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Abstract

Energy needs and consumption in the world is increasing steadily. For this reason, the importance of reducing energy
consumption and using energy more efficiently increases day by day. Hence, energy efficiency has great importance both
economically and for the protection of nature.

Heat recovery device is a system that needs ventilation and can be used to save energy (reduce energy consumption) in all areas
of different temperatures (home, office, cinema, shopping mall, conference room, etc.) with the outdoor environment. This
device can save a significant amount of energy from heating and cooling processes by transferring heat between the exhaust
air and the fresh air.

The most widely used type of this device is a plate heat exchanger. In this system, heat transfer is carried out without allowing
to blend the egzost air and the fresh air. In this study, the aim is to increase the thermal efficiency of the device. The geometry
of the heat exchanger was changed to increase the amount of heat transfer.

For this purpose, the current model was created in computer environment and computer simulations were made through the
ANSYS-Fluent program. Then the new models with different geometries were created in the computer environment and
simulations were made on these models using the same method. The current model and the new models have been compared
in terms of thermal efficiency.
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Oz

Diinyada enerji ihtiyact ve tiiketimi giderek artmaktadir. Bu sebep ile enerji tiiketimini azaltmak ve enerjiyi daha verimli
kullanilmak her gegen giin daha 6nem kazanmaktadir. Bu sebeple enerji verimliligi gerek ekonomik gerekse doganin korunmasi
acisindan biiyiik 6nem tagimaktadir.

Ist geri kazanim cihazi, havalandirilma ihtiyaci olan, dis ortamla farkli sicakliktaki tiim mahallerde (ev, ofis, sinema, AVM,
Konferans salonu vb.) enerji tasarrufu saglamak (enerji tiikketimini azaltmak) i¢in kullanilabilen bir sistemdir. Bu cihaz disar1
atilacak hava ile i¢ ortama alinacak hava arasinda 1s1 transferi yaparak, 1sitma ve sogutma islemlerinden ciddi oranda tasarruf
ve enerji kazanci saglayabilmektedir.

Bu cihazin en yaygin kullanilan tiirii plakali 1s1 degistiricili olanidir. Bu sistemde 1s1 transferi disar1 atilan kirli hava ile igeri
alman temiz hava arasinda 2 havanin karigmasina izin verilmeden yapilmaktadir. Bu ¢alismada cihazin, 1s1l verimliliginin
artirtlmast amaglanmistir. Bunun i¢in kullanilan 1s1 degistiricisinin geometrisi degistirilerek 1s1 transferi artirilmak istenmistir.

Bunun i¢in mevcut olan model sanal ortamda (bilgisayar ortaminda) olusturularak, ANSYS-Fluent programi vasitasiyla
bilgisayar benzetimleri (simiilasyonlar1) yapilmistir. Sonrasinda bilgisayar ortaminda farkli geometrilere sahip yeni modeller
olusturulmus ve aynt metot kullanilarak bu modeller {izerinde benzetimler (simiilasyonlar) yapilmustir. Yeni modellerin mevcut
model ile 1s1l verimleri karsilastirilmistir.

Anahtar Kelimeler: Is1 geri kazanimi, enerji verimliligi, 1s1 transferi, 1s1 degistiricisi, havalandirma sistemi, HAD

I. INTRODUCTION

Energy efficiency has a great importance today because of its economic importance and it can slow down or even
prevent global warming. In order to prevent the effects of global warming, a study found that; one of the effective
methods that can be used is to increase energy efficiency [1]. Energy efficiency is possible with minimizing energy
losses without reducing quantity and quality.
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Heat recovery device is a system that can be used to
save energy by utilizing waste heat in all locations
(home, office, cinema, shopping mall, conference
room, etc.) that need ventilation at different
temperatures with external environment. This device
can save a significant amount of heat and energy from
heating and cooling processes by transferring heat
between the air to be ejected and the air to be taken into
the interior. Pamir [2] talked about the importance of
saving energy and reducing energy consumption.
Another study mentioned the importance of energy
efficiency and what can be done about it [3]. In his
study, Satman [4] touched on the effects of energy
efficiency on the economy and suggest the importance
of the steps to be taken and the vision in this regard.

