Acknowledgement

| express my gratitude to my guide Prof. Jignesh J Patel for their expert guidance, encouragement and
suggestion throughout the preparation of this work. He has been a pillar of support and inspired me throughout
this study, without him this would not have been possible. | also express my heartiest thank to Prof. Tejendra
Patel(H.O.D., Mechanical Engineering Department.) for helping me throughout this work. 1 am grateful to the
teaching faculties of Mechanical Engineering Department for their valuable suggestions and instruction
regarding my work.

5. References

[1] M. Faizal, M. R. Ahemed, “Experimental studies on corrugated plate heat exchanger for small temperature
difference application”, Experimental thermal and Fluid science 36 (2012) 242-248

[2] B. Sreedhara Rao, Varun S, MVS Murali Krishna, R C Saatry, “Effect of corrugation angle on pressure drop
of viscous fluids in sinusoidal corrugated plate heat exchanger”, Internal journal of advances in engineering &
Technology, Mar (2014)

[3] T.S. Khan, M.S. Khan, Ming-C. Chyu, Z.H. Ayub “Experimental investigation of single phase convective
heat transfer coefficient in a corrugated plate heat exchanger for multiple plate configurations”, Applied
Thermal Engineering 30 (2010) 1058— 1065

[4] Yuhan Zhao, Yifan Wu, Haijin Cheng, Guolei Zhu, “Numerical simulation of corrugated depth on the
performance of plate heat exchanger”, Advanced materials research vols 860- 863 (2014) pp 696- 699

[5] Koen Grijspeerdt, Birinehi Hazarka, Dean Vucinic, “Application of computational fluid dynamic to model
the hydrodynamics of plate heat exchangers for milk processing”, Journal of food engineering, 2003, 57:237-
242

[6] Fabio. A. S. Mota, Mauro A. S. S. Ravagnani, E. P. Carvahlo, "Optimal design of plate heat exchanger”,
Applied thermal engineering 63 (2014) 33- 39

[7] J.A.W. Gut, J.M. Pinto, Optimal configuration design for plate heat exchangers,Int. J. Heat Mass Transfer 47
(2004) 4833-4848.

[8] S.R. Turns, Thermodyanmics: Concepts and Applications Heat Exchangers, vol.1, Cambridge University
Press, 2006.

[9] O. Arsenyeva, P. Kapustenko, L. Tovazhnyanskyy, G. Khavin, “The influence of plate corrugations
geometry on plate heat exchanger performance in specified process conditions”, Energy 57 (2013) 201- 207

[10] Cagin Gulengolu, Fatih Akturk, Selin Aradag, Nilay Sezer Uzol, Sadic Kakac, “Experimental comparison
of performance of three different plates for gasketed plate heat exchanger”, International journal of thermal
science 75 (2014) 249-256

3843 Www.ijariie.com 1380



Vol-3 Issue-1 2017 IJARIIE-ISSN(O)-2395-4396

[11] A. E. Kabeel, T. Abou EI Maaty, Y. EI. Samadony “The effect of using nano particles on corrugated plate
heat exchanger”, Applied Thermal Engineering 52 (2013) 221-229

[12] Nur Rohmah, Ghalya Pikra, Andri Joko Purwanto, Rakhmad Indra Pramana, “The effect of plate spacing in
plate heat exchanger design as a condenser in organic Rankine cycle for low temperature heat source”, Energy
Procedia 68 (2015) 87 - 96

[13] Yasar Islamoglu, Cem Parmaksizoglu “The effect of channel height on the enhanced heat transfer
characteristics in a corrugated heat exchanger channel”, Applied Thermal Engineering 23 (2003) 979-987

[14] M.P. Bond “Plate heat exchangers for effective heat transfer”, The Chemical Engineer 367 (1981) 162—
167.

[15] Martin H. “Theoretical approach to predict the performance of chevron type plate heat exchangers”.
Chemical Engineering and Processing 351 (1996) 301-307

Books

[B1] E.A.D. Saunders, Heat Exchangers: Selection, Design & Construction, LongmanS & T, Harlow (UK),
1988.

[B2] S. Kakag, H. Liu, Heat Exchanger: Selection, Rating and Thermal Design, seconded, CRC Press, Boca
Raton, 2002, pp. 373-412.

Websites
[W1] http://www.sciencedirect.com/science/article/pii/S036054421631204X

[W2] http://www.sciencedirect.com/science/article/pii/S0894177711001397

3843 Www.ijariie.com 1381


http://www.sciencedirect.com/science/article/pii/S036054421631204X
http://www.sciencedirect.com/science/article/pii/S0894177711001397

