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Merkezi Klima Santrallerindeki Plakal Difiizorlerin
Akis Alanina ve Basing¢ Diisiimiine Etkisinin Sayisal
incelenmesi

Kerim Sénmez", Yiicel Ozmen?

0Z

Merkezi havalandirma ve iklimlendirme santrallerinde yer alan ¢esitli fanlarin hava tifleme kisminin bo-
yutlari, santraldeki fan hiicresinden sonra gelen, susturucu, 1sitma/sogutma tiniteleri, karisim hiicresi/odast,
181 geri kazanim tniteleri veya filtre vb. klima santrali tinitelerinin kesit boyutlarindan oldukea kiigiiktiir.
Klima santralinin daha etkin ¢alisabilmesi i¢in, fandan ¢ikan havanin sonraki hiicrelere miimkiin olan en az
basing diigiimii ve en diizgiin (homojen) hiz dagilimi ile yayilmasi gerekmektedir. Fanin tifleme agzindan
¢ikan havay1 santral igerisinde yer alan daha biiyiik bir kesit alanina yaymak i¢in igerisinde delikli difiizor-
ler bulunan bos hiicreler kullanilmaktadir. Bu ¢aligmada, delikli plakalara sahip difiizorlii bos hiicre durumu
incelenmistir. Delik geometrisi ticgen ve altigen olarak tasarlanmis ve sirasiyla tekli plaka, arka arkaya
yerlestirilmis ikili plaka ve {iclii plaka belirlenmistir. Arka arkaya yerlestirilen plakalarin delikleri asimetrik
olarak diizenlenmistir. Tasarlanan delikli plaka diftizérleri 5 m/s, 10 m/s ve 15 m/s seklinde ti¢ farkli hizda
denenmis ve difiizérler daralmanin bittigi alana yerlestirilmistir. Yerlestirilen difiizérler i¢in havanin bos
hiicredeki akis dagilimi ve delikli difiizore sahip bos hiicreden kaynaklanan basing diisiimii sayisal olarak
incelenmistir. Calisma sonucunda en diisiik basing diistimii 5 m/s akis hizinda tekli altigen delikli diiz pla-
kal1 difiizorde saglanmistir. En yiiksek basing diisimii ise 15 m/s akis hizinda tiglii tiggen delikli diiz plakali
diftizorde elde edilmistir. Homojen hiz dagilimi agisindan en uygun durum, 15 m/s akis hizinda ikili altigen
delikli diiz plakali difiizérde, en olumsuz durum ise yine 15 m/s akis hizinda ti¢lii tiggen delikli diiz plakali
diftizorde olusmustur.

Anahtar Kelimeler: Klima santrali, hesaplamali akigkanlar dinamigi (HAD), delikli diftizor,plakal difii-
z0r, basing diistimii

Numerical Investigation of the Effects of Plate Diffusers in
Central Air Handling Units on Flow Field and Pressure Drop

ABSTRACT

The cross-sectional area of the blowing nozzles of various fans in the central ventilation and air conditioning
plants, after the fan in the plant, silencer, heating / cooling units, mixing room, heat recovery units or filter,
etc. is considerably smaller than the cross-sectional area of the cells. In order for the air handling unit
to operate more effectively, the air leaving the fan must be spread to the subsequent cells with the least
possible pressure drop and the most homogeneous velocity distribution. Empty cells with a perforated
diffuser are used to spread the air exiting the blower of the fan to a larger cross-sectional area. In this study,
the case of empty cells with diffusers with perforated plates was investigated. The holes geometries were
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designed as triangle and hexagon and respectively, single plate, double plate placed back to back and triple
plate were determined. The holes of the plates placed one behind the other are arranged asymmetrically.
The designed perforated plate diffusers were tested at three different velocities as 5 m/s, 10 m/s and 15 m/s,
and the diffusers were placed in the area where the contraction ended. For the installed diffusers, the flow
distribution of the air in the empty cell and the pressure drop caused by the empty cell with a perforated
diffuser were numerically investigated. As a result of the study, the lowest pressure drop was achieved in
a single hexagonal perforated flat plate diffuser at flow velocity of 5 m/s. The highest pressure drop was
obtained in a triple triangular perforated flat plate diffuser at flow velocity of 15 m/s. The most favorable
situation in terms of homogeneous velocity distribution occurred in the double hexagonal perforated flat
plate diffuser at flow velocity of 15 m/s, and the most unfavorable situation occurred in the triple triangular
perforated flat plate diffuser at flow velocity of 15 m/s.

Keywords: Air handling unit, computational fluid dynamic (CFD), perforated diffuser, plate diffuser, pressure drop
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EXTENDED ENGLISH ABSTRACT ARRANGEMENT

Introduction

The flow rates of the air in the outlet sections of the fans used for suction or blowing in air handling units are
between 8-15 m/s. The velocity distributions of the air flow in the duct differ from the velocity distributions
that occur in a fully developed turbulent flow [1]. For this reason, in order to obtain fully developed turbu-
lent flow, an empty duct area with a perforated diffuser or an air handling unit section with sufficient length
are used after the fan in the air handling unit. When a system that will bring the air to a homogeneous flow
state is not used; Air blown from the fan can only come into contact with a certain area of the units such as
silencer, heat recovery units, filter, mixing room heating/cooling coils etc. This situation greatly reduces
the operating efficiency of air handling units. In order to keep the working efficiency at the desired level,
empty cells with a length of approximately 0.8 to 1.5 times the impeller diameter of the fan inside the plant
are used. The diffuser made of perforated metal sheet improves the air distribution after the outlet part of
the blowing area of the fan [2].

In the case of using an empty blowing unit with a perforated diffuser, it enables air to pass through all the
surfaces of the units in the air handling unit with a homogeneous distribution which also increases the
working efficiency of air conditioning system and reduces pressure loss inside the air handling unit [3, 4].
It is extremely important to reduce the losses due to the pressure drop in the power plant and to distribute
the air in the duct from the fan unit to the next air conditioner cells as smoothly as possible in terms of
energy efficiency.

In this study, flow distribution and pressure drop were investigated for an empty cell with diffuser with
perforated plates. The hole geometry was designed as triangular and hexagonal, and single plate, back-to-
back double plate and triple plate were analyzed, respectively. The holes of the plates placed one after the
other are arranged asymmetrically. The designed perforated plate diffusers were tested at three different
flow speeds as 5 m/s, 10 m/s and 15 m/s, and the diffusers were placed in the area where the contraction
ends. For the diffusers placed, the flow distribution of the air in the empty cell and the pressure drop due to
the empty cell with the perforated diffuser were numerically investigated.

Objectives/ Research Purpose

There are different studies available in the literature on air flow inside the air handling unit. Numerical
studies are mostly preferred to examine the flow region [5]. In numerical studies, extremely successful
results are obtained by using Computational Fluid Dynamics (CFD) [6]. Fletcher et al. In a study by [7], the
advantages of using numerical methods to examine the flow region were stated.

