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Abstract-This paper is an extension to modeling and sinarabf Plate Heat Exchanger where a mathematical
model of plate heat exchanger had been developedrsidering simplified assumptions. It had beescdbed by

a set of continuity, momentum and energy balanceatéuns. The effect of mass flow rate of hot antdi dlid on

the effectiveness of plate heat exchanger has heémer studied by solving the model equations gisiimite
difference method.
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1. INTRODUCTION. (v) Overall heat transfer coefficient is same forthé
The plate heat exchanger is widely recognized as th flow channels in the plate heat exchanger.

most economical and efficient type of heat exchanggvi) Turbulent flow condition exists in the heat
With its low cast, flexibility, easy maintenanceddmigh exchanger.

thermal efficiency, it is unmatched by any typeheft (vii) Resistance offered by metal for heat transfer is
exchanger. The key to the plate heat exchanger's negligible.

efficiency lies in its plates. With corrugation fahs  (viii) Mass transfer does not occur in any flow channel.
that induce turbulent flows, it not only achievegix) Chemical reaction does not occur in any flow
unmatched efficiency, it also creates a self clegni channel.

effect, thereby reducing fouling. (X) The plates in the plate heat exchanger are clean
Here a plate heat exchanger with n number of clanne * gnq there is no fouling/scaling.

is considered. Odd channels (1,3,5....n-1) have colgiy Convection heat transfer dominates in the flow

fluid whereas even channels (2,4,6....n) have had.flu direction.
Shell balance approach has been used to develop EQE‘) No heat losses occur from the plate heat
model. exchanger to the surrounding.
2. MATHEMATICAL MODEL (see [1], [2], [3], .
[6l, [71, [9D). -
In the development of present model, the following s _/
assumptions have been considered.
() The fluids are Newtonian. = B
(i) There is no flow in the lateral direction. s ’
(iii) There is no change of phase in any channel.

(iv) All the physical properties of fluids remain

constant. Fig. 1.1: Sketch of a flow channel in a plate heat

exchanger
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NOMENCLATURE

Cross sectional area ofroie, nf

Specific heat capacitylafd, J/kg °C

Equivalent diameter of chahh m

Friction factor

Film heat transfer coeéit of fluid, W/nf °C
Thermal conductivity of ffuwW/m °C

Length of plate, m

Mass flow rate of fluid, kg

Number of transfer unit ofiflu

Temperature of fluid °C

Temperature of fluid at nod&)(jn channel i, °C
Overall heat transfer caméit in channel, w/AiC

Velocity of fluid, m/s

Plate width, m

Cold fluid
Hot fluid
Channel number
Plate
Inlet of cold fluid
Inlet of hot fluid
Outlet of cold fluid
Ouitlet of hot fluid

Greek Characters

Film heat transfer coeffidien fluid, W/n? °C

a

AP Pressure drop in channel, pa
At Mean temperature difference, °C
ot Temperature change in fluid, °

€ Effectiveness of plat heathenger
0 Number of transfer unit

M Fluid viscosity, Nsfm

p Fluid density, kgfm

e Density of cold fluid, kgfm

Ph Density of hot fluid, kg fm

T

Residence time in channel i, s

Continuity equation is mass balance equation. Mass
balance has been made only in the z direction, lwisic
the flow direction and as fluid enters or leaveg th
channel, either from top or from the bottom. Couitiyr
equations are presented below (see [7], [9]).

Channel i:
fori=1ton (1)

avzi
0z

Momentum balance (see [5], [7]) equations have beén energy balance (see [1], [7],[8]), heat ent&es ghell
made only in flow direction as there is no fluidrgror  not only in the flow direction, but also from tha&le

exit into the channel from the sides. metal walls.
) Channel 1:
Channel i: Wai Oz 0P,
.' p 0z H 0x2 0z al(TZ' Tl)
pg=0 fori=1ton
Channel i

a1 (Tip1 — Ti—1 — 2T))

aTy aTy
— =tv,,— +
at Zl 9z
0Ty 0Ty
— =tv,;,— +
at Z 9z
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Channel n: Bﬂ =+ vznai + 3. MODEL RESULT ) ' .
ot 0z Perf f a plate heat exchanger is givearms
(To_i-T,) erformance of a plate he : g g
@nln-1"In of its effectiveness, which is defined as
Where a; = Uv;éw _ Actual heat transfer

The model equations are solved by specifying ingtired
boundary conditions which depend upon the flow
pattern in the heat exchanger. Finite difference¢hiote

is used to solve the above set of equations.

" maximum possible heat transfer

System: water - water
0.9 - Cold fluid inlet temperature 20 °C
08 A hOT fluid inlet temperature 80 ° C
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Fig 1.2 Effect of cold fluid mass flow rate on téfiectiveness of plate heat exchanger
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Fig 1.3 Effect of hot fluid mass flow raig the effectiveness of plate heat exchanger
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Figures 1.2 and 1.3 show the effect of massnoted that, in all flow patterns effectiveness dases;
flow rate of fluids on the effectiveness of plateah  with increase in mass flow rate of cold fluid. Thss
exchanger. The fluid flow rate has been varied ftom because, as heat capacity of fluid increases teanper
kg/s to 4 kg/s. When the flow rate flow rate of diugd change in fluid decreases. And For all the flow
is varied, the mass flow rate of the other fluicképt patterns, the effectiveness decreases with incrisase
constant at 4kg/s. In all the flow patterns, number  hot fluid mass flow rate, due to similar reasons.
flow channels considered is 10. From these figitriss
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Fig 1.4: Effect of no. of channels on the effeatiess of plate heat Exchanger for parallel flow.
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Fig 1.5: Effect of no. of channelstbe effectiveness of plate heat exchanger foreSdibw pattern

Figures 1.4 and 1.5 show the effect of numbegxisting in the heat exchanger. For all flow patser
of flow channels on the effectiveness of plate heaffectiveness increases with number of flow chasnel
exchanger. It is also dependent on the flow patterfhis is because, as the number of channels isdasetk
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heat transfer area increases causing greater tataper
change to occur in fluids. In series flow pattethe
effectiveness increases and approaches unity.rallga
flow, effectiveness does not increase much and
approach a very modest value of 0.218. This istdue
the fact that, in parallel flow, addition of flovhannels
not only increases heat transfer area, but alsedses
heat capacity of both the fluids.

4. CONCLUSION

Effectiveness decreases with increasing mass faies r
of cold fluid in parallel flow pattern and serie®v
pattern. And also effectiveness decreases in nags f
rate of hot fluid in parallel flow pattern and sexiflow
pattern.Effectiveness has been found to increase with
the increase in number of flow channels in parditai
pattern and series flow pattern.
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