Sahan examine, the usage of different shapes air to air
heat recovery exchanger using, in his study. He said
these systems are aimed at providing a business
economy and that the right system will provide
economic profitability in the long term [5].

Sentiirk and his colleagues [6] have done experimental
and numerical work of a heat recovery ventilation
device. They have confirmed the numerical results with
the experimental results. Simulations; they were carried
out with ANSY'S Fluent software.

Heat recovery in air conditioning systems has three
important advantages besides increasing energy
efficiency:

1. Thanks to the restored heat, the external air load
required to bring the interior environment to comfort
conditions is significantly reduced. This reduces the
amount of energy expended for air conditioning, saves
money.

2. The initial investment cost can be reduced if both the
capacities of the components used in the air
conditioning system are reduced and there is no need
for humidification and dehumidification components.
3.Decreasing external air load makes the use of fresh
air devices are more reasonable. Thus, the superiority
is achieved in ensuring the quality of internal air [7].

This operation was done for heat recovery device with
plate heat exchanger. The fig.1. includes installation
view and internal structure view of the device in its
operating position.
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Fig.1. Installation and internal structure of the device
in operation position [8]
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In this study, the heat exchanger of the device' thermal
efficiency; numerically was examined. New heat
exchanger models were created, numerically examined
with the same method and compared with the current
model.

1. MATERIAL AND METHOD
The heat exchanger used in the device was created in a
computer through Solidworks program.

This heat exchanger includes of 108 lamellas
overlapping. One of these lamellas is seen in fig.2.

Fig.2. Lamella

The lamellas were rotated and lined up to overlap and
the lower-upper covers and slats were added to the
model. Computer generated of the model, is seen in
Fig.3.

Fig.3. Current Model

The heat exchanger, which will be simulated by the
computer, has a geometry that repeats itself
periodically. For this reason, the simulation of only one
of the repeated shapes and the whole will give the same
result.

Because geometry is made up of complex and small
units, the mesh network to be created on the whole
model will be extremely complex and the processing
power required for computer simulation will be at a
very high level. For this reason, apart from not being
able with existing devices, it will cause an unnecessary
waste of process.

One of the pieces which geometry is divided
periodically is examined. Periodic region is seen in
fig.4.
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Fig.4. One of The Periodic Piece

The relevant flow area, where hot and cold air pass
through the periodic zone, has been added and mesh
networking has been started in order to make computer
simulation. Images can be seen from the established
mesh network in Fig.5. The established mesh network
was prepared through the mesh module owned by the
Ansys program.

Fig. 5. View of Mesh Network

The details and features of the established mesh
network are seen in fig.6.

Details of "Mesh"
[=I| Display
Display Style Use Geometry Setting
[=I| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
P Element Size 10, mm
Export Format Standard
Export Preview Surface Mesh | Mo
[=1| Sizing
Use Adaptive Sizing Mo
Growth Rate Default (1,2)
Max Size Drefault (20, mm)
Mesh Defeaturing Yes
Defeature Size Default (5, 2-002 mm)
Capture Curvature Yes
Curvature Min Size Default (2,1 mm)
Curvature Normal Angle | Default (18,7}
Capture Proximity Yes
Proximity Min Size Default (0,1 mm}
P Mum Cells Across Gap 1
Proximity Size Function Sou... Faces and Edges
Eounding Box Diagonal 300,85 mm
Average Surface Area 357,35 mm*
Minimum Edge Length 0,5 mm
[=I| Quality
Check Mesh Quality Yes, Errors
Target Skewness 08
Smoothing Medium
Mesh Metric Element Quality
P Min 4,9516e-002
P Max 1,
P Average 0,83672
P Standard Deviation 8,2991e-002
=] Inflation
Use Automatic Inflation Mone
Inflation Option Smooth Transition
Transition Ratio 0,272
Maximum Layers 5
Growth Rate 1,2
Inflation Algorithm Pre
View Advanced Options Mo
[=I| Assembly Meshing
Method Mone
[=I| Advanced
Mumber of CPUs for Parallel... 4
Straight Sided Elements
Rigid Body Behavior Dimensionally Reduced
Triangle Surface Mesher Program Controlled
Topology Checking Yes
Pinch Tolerance Default (%, e-002 mm)
Generate Pinch on Refresh | Mo
satistis |
P Modes 6500042
P! Elements 33184738
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Fig.6. Mesh Details