Sahin and Ward-Smith [8] determined the static pressure distributions on the diffuser surface for different
diffuser angles and revealed that the flow at the outlet of the diffuser was irregular. Chung and Hsu [9] de-
termined the air supply efficiency with the diffusers placed at the inlet and outlet positions, using the CO,
values they measured at two different air speeds. They revealed that the air supply efficiency is affected by
the position of the diffuser. Kuas and Baskaya [10], by designing a space with people and some objects in an
office room, examined the distribution of air conditioning air in the room by changing the diffuser positions
in the room. They determined the effects of the objects in the office room on the air movement and the com-
fort conditions for the people in the office. Zhou et al. [11] numerically investigated the effect of different
locations of diffusers on ventilation in an office room with people in it, for parameters such as seasonal
operating conditions, intake air ratio, indoor air temperature and air flow rate. Wang and Pepper [12] inves-
tigated the ventilation effect numerically and experimentally by modeling a room with eight vortex diffusers
in their study. In the numerical part of the study, the temperature and velocity distributions in the room were
calculated using the k-¢ turbulence model. They stated that the numerical results were in agreement with the
experimental data. Quian et al. [13] investigated the ventilation performance of the diffusers in the room
experimentally and numerically by using two thermal dummies in the quarantine room of a hospital. In the
results of working, they determined the diffuser positions that would prevent the circulation of the infected
air originating from the patients in the room. Zhang et al. [14] numerically investigated the performance of
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four different diffusers, namely grid diffuser, floor perforated panel diffuser, quarter circular hole diffuser
and swirl diffuser, by changing the air velocity and air temperature parameters. They revealed that the floor
perforated panel diffuser and the quarter circular perforated diffuser are more homogeneous and stable for
the discharge flows. Ascione and Minichiello [15] numerically investigated the effect of rotating and flat
diffusers in the exhibition room of a museum on ventilation. Better flow performance has been achieved with
rotating diffusers. Lim et al. [16], in their study examining the effect of air density, spread characterization
and location of diffusers on the spread of the virus in a hospital where individuals with SARS disease are
present, stated that the risk of transmission of infection increases as the density of the emitted air increases.
Balocco and Lio [17] investigated the propagation movement of air, air velocity and particle distribution in
the flow area of a hospital quarantine room with three-dimensional numerical analysis. Considering the posi-
tion of the patients in the room and the infected air generated during coughing and sneezing, they determined
the most suitable diffuser position to evacuate the infected air from the room. Martinez-Almansa et al. [18]
investigated the effect of fins in a conventional diffuser they modeled on the flow and pressure distribution
in a room numerically and experimentally. They showed that the numerical results are in good agreement
with the experimental data. Cuhadaroglu et al. [19], in their study numerically examining the effects of
slot diffuser with different blade angles on the distribution of air in a room, stated that as the blade angle
increases, the air spreads more into the room. Erdogan et al. [20], in their study numerically examining the
pressure drop and flow structure in an empty cell with a truncated pyramid geometry, showed that the flow
distribution in the outlet section is more homogeneous with increasing porosity and taper angle. Koskela
and Maula [21] investigated the flow field around the eddy diffuser under heating and cooling conditions
with SST k- and k-¢ turbulence models and stated that the results of both models were close to each other.
Sénmez [22] numerically investigated the flow distribution and pressure drop in the empty cell of the air
handling unit by designing a diffuser with a truncated cone profile. In the study where three different hole
geometries were tried, the lowest pressure drop was obtained in the square hole profile. In addition, the most
homogeneous flow distribution is provided in the concave truncated cone profile with a 60° conical square
hole geometry. Kamer et al. [23] numerically investigated the effects of the cross-section expansion provided
in the empty cell in the air handling unit and the diffuser placed at the inlet section of the air handling unit
on the pressure drop and flow structure. They stated that the pressure drop decreased with the increase of the
pyramid height in the diffuser used. Park et al. [24] investigated the ventilation function and economic feasi-
bility of a ventilation system with a combined air diffuser in which the exhaust air opening and the supply air
opening are combined into a single module. They stated that the duct length was reduced by approximately
68 % in the combined system compared to the conventional ventilation system. Meslem et al. [25] compared
the innovative diffuser and the vortex diffuser with the same operating conditions in their study using the
particle imaging velocity measurement (PIV) method. They revealed that the Coanda Effect and the jet effect
disappear rapidly near the diffuser outlet in the vortex diffuser. Cetin et al. [26] investigated the distribution
of fine particles in a closed environment in different input-output configurations experimentally and nume-
rically. They stated that both the inlet and outlet locations have a strong influence on the performance of the
ventilation system. Raphe et al. [27] developed a mixed method to reveal the true efficiency of perforated
diffusers with different hole geometries. They used an office room for full-scale experiments and validation
of numerical simulations. They have obtained that the required air flow and energy consumption for the
systems in which the perforated diffuser is used are reduced by up to 18.4 % and a more homogeneous air
distribution is achieved in a non-uniform hole pattern. Vasic et al. [28] investigated the effect of different ge-
ometries of equalizer elements in a side inlet plenum box on the symmetry of the jet and the flow distribution
along the four-sided square ceiling diffuser. They revealed that the room ventilated from the diffuser outlet
provides a better homogeneity in the air discharge. Kamer et al. [29] obtained pressure losses for different
air velocities in air handling units in their numerical and experimental studies using an empty cell with a
perforated V profile diffuser. They revealed that the experimental results they obtained were confirmed by
the results of the numerical study.

In the literature, it is seen that plate diffusers with triangular and hexagonal holes are not used in the empty
cell. In this study, flow distribution and pressure parameters of triangular and hexagonal diffusers were
obtained.

Methods/ Methodology
In the study, diffusers with triangular and hexagonal perforated plates were used. Plates were analyzed as
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single plate, back-to-back double plate and triple plate. The distance between the plates placed one after
the other was 5 mm and the holes were plated asymmetrically. The designed perforated plate diffusers were
placed from the part where the fan blowing part narrowed and were numerically examined for three diffe-
rent flow speeds as 5 m/s, 10 m/s and 15 m/s. For the diffusers placed, the flow distribution of the air in the
empty cell and the pressure drop due to the empty cell with the perforated diffuser are obtained.

The empty cell geometry of the plate-hole diffuser used in numerical analysis is shown in Figure 1. The
geometries of the plates placed one after the other for all the perforated diffusers used in analyzes are given
in Figure 2. Numerical analyzes were performed for different types of geometries and different flow rates.

The cross-section of the empty cell unit in the air handling unit is 244 mm x 244 mm, and the cross-section
depth of the empty cell is 1952 mm. The cross-section dimensions of the air handling unit empty cubicle
unit where the air coming from the fan enters have a length of 45 mm and a width of 244 mm x 280 mm.
The cross-sectional dimensions of the entrance area of the diffuser in the empty cell unit were designed
by mounting from a 244 mm x 280 mm cross-section to a 244 mm x 244 mm cross-section. Number of
diffusers for plate type; single, double and triple. It is arranged in such a way that there is a gap of 5 mm
between the diffusers placed one after the other. The technical specifications of the designed air handling
unit are shown in Figure 3. For the designed diffusers, the diffuser hole geometry has been determined as
triangular and hexagonal (Figure 4).

In the current study, air flow analyzes were performed for the designed geometries using the ANSYS-
FLUENT 18.1 software. The growth rate of the network structure used in analyzes was determined as less
than 1.2 (grow rate). In the existing solutions, the average maximum skewness ratio for the diffuser is 0.83
and the average minimum vertical skewness value is calculated as 0.205 (Table 2). The mesh structure is
shown in Figure 5.

Results/ Findings

According to the results obtained in the study for the designed perforated flat plate diffuser, the pressure
loss value increases as the number of diffusers increases. In all the diffuser geometries examined, the pres-
sure drop values increase as the air velocity increases. According to the analysis results, the pressure drop of
flat plate diffusers with hexagonal holes is lower than those of flat plate diffusers with triangular holes. The
lowest pressure drop was achieved in a flat plate diffuser with a single hexagonal hole at an air velocity of 5
m/s. The highest pressure drop occurred in the flat plate diffuser with triple triangular holes at an air speed
of 15 m/s (Table 2). Figure 6, Figure 7 and Figure 8 show the changes in pressure loss values according to
air velocity. When the single, double and triple hole plates for 0 mm are examined in Figures 6 and 7, low
pressure drops were obtained at low air flow rates in both figures. In Figure 8 comparison table, the lowest
pressure drop was obtained at all air velocities for the 0 mm hexagonal single plate diffuser.

In this study, in which flat plate diffusers were used, pressure drop values and planar velocity distributions
were obtained at different flow rates for triangular and hexagonal perforated diffusers. According to the
results obtained;

« In all flat diffuser geometries examined, the pressure loss value increases as the number of diffusers
increases.

« For all the diffuser geometries examined, the pressure drop value increases as the speed increases.

In all the diffuser geometries examined, the pressure drop of the hexagonal hole flat plate diffusers is
lower than the triangular hole flat plate diffusers.

* The lowest pressure drop was achieved in the single hexagonal hole flat plate diffuser at an air velocity
of 5 m/s.

* The highest pressure drop occurred in the flat plate diffuser with triple triangular holes at an air speed of
15 m/s.

The velocity distribution image closest to the homogeneous distribution is obtained at an air speed of 15
m/s in a double hexagonal hole flat plate diffuser.

» The image of the velocity distribution furthest from the homogeneous distribution was formed at an air
velocity of 15 m/s in a flat plate diffuser with triple triangular holes.
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1. GIRIS

Klima santrallerinde emme islemi icin veya tifleme islemi i¢in kullanilan fanlarinin
cikig kesitlerindeki havanin akig hizlari 8-15 m/s arasindadir. Kanal igindeki hava
akiginin hiz dagilimlart tam gelismis bir tiirbiilanshi akista olusan hiz dagilimlarina
gore farklilik gostermektedir [1]. Bu nedenle, klima santralindeki fandan sonra arada
tam gelismis tiirbiilansh akisi saglayacak uzunluga sahip santral kismi veya delikli
difiizore sahip bir bos kanal alani kullanilmaktadir. Havay1r homojen akis durumuna
getirecek bir sistem kullanilmadiginda; fandan iiflenen hava fan hiicresinden sonra
bulunan susturucu, 1s1 geri kazanim {initeleri, filtre, karisim odast 1sitma/sogutma ba-
taryalar1 vb. tnitelerin sadece belirli bir alani ile temas edebilmektedir. Bu durum
ise klima santrallerinin ¢alisma etkinliklerini biiyiik oranda azaltmaktadir. Calisma
etkinligini istenen diizeyde tutabilmek amaciyla fanin tifleme alaninin ¢ikig kismindan
sonraki hava yayilimini iyilestiren delikli metal sacdan imal edilmis difiizoriin i¢inde
yer aldig1 ve santral i¢indeki fanin ¢ark ¢apinin yaklasik olarak 0.8 ile 1.5 kati1 arasin-
daki bir uzunluga sahip bos hiicreler kullanilmaktadir [2]. Delikli difiizére sahip bir
bos tifleme tinitesinin kullanilmasi durumunda, klima santralindeki Gnitelerin biitiin
yiizeylerinden havanin homojen bir dagilimla gegmesi, klima sisteminin ¢alisma veri-
minin artmast ve klima santrali i¢i basin kaybinin azalmasi miimkiin olmaktadir [3,4].
Santral i¢inde olusan basing diisiisiinden kaynakli olarak kayiplarin azaltilmasi ve
kanal i¢indeki havanin fandan tinitesinden bir sonraki klima hiicrelerine miimkiin ol-
dugunca diizgiin olarak dagilmasi enerji verimliligi bakimindan son derece 6nemlidir.

Klima santrali i¢i hava akisi konusunda literatiirde mevcut farkli ¢aligsmalar bulun-
maktadir. Sayisal ¢aligmalar cogunlukla akis bolgesini incelemek igin tercih edilmek-
tedir [S]. Sayisal ¢alismalarda, Hesaplamali Akiskanlar Dinamigi (HAD) kullanila-
rak son derece basarili sonuglar elde edilmektedir [6]. Fletcher ve ark. [7] tarafindan
yapilan bir ¢alismada, sayisal yontemlerin akis bolgesini incelemek amaciyla tercih
edilmesinin sagladig1 avantajlar belirtilmistir.

Bu ¢alismada, delikli plakalara sahip difiizorlii bos hiicre i¢in akig dagilimi ve basing
diistimii incelenmistir. Delik geometrisi tiggen ve altigen olarak tasarlanmis ve sira-
styla tekli plaka, arka arkaya yerlestirilmis ikili plaka ve ti¢lii plaka belirlenmistir.
Arka arkaya yerlestirilen plakalarin delikleri asimetrik olarak diizenlenmistir. Tasarla-
nan delikli plaka diftizérler 5 m/s, 10 m/s ve 15 m/s seklinde ti¢ farkli hizda denenmis
ve difiizorler daralmanin bittigi alana yerlestirilmistir. Yerlestirilen diftizérler igin ha-
vanin bos hiicredeki akig dagilim1 ve delikli difiizore sahip bos hiicreden kaynaklanan
basing diisiimii sayisal olarak incelenmistir.