The mesh network has been transferred to the Fluent
Module of the ANSYS program and the energy option
has been switched from off to on for the Fluent module
is requested to include thermal data in the simulation.
The mathematic model was selected as k-epsilon model
realizable, Near Wall treatment: Standard Wall
Function [9] [10]. For material information, fluid as air
and solid as aluminum were defined. Inlet, outlet
(pressure outlet), wall and symmetry are defined, and
air speed is calculated by dividing the total flow rate
into the inlet surface area of the heat exchanger; 6.9m/s.
Turbulent intensity: 5%, turbulent viscosity ratio: 10%
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[11]. By entering the input temperatures of the air, the
computer was simulated through the module. The
temperature distribution obtained as a result of this
process is located at Fig.7. The results are consistent
with the values provided by the manufacturer.
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Fig.7. Temperature Distribution

While creating new models, the exterior dimensions,
exterior geometric forms and lamella ranges of the
models remained the same. These changes are to
change the protrusions on the conical lamellae in the
current model to be cylinder, rectangular prism and
hexagonal prism. View of periodic regions of the
generated models is seen in Fig.8.

Fig.8. Periodic Region Views of Models

Computer simulation operations of all models were
performed using the same method as the current model.
Obtained temperature distribution is seen in Fig.9.

B it sy~

I11. RESULTS
The temperature values obtained as a result of computer
simulation are in the table 1.

Table 1. Temperature Values Obtained as a Result of

Simulation

Current  Cylinder Rectangle Hexagon

Model Model Model Model
Air Flow 800 800 800 800

(m3/h)

Tei (°C) 32 32 32 32
Tfi (°C) 21,6 21,6 21,6 21,6
Tfo (°C) 26,9 27,3 27,3 27,2

Thermal Efficiency = (Tgo — Tpi)/ (Tei — Tri)[12]
1)

Tfo, Tfi and Tei are the inlet and output temperatures
for the relevant locations of the air. Temperature values
in"°C".

Tfo: Fresh air outlet temperature

Tfi: Fresh air inlet temperature

Tei: Exhaust air inlet temperature [12]

Thermal efficiency values calculated by equation 1 are
shown in table 2.

Table 2. Comparison of Thermal Efficiency Values

Current Cylinder Rectangle Hexagon
Model Model Model Model
Air Flow 800 800 800 800
(m3/h)
Tei (°C) 32 32 32 32
Tfi (°C) 21,6 21,6 21,6 21,6
Tfo (°C) 26,9 27,3 27,3 27,2
Thermal 51 55 55 54
Efficiency
(%)

8

Fig.9. Temperature Distribution of Models
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IV. CONCLUSION

As energy consumption is increasing in line with
increasing population and technological developments,
the importance of energy efficiency, which has great
importance, will increase day by day. Depending on
population growth, technological developments and
global warming, the increasing use of air conditioning
processes will increase energy consumption in this
regard day by day.

This study has provided us to obtain important
information about energy efficiency and computer
simulations in the field of air conditioning systems.

Looking at the numerical working results, the new
models that have been created have increased the
thermal efficiency compared to the current model. The
cylinder and rectangular model increased by 4%, while
the hexagonal model increased by 3%. Increasing
thermal efficiency means that increasing heat being
gained so this is desired situation. However, the new
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models have structures that make air passage difficult,
they need to be checked before they can be
implemented.

The computed results of the numerical work for the
current model match the data provided by the
manufacturer. This situation confirms the numerical
working method. For this reason, the numerical
working method can be use in determining the new
models to be created in the future.
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