Sahin ve Ward-Smith [8], bir klima santralindeki fan agzinin ¢ikis kisminda deliksiz
diftizor kullanarak akig alanini inceledikleri sayisal caligmalarinda, difiizor yiizeyinde
olusan statik basing dagilimlarini farkl difiizor agilari icin belirlemisler ve difiizortin
cikis kismindaki akisin diizensiz oldugunu ortaya koymuslardir. Chung ve Hsu [9],
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farkli konumlara yerlestirilen difiizorlerde hava saglama verimliligini sayisal ve de-
neysel olarak inceledikleri ¢alismalarinda, giris ve ¢ikis konumlarina yerlestirdikleri
diftizorlerle, hava saglama verimini, iki farkli hava hizinda dl¢tiikleri CO, degerlerini
kullanilarak belirlemislerdir. Hava saglama veriminin, difiizoriin yerlestirildigi ko-
numdan etkilendigini ortaya koymuslardir. Kuas ve Baskaya [10], bir ofis odas1 iginde
insanlarin ve bazi nesnelerin oldugu bir mekan tasarlayarak, iklimlendirme havasinin
oda i¢indeki dagilimini oda i¢indeki difiizér konumlarini degistirilerek incelemisler-
dir. Ofis odasi i¢inde yer alan nesnelerin hava hareketi iizerindeki etkilerini ve ofis
igesinde bulunan insanlar i¢in konfor sartlarini belirlemislerdir. Zhou ve ark. [11],
icerisinde insanlarin bulundugu bir ofis odasindaki difiizérlerin farkli konumlarinin
havalandirma tizerindeki etkisini, mevsimsel calisma kosullari, giris hava orani, i¢
mekan hava sicaklig1 ve hava akis hizi gibi parametreler igin sayisal olarak arastiril-
mislardir. Wang ve Pepper [12], ¢alismalarinda sekiz adet girdap diflizoriin yer aldigi
bir oday1r modelleyerek, havalandirma etkisini sayisal ve deneysel olarak incelemis-
lerdir. Calismanin sayisal kisminda, oda igerisindeki sicaklik ve hiz dagilimlarini k- €
tiirbiilans modelini kullanarak hesaplamislardir. Sayisal sonuglarin, deneysel verilerle
uyumlu oldugunu belirtmiglerdir. Quian ve ark. [13], bir hastanenin karantina odast
icinde yer alan iki termal mankeni kullanilarak oda icerisindeki difiizorlerin havalan-
dirma performansini deneysel ve sayisal olarak incelemislerdir. Calisma sonucunda;
hastalardan kaynaklanan viriislii havanin, odadaki sirkiilasyonu engelleyecek difiizor
konumlarimni belirlemislerdir. Zhang ve ark. [14], tasarladiklar1 1zgara difiizor, zemin
delikli panel difiizor, ¢ceyrek dairesel delikli difiizor ve girdapl diftizor seklindeki dort
farkli difizériin performansini hava hizi ve hava sicakligi parametlerini degistirerek
sayisal olarak incelemisler ve zemin delikli panel difiizoriin ve ¢eyrek dairesel delikli
difiizoriin tahliye akislar i¢in daha homojen ve kararli oldugunu ortaya koymuslar-
dir. Ascione ve Minichiello [15], bir miizenin sergi odasinda yer alan donen ve diiz
difiizorlerin havalandirma iizerindeki etkisini sayisal olarak incelemisler ve donen di-
fiizorlerde daha iyi akis performansi elde edilmistir. Lim ve ark. [16], SARS hastalig1
olan bireylerin bulundugu bir hastanede hava yogunlugunun, yayilim karakterizasyo-
nunun ve diftizorlerin konumunun viriistin yayilimi tizerindeki etkisini inceledikleri
calismalarinda, yayilan havanin yogunlugu arttik¢a enfeksiyonun bulagma riskinin de
arttigin1 belirtmislerdir. Balocco ve Lio [17], bir hastanenin karantina odasindaki akis
alaninda havanin yayilim hareketini, hava hizini ve partikiil dagilimini ii¢ boyutlu sa-
yisal analizle incelemislerdir. Hastalarin oda igerisindeki konumlarini ve dksiirme ve
hapsirma esnasinda olusan enfeksiyonlu havay: dikkate alarak enfeksiyonlu havanin
odadan tahliye edilmesi i¢in en uygun difiizor konumunu belirlemislerdir. Martinez-
Almansa ve ark. [18], modelledikleri konvansiyonel bir difiizordeki kanatciklarin bir
oda igerisindeki akis ve basing dagilimina etkisini sayisal ve deneysel olarak incele-
misler ve sayisal sonuglarin deneysel verilerle uyumlu oldugunu gdstermisglerdir. Cu-
hadaroglu ve ark. [19], farkli kanat agilarina sahip slot diftizoriin bir odadaki havanin
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dagilimima etkilerini sayisal olarak inceledikleri calismalarinda, kanat agist arttikca
havanin odaya daha fazla yayildigimi belirtmislerdir. Erdogan ve ark. [20], kesik pi-
ramit geometriye sahip difiizorlii bir bos hiicredeki basing diigiimiinii ve akis yapisini
sayisal olarak inceledikleri caligmalarinda, porozite ve koniklik a¢isinin artmastyla ¢1-
kis kesitindeki akis dagiliminin daha homojen oldugunu ortaya koymuslardir. Koskela
ve Maula [21], girdap diflizorii etrafindaki akis alanini 1sitma ve sogutma kosullarinda
SST k-o ve k- ¢ tlirbiilans modelleri ile incelemisler ve her iki modele ait sonuglarin
birbirine yakin oldugunu belirtmiglerdir. Sonmez [22], kesik koni profilli bir difiizér
tasarlayarak klima santralinin bos hiicresindeki akis dagilimini ve basing diisiimiinii
sayisal olarak incelemistir. Ug farkli delik geometrisinin denendigi calismada, en dii-
stik basing diigiimi kare delikli profilde elde etmistir. Ayrica en homojen akis dagilimi
60° koniklikte kare delik geometrisine sahip i¢biikey kesik koni profilde saglanmistir.
Kamer ve ark. [23], klima santralindeki bos hiicrede saglanan kesit genislemesinin ve
santralin girig kesitine yerlestirilen diflizoriin basing diisiimii ve akig yapisi lizerin-
deki etkisini sayisal olarak incelemislerdir. Kullanilan difiizérde piramit yiiksekligi-
nin artmastyla basing diistimiiniin azaldigin1 belirtmislerdir. Park ve ark. [24], egzoz
havasi agiklig1 ve besleme havasi agikliginin tek bir modiil halinde birlestirildigi bir
kombine hava diflizoriine sahip havalandirma sisteminin, havalandirma fonksiyonu
ve ekonomik fizibilitesi incelemislerdir. Geleneksel havalandirma sistemine kiyasla
kombine sistemde kanal uzunlugunun yaklasik % 68 azaldigimi belirtmislerdir. Mes-
lem ve ark. [25], parcacik goriintiileme ile hiz 6lgtimii (PIV) yontemini kullandiklari
calismalarinda, ayni calisma kosullarina sahip yenilik¢i difiizor ile girdap difiizorii
karsilagtirmislar ve girdap difiizorde koanda etkisinin ve jet etkisinin difiizér ¢ikisinin
yakininda hizlica yok oldugunu ortaya koymuslardir. Cetin ve ark. [26], kapali bir
ortamda farkl girig-¢ikis konfiglirasyonlarinda ince pargaciklarin dagilimini deneysel
ve sayisal incelemislerdir. Hem giris hem de ¢ikis konumlarinin havalandirma siste-
minin performansi tizerinde giiglii bir etkiye sahip oldugunu belirtmislerdir. Raphe
ve ark. [27], farkl1 delik geometrilerine sahip delikli difiizorlerin gercek verimliligini
degerlendirmek i¢in karma deneysel-sayisal bir yontem gelistirdikleri ¢aligmalarinda
tam Olgekli deneyler ve sayisal simiilasyonlarin dogrulanmasi igin bir ofis odasi kul-
lanmislardir. Delikli difiizorin kullanildig: sistemler icin gerekli hava akist ve enerji
tiiketiminin %18,4’e varan oranda azaldig1 ve iiniform olmayan bir delik modelinde
daha homojen bir hava dagilimimin saglandigi elde etmislerdir. Vasic ve ark. [28], yan-
dan giris baglantili plenum kutusundaki esitleme elemanlarmin farkli geometrilerinin
jetin simetrisi ve dort kenarli kare tavan difiizorii boyunca akis dagilimi tizerindeki
etkisini arastirdiklart ¢alismalarinda difiizoér ¢ikisindan havalandirilan odanin hava
tahliyesinde daha iyi bir homojenlik sagladigini ortaya koymuslardir. Kamer ve ark.
[29], delikli V profilli difiizorlii bos hiicre kullanarak yaptiklari sayisal ve deneysel
calismalarinda klima santrallerindeki farkli hava hizlari i¢in basing kayiplarini elde
etmislerdir. Elde ettikleri deneysel sonuclarin sayisal tiirbiilans modeli sonuglari ile
dogrulandigi ortaya koymuslardir.
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2. YONTEM

Calismada, tiggen ve altigen delikli plakalara sahip difiizorler kullanilmistir. Plakalar,
tekli plaka, arka arkaya yerlestirilmis ikili plaka ve ii¢lii plaka seklinde denenmistir.
Arka arkaya yerlestirilen plakalarin arasindaki mesafe 5 mm olup, delikleri asimetrik
olarak olusturulmustur. Tasarlanan delikli plaka difiizorler fan iifleme kisminin daral-
dig1 kisimdan itibaren yerlestirilmis ve 5 m/s, 10 m/s ve 15 m/s seklinde ¢ farkli hiz
icin sayisal olarak incelenmistir. Yerlestirilen difiizorler i¢in havanin bos hiicredeki
akig dagilimi ve delikli difiizore sahip bos hiicreden kaynaklanan basing diisiimii elde
edilmistir.

2.1 Kesik Piramit Tip Difiizorlii Bos Hiicre Geometrisinin Modellenmesi

Sayisal analizlerde kullanilan plakali delikli difiizore ait bos hiicre geometrisi Sekil
1’de goriilmektedir. Analizlerde kullanilan tiim delikli diftizorler i¢in arka arkaya yer-

b) Santralin akis hacmi

Sekil 1. Klima Santrali Plakali Difiizérlii Bog Hucre
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lestirilmis plakalarin geometrileri ise Sekil 2°de verilmistir. Sayisal analizler farkl
tipteki geometriler ve farkli akis hizlari i¢in gergeklestirilmistir.

Bu ¢alismada, klima santralindeki bos hiicre {initesinin alan kesiti 244 mm x 244 mm,
bos hiicrenin kesit derinligi ise 1952 mm seklinde tasarlanmistir. Klima santrali bos
hiicre iinitesinin fandan gelen havanin girdigi kesit boyutlar1 45 mm uzunlugu ve 244
mm x 280 mm genislige sahiptir. Bos hiicre iinitesi i¢erisindeki difiizoriin giris alanin
kesit boyutlari, 244 mm x 280 mm’lik kesitten 244 mm x 244 mm’lik kesite daralma
seklinde monte edilerek tasarim yapilmistir. Plakali tip i¢in difiizor sayisi; tekli, ikili
ve liclii olarak belirlenmistir. Arka arkaya yerlestirilen diftizorlerin arasinda 5 mm
bosluk kalacak sekilde yerlesim yapilmistir. Sekil 3’te tasarlanan klima santralinin

Delikli Diiz Plaka Difiizor Delikli Dtz Plaka Diflizir

Hava Girisi

Hava Girigi

a) Tekli b) ikili

Delikli Diiz Plaka Difiizdr

¢) Uglii

Sekil 2. Bos Hiicrede Kullanilan Delikli Plaka Diftizérler
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1952

45

244

5 a) Sol goriiniis

244,00
244

"
X
VAN
7 N o ‘
| A%

¢) Ust goriiniis

b) Giris kesiti

Sekil 3. Delikli Diz Plakal Diftizdr ve Klima Santralindeki Bos Hiicrenin Geometrik Detaylari

teknik ozellikleri goriilmektedir. Tasarlanan difiizorler i¢in difiizér delik geometrisi
olarak {iggen ve altigen olarak belirlenmistir (Sekil 4).

2.2 Arastirma Parametreleri

Bu calismada, degisken parametre olarak difiizor sayist (tekli, ikili ve ti¢lii), difiizor
delik geometrisi (iiggen, altigen) ve hava hiz1 (5 m/s, 10 m/s ve 15 m/s) dikkate alin-
mistir.

Caligmada dikkate alinan sabit parametreler ise tiirbiilans modeli, duvar yaklasimi, ag
yapist, ¢arpiklik, ag sayisi, akigkan tipi, yer ¢ekimi ivmesi, ¢6ziim rejimi, ¢6ziim bas-
latma, difiizor yerlestirme mesafesi, liggen delikli difiizor porozitesi, altigen delikli
difizor porozitesi seklinde belirlenmistir. Tablo 1°de sabit parametreler goriilmekte-
dir.
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Amgan Frafil

Sekil 4. Delikli Diiz Plakal Difiizérler icin Delik Geometrisi

Tablo 1. Analizde Kullanilan Sabit Parametreler

Tiirblilans Modeli

k-g

Duvar Yaklagimi lyilestirilmis Duvar ifadesi
Ag Yapisi Body Sizing

Carpikhk 0.83 (Maksimum)

Ag Sayisi 8.047.779 (Ortalama)
Akiskan Tiri Hava

Yer Gekimi ivmesi 9,81 m/s?

Coziim Rejimi

Zaman Bagimsiz

Coziim Baslatma

Hibrit

Difiizér Yerlestirme Mesafesi

0 mm (Rediiksiyon bitme noktasindan itibaren)

Uggen Delikli Diftizor Porozitesi

0,49

Altigen Delikli Difiizor Porozitesi

0,52
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Mevcut calismada, tasarlanan geometriler i¢in ANSYS- FLUENT 18.1 programi kul-
lanilarak hava akig analizleri gergeklestirilmistir.

2.3 Ag Yapisi

Hesaplamalarda kullanilan ¢6ziim alani “curvature” elemanlardan olusmaktadir. De-
likli plaka tip difiizorde ortalama eleman sayis1 “8064463” olarak hesaplanmistir. Sa-
yisal analizlerde biiyiime orant hiicre sayisi {izerinde biiyiik bir etkiye sahiptir. Dogru
cozlimler gergeklestirmek i¢in bitylime oraninin 1.2’den (% 20) daha yiiksek olmama-
s1 gerekmektedir [30]. Bu nedenle, mevcut analizlerde kullanilan ag yapisinin biiyiime
orant 1,2’den kiiciik olarak sekilde belirlenmistir. Sayisal hesaplamalarda kullanilan
ag yapist ve eleman sayisinin yani sira maksimum g¢arpiklik ve minumum dikey ¢ar-
piklik ¢oziimiin dogrulugunu etkilemektedir. Maksimum ¢arpiklik degerinin 0,95’in
altinda ve minumum dikey ¢arpikligin 0,33’ten az oldugu degerlerde hesaplamalar
daha gercekei sonuglar vermektedir [30]. Mevcut ¢6ziimlerde, difiizor igin ortalama
maksimum carpiklik oran1 0,83 ve ortalama minumum dikey carpiklik degeri 0,205
olarak hesaplanmistir (Tablo 2). Akisin tiirblilansli olmast nedeniyle ¢oziimler, k-¢
tiirbiilans modeli kullanilarak gerceklestirilmistir. Ag yapis1 Sekil 5’te goriilmektedir.

Tablo 2. Tasarlanan Klima Santraline Ait Akis Hacminin Ag Sayilari

MesBl:)\I,EllﬁlTan Mesgag:::nan Maksim[;xemge(;riarplkllk Minimum Dikey Carpiklik
3mm 37117948 0,823 0,2035
4 mm 15736258 0,837 0,2048
5mm 8064463 0,83 0,205
6 mm 4722141 0,843 0,208
7. mm 2968974 0,91 0,211

Sekil 5. Klima Santrali i¢ Hacminin Ag Yapisi Goriintiis
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2.4 Hesaplamah Akiskanlar Mekanigi (HAD) Yontemi ve Matematiksel Model

Sikigtiritlamaz bir akigkanin {i¢ boyutlu siirekli hareketi kartezyen koordinatlarda,

[
o (pu) = 0 (1)
seklinde stireklilik denklemi ve

2 ouw) = —2P L 0| (0w %% 25 Oui\|l, 9 (_ o
6Xj (pulu]) - 0x{ + 6X]' H <6X]' + x4 3 61] 6Xi)] + 6}(]' ( pulu]) (2)

seklinde Navier-Stokes denklemleri ile ifade edilmektedir. Bu denklemlerde yer alan
calkant1 terimlerinin hesaplanmasina yonelik ¢cok sayida tiirblilans modeli mevcuttur
[31]. Bu calisma kapsaminda, Standard k-¢ tlirbiilans modeli ile ¢oziimler gergekles-
tirilmistir.

Launder ve Spalding tarafindan 6nerilen Standard k-¢ tiirbiilans modeli, kolay uygu-
lamas1 nedeniyle, giiniimiizde oldukca yaygin olarak kullanilmaktadir. Iki denkleme
sahip tlirbiilans modelleri i¢inde ekonomik olmasi ve ¢ogu akis probleminde kabul
edilebilir dogruluk veren bu agidan yaygin olarak kullanilan bir tiirbiilans modelidir.
Tiirbiilans kinetik enerjisi (k) ve tiirbililans yutulmasi (¢) i¢in ifade edilen iki adet
transport denklemin ¢6zliimii ve tiirbiilans viskozitesinin (1) hesabini icerir. Bu denk-
lemler i¢in kaldirma kuvveti ihmal edilmektedir. Yart ampirik bir model olan Standard
k-¢ tiirbiilans modeli, tiirbiilans kinetik enerjisi (k) ve tiirbiilans yutulma orani (),

a(pk) | dpkuy) _ 0 [( He
]

ok
at ax ox [T c_k) ax; + G+ Gp —pe— Yy + Sk 3)

a(pe) | d(peu) _ 0 1t 9 £ _ & 4
T = [(u +5) ax,-] + Cro s (Gi + CaeGp) — Cop =+ S, )

seklinde iki adet transport denklemden olugmaktadir.

Burada; G, , ortalama hiz gradyanina bagl tiirbiilans kinetik enerjisini, Gy, kaldirma
kuvvetine bagh tiirbiilans kinetik enerjisini, Cy;, C,. ve Cs, , model sabitlerini, o, ve
., k ve ¢ i¢in tiirbiilans Prandtl sayisini, S, ve S, , kaynak terimlerini ve Yy, tiirbtilans
hacim degisiminin toplam yayilim oranina katkisini ifade etmektedir. Denklemlerde
yer alan y,, tiirbiilans viskozitesi,

k2

Me = pCy— )
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seklinde tanimlanmaktadir. Model sabitleri C,. =1.44, C,.,=1.92, C, =0.09, 6, =1.0 ve
o, =1.3 seklindedir [32].

Coziimler i¢in FLUENT ticari yazilim1 kullanilmigtir. Analizde “Standard k-¢” tiirbii-
lans modeli kullanilmistir. Ayrica duvar yaklagimi olarak “Enhanced Wall Treatment”
tercih edilmistir. Hesaplamalarda yer ¢ekimi etkisi géz oniine alinmistir. Degiskenle-
rin ayriklagtirilmasinda First Order Upwind kullanilmistir.

Tirbiilansin en basit “tam modelleri”, iki ayr1 tagima denkleminin ¢dziimiiniin tiir-
biilans hiz ve uzunluk 6lgeklerinin bagimsiz olarak belirlenmesine izin verdigi iki
denklemli modellerdir. ANSYS FLUENT teki Standard k-& modeli bu model sinifina
girmektedir [32].

2.5 Smir Kosullar:

Klima santralindeki fan tinitesinden giren havanin bos iinite hiicresine girdigi 244
mm x 280 mm’lik alan i¢in “Velocity-Inlet (Hiz Girisi)’, santral icindeki havanin bos
hiicreden ¢iktig1 244 mm x 244 mm’lik kesit i¢in ‘Pressure-Outlet (Basing Cikist)’
ve klima santralinin i¢ yiizeyindeki diger tiim kanal yiizeyleri i¢in ‘Wall (Duvar)’
sinir kosulu belirlenmistir. “Velocity-Inlet (Hiz Girisi)’ sinir kosulu tanimlanan giris
kismindaki hizlar sirastyla 5 m/s, 10 m/s ve 15 m/s, ‘Pressure-Outlet (Basing Cikist)’
sinir kosulu tanimlanan ¢ikis kismindaki ¢ikis basinci ise 0 Pascal (Pa) olarak dikkate
alinmigtir. Hava i¢in 300 K sabit sicaklikta 9.81 m/s? sartlarinda ¢aligma yapilmustir.
Santral i¢indeki bos hiicrenin kanal duvarlar1 ve difiizoriin i¢in kullanilan malzemenin
yiizey piriizliiliikleri dl¢lilmemistir. Ancak haddelenmis yilizeylere sahip malzemeler
i¢in literatiirde yer alan piiriizliiliik degerlerine yakin bir deger secilmistir [33].

3. BULGULAR VE ANALIZ

3.1 Basing¢ Diisiim Degerleri

Bu ¢alismada tekli, ikili ve tiglii delikli diiz plakalara sahip difiizorler kullanilarak ba-
sing diigiimii ve akis yapisi sayisal olarak incelenmistir. Yapilan analizler sonucunda,
havanin giris kismindan ulasilan statik basing degerleri (PG), havanin ¢ikig kismindan
ulasilan statik basing degerlerinden (PC) cikarilarak basing diistim degerleri (AP =PG
- PC) hesaplanmustir. Tablo 3’te hesaplanan basing kayb1 sonuglari, Sekil 6, Sekil 7 ve
Sekil 8’de ise basing kaybi degerlerinin hava hizina gore degisimleri goriilmektedir.
0 mm i¢in tekli, ikili ve ti¢li delikli plakalar incelendiginde iki sekilde de diisiik hava
akis hizlarinda diisiik basing diisiimleri elde edilmistir (Sekil 6 ve Sekil 7). Sekil 8’de
0 mm altigen tekli plakali difiiz6r i¢in tiim hava hizlarinda en diisiik basing diigiimii
elde edilmistir.
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Tablo 3. Tekli, ikili ve Uclii Delikli Diiz Plaka Difiizériin Bos Hiicredeki Basing Degerleri

Hiz (m/s)

AP (Alan agirlikh

AP (Noktasal ort.)

ort.) (Pa) (Pa)
i . S 5 59,656 59,052
Tekli Uggen Delik Geometrili Difiizor
(10 mm ikiz kenar, 14.14 mm taban 10 231,3869 2291086
uzunlugu)
15 513,0906 508,1034
— . I 5 104,731 105,826
Ikili Uggen Delik Geometrili Difii-
26r(10 mm ikiz kenar, 14.14 mm taban 10 408,584 412,89
uzunlugu)
15 908,515 918,142
B e . I 5 146,933 148,2655
Uclii Ucgen Delik Geometrili Difiizér
(10 mm ikiz kenar, 14.14 mm taban 10 575,218 580,463
uzunlugu)
15 1280,656 1292,37
5 33,825 33.719
Tekli Altigen Delik Geometrili Difiizor
(4,38 mm kenar uzunlugu) 10 130,743 130,394
15 288,915 288,255
5 59,844 59,17
ikili Altigen Delik Geometrili Difiizor
(4,38 mm kenar uzunlugu) 10 232,079 229,052
15 513,835 508,231
5 89,448 90,9
Uglﬁ Altigen Delik Geometrili Difiizor
(4,38 mm kenar uzunlugu) 10 348,352 354,053
15 773,554 786,262

Tasarlanan delikli diiz plaka difiizor i¢in yapilan ¢alismada elde edilen sonuglara
gore difiizor sayis1 arttikca basing kaybi degeri de artmaktadir. Incelenen tiim difiizor
geometrilerinde, hava hiz1 arttik¢a basing diisiim degerleri de artmaktadir. Yapilan
analiz sonuglarina gore, altigen delikli diiz plaka difiizérlerin basing diisiimii iggen
delikli diiz plaka difiizorlere gore daha disiiktiir. En diisiik basing diisiimii tekli alti-
gen delikli diiz plakali difiizorde 5 m/s hava hizinda saglanmistir. En yiiksek basing
diistimii ise iiclii iggen delikli diiz plaka difiizérde 15 m/s hava hizinda olusmugtur

(Tablo 3).
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Basing Diisiim Tablosu Ucgen Delik Profili
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o
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—8— ikili 0 mm iicgen

I
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—a— (Uclii 0 mm iicgen

o]
8

o
o
~

9 IE 13 15

Hava Hizi (m/s)

Basing Dusumt (Pa)

Sekil 6. Uggen Delik Geometrili Delikli Diiz Plaka Diifiizériin Basing Diigim Degerleri

Basing Duistim Tablosu Altigen Delik Profili

—&—Tekli 0 mm Altigen

i

—@— ikili 0 mm Altigen

—e— Uclii 0 mm Altigen

Basing
8

13 15

7 9 11
Hava Hizi (m/s)

Sekil 7. Altigen Delik Geometrili Delikli Diiz Plaka Dufiizériin Basing Diigslim Degerleri

Tablo 4’te, Kamer ve ark.’nin klima satralinde kullandiklar1 difiizore ait basing diisiim
degerleri goriilmektedir. Bu tabloya gore en diisiik basing diistim degeri, 80° kanat
acisina sahip 60 mm yiikseklikteki piramit seklinde dort yandan kesik 45° geometrili
anemostat tip diflizérde elde edilmistir [23]. Literatiirdeki bu ¢alismada anemostat

Engineer and Machinery, vol. 63, no. 707, p. 333-358, April-June 2022 (349




Sonmez, K., Ozmen, Y.

KARSILASTIRMALI BASINC DUSUM
TABLOSU

——Tekli 0 mm liggen == ikili 0 mm licgen Uglii 0 mm (iggen

Tekli 0 mm Altigen == ikili 0 mm Altigen —@— Uclii 0 mm Altigen
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Sekil 8. Altigen ve Uggen Delik Geometrili Delikli Diiz Plaka Diifiizériin Karsilagtirmali
Basing Diistim Degerleri

Tablo 4. Bes Farkli Bos Hiicre Geometrisi igin Kanat Acisi 80° Olan ve Ug Farkli Yiikseklikteki
Anemostat igin Basing Diigiim Degerleri [23]

Statik Basing Diistimii, AP [Pa]
EcsliitizielieeiiGaniziomss| Diiz Anemostat | Piramit Anemostat | Piramit Anemostat

h=0mm h =30 mm h =60 mm

Ani geniglemeli kare geometri 151,66988 105,31599 92,97898
iki taraftan kesik 45° 147,92776 105,02868 87,94000

Dort taraftan kesik 45° 132,19112 96,6981 85,38096

iki taraftan kesik 15° 157,79015 126,66800 93,47932

Dért taraftan kesik 15° 175,48921 123,03607 88,66761

tip difiizor kullanilmas, kiitlesel debi 3,6162 kg/s hiz degeri ise 8.2 m/s olarak ger-
¢eklesmistir. Bu ¢aligsmada ise liggen ve altigen delik difiizorler kullanilarak 5, 10 ve
15 m/s hizlar i¢in ¢alisma yapilmistir. Mevcut ¢aligmada, yukarida belirtilen literatiir
calismasindaki verilere uyum saglama hedeflenmistir. Yapilan bu ¢alismada en diistik
basing digiimii tekli altigen delikli diiz plakali difiizérde 5 m/s hava hizinda saglan-
mistir.

Kamer ve ark. [23] tarafindan yapilan ¢alismadaki en iyi basi¢ diisiim degeri mevcut
calismada elde edilen en iyi basing diigiim degeri ile karsilastirmas: Sekil 9°da goriil-
mektedir. Her iki basing diisiim degeri karsilastirildiginda, mevcut ¢alismadan elde
edilen deger ¢ok daha diisiik olmaktadir.
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Difazor Tiplerinin Karsilastirilmasi

£5 38006

33,719

Basigg Dislimi (Pa)
o 8885828838

Tekli Alngen Delik Geometrili Plaka tip Diftizor
45" dort yandan kesik geometrili kesik piramit tip difiizér

Difiizar Tipi

Sekil 9. Mevcut Calismadan ve Literatiirdeki [23] Bir Calismadan Elde Edilen Basi¢ Disiistim
Degerlerinin Difiizor Tiplerine Gére Karsilastirimasi

3.2 Hiz Dagilimlar

Klima santralinin bos hiicresindeki akis yapisini belirlemek i¢in akig dagilimlari elde
edilmistir. On diizlemdeki (YZ diizlemi) gériintiiler difiizériin ¢ikis kismindan itiba-
ren 250 mm ve 500 mm mesafedeki istasyonlarda alinmigtir. Sekil 10°da akis dagi-

Sekil 10. YZ diizleminde 250 mm ve 500 mm Konumlarindaki Akis Dagilimi Kesitleri
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limlarinin kesit konumlari goriilmektedir. Sekil 11°de ise bos hiicrede kullanilan tiim
delikli diiz plakali difiizorler i¢in yukarida belirtilen istasyonlardaki diizlemsel akis
dagilimlart verilmistir.

Diizlemsel Goriintiiler 250 mm konumunda 500 mm konumunda

Tekli Uggen Delikli Diiz Plaka
Difiizor - 5 m/s

Tekli Uggen Delikli Diiz Plaka
Difiizor - 10 m/s

Tekli Uggen Delikli Diiz Plaka
Diflizor - 15 m/s

ikili Uggen Delikli Diiz Plaka
Diftizér - 5 m/s

ikili Uggen Delikli Diiz Plaka
Difiizor - 10 m/s

ikili Uggen Delikli Diiz Plaka
Diftizér — 15 m/s

Uglii Uggen Delikli Diiz Plaka
Difiizér - 5 m/s
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Uglii Uggen Delikli Diiz Plaka
Difiizdér — 10 m/s

Uglii Uggen Delikli Diiz Plaka
Difiizér - 15 m/s

Tekli Altigen Delikli Diiz
Plaka Difiizdr - 5 m/s

Tekli Altigen Delikli Diiz
Plaka Diflizor — 10 m/s

Tekli Altigen Delikli Diiz
Plaka Diftizr — 15 m/s

ikili Altigen Delikli Diiz Plaka
Difizér - 5 m/s

ikili Altigen Delikli Diiz Plaka
Diftizér - 10 m/s
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ikili Altigen Delikli Diiz Plaka
Difiizér - 15 m/s

Uglii Altigen Delikli Diiz Plaka
Difiizdr - 5 m/s

Uglii Altigen Delikli Diiz Plaka
Difiizér - 10 m/s

Uglii Altigen Delikli Diiz Plaka
Difiizér - 15 m/s

@
U
EMII I!_ h"! "

Sekil 11. 250 mm ve 500 mm Konumlarindaki Kesitlerde Hiz Dagilimlari

Sekil 11°de calismada incelenen tiim delikli diiz plaka diftizérler i¢in 250 mm ve
500 mm konumlarindaki hiz dagilimlar1 goriilmektedir. Hiz dagilimlar1 bir arada
degerlendirildiginde, hiz dagilimlarinin difiizér sayisindan, delik geometrisinden ve
konumdan biiyiik dl¢iide etkilendigi, hava hizindan ise etkilenmedigi goriilmektedir.
Diizlemsel kesit goriintiileri verilen hiz dagilimlart arasinda homojen hiz dagilimia
en yakin goriintiiniin ikili altigen delikli diiz plaka difiizor de 15 m/s hava hizinda
olustugu goriilmiistiir. Ayrica homojen dagilim goriintiisiinden en uzak dagilim tglii
iicgen delikli diiz plaka difiizérde 15 m/s hava hizinda olugmaktadir.

4. SONUCLAR

Diiz plaka difiizorlerin kullanildigi bu ¢alismada liggen geometriye ve altigen geo-
metriye sahip delikli difiizorler i¢in farkli akis hizlarinda, basing diisiim degerleri ve
diizlemsel hiz dagilimlar elde edilmistir. Elde edilen sonuglara gore;
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Incelenen tiim diiz difiizér geometrilerinde, difiizér sayisi arttikga basing kaybi
degeri de artmaktadir.

Incelenen tiim difiizér geometrileri icin hiz arttikca basing diisiim degeri de art-
maktadir.

Incelenen tiim difiizor geometrilerinde, altigen delikli diiz plaka difiizorlerin ba-
sing diistimii ticgen delikli diiz plaka difiizorlere gore daha diistiktiir.

En diisiik basing diistimii tekli altigen delikli diiz plakali difiizorde 5 m/s hava
hizinda saglanmistir.

En yiiksek basing diistimii ise liglii tiggen delikli diiz plaka difiizorde 15 m/s hava
hizinda olugmustur.

Homojen dagilima en yakin hiz dagilimi goriintiisi, ikili altigen delikli diiz plaka
difiizor de 15 m/s hava hizinda saglanmistir.

Homojen dagilima en uzak hiz dagilimi goriintiisii ise, tiglii tiggen delikli diiz pla-
ka difiizérde 15 m/s hava hizinda olusmustur.

SEMBOLLER

Ci,Cye:  tiirbiilans modeli sabitlerini

F
Gy
k

kuvveti [N],

tiirbiilans kinetik enerjisi iretimini [kg/(m.s3 )],
tiirbiilans kinetik enerjisini [m? /s? |,

basinci [N/m? veya Pa],

zamant [s],

yatay dogrultudaki hiz bilesenini [m/s],

yatay dogrultudaki ortalama hiz bilesenini [m/s],
yatay koordinati [m],

difiizor kanat agisini [°]

dinamik viskoziteyi [kg/(m.s)]

tiirbiilans viskozitesini [kg/(m.s)]

tirbiilans kinetik enerjinin dagilimi [m? /s* ]
yogunlugu, [kg/m? ]

k i¢in tlirbiilansh Prandtl sayisini,
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o € i¢in tlrbiilansh Prandtl sayisini,
A, basing diisiimiinii [Pa] ifade etmektedir.
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