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Abstract: In order to reduce cooling energy without compromising comfort condi-
tions, insulation applications on external walls, columns, and beams, as well as the use
of double glazing in windows, play a significant role. Another effective method in
reducing cooling energy is the implementation of free cooling systems. In this system,
cooling systems achieve energy savings by bypassing the fresh air taken from outside
directly into the indoor space without passing through cooling coils. The implemen-
tation of this system requires the examination of reliable outdoor air temperature
distributions throughout the cooling season during the project planning phase. In this
study, various analyses were conducted using five different computer programs.
According to the analysis results, the operation times of free cooling systems and the
Free Cooling Degree Hour Value (FCDHV) to meet cooling loads were determined
for every hour of each month for the province of Mugla. The estimated highest sea-
sonal FCDHV for Mugla was found to be 11810.7, with the highest hourly FCDHV
being 177.5 occurring between 05:30-06:30, and the highest 24-hour FCDHV being
2209 in September. When these data were converted to percentage values, it was
determined that a 70.6% energy savings were achieved from free cooling systems.

Keywords: Mugla; outside temperature; free cooling degree hour; free cooling times;
cooling degree hour

Mugla ili Serbest Sogutma Derece Saati Hesaplamalarinda Yeni Bir Yak-
lasimin Incelenmesi

Ozet: Binalardaki enerji talebi genellikle kis mevsimi boyunca odalarin 1sitilmasi yaz
mevsimi boyunca ise odalarin sogutulmasi igin kullanilmaktadir. Konfor kosullarini
etkilemeden sogutma enerjisinin azaltilmasi amaciyla, dig duvarlar, kolonlar ve
kirislerde yalitim uygulamalari ile pencerelerde ¢ift cam kullanimi 6nemli bir rol
oynamaktadir. Sogutma enerjisinin azaltilmasinda etkili bir diger yontem de serbest
sogutma sistemleridir. Bu sistemde, sogutma sistemleri disaridan alinan taze havay1
sogutma bataryalarina bypass ederek dogrudan i¢ mekana ileterek enerji tasarrufu
saglamaktadir. Bu sistem, projenin planlama asamasinda sogutma sezonu boyunca
giivenilir dig hava sicaklik dagilimlarinin incelenmesini gerektirmektedir. Bu
calismada, bes farkli bilgisayar programi kullanilarak cesitli analizler yapilmistir.
Analiz sonuglarma goére, Mugla ili i¢in her aym her saatinde ve belirli saat
araliklarinda serbest sogutma sistemlerinin ¢aligma siireleri ve sogutma yiiklerini
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karsilayacak Serbest Sogutma Derece Saat Degeri (SSDSD) literatiire kazan-
dirllmigtir. Mugla ili i¢in tahmin edilen en yiiksek sezonluk SSDSD'min 11810.7
oldugu, saatlik en yiiksek SSDSD'nin 177.5 oldugu ve saat 05.30-06.30 arasinda
gerceklestigi, en yliksek 24 saatlik SSDSD'nin eyliil ayinda ve 2209 olarak belir-
lenmistir. Elde edilen bu veriler yiizdelik hesaba vurulunca, serbest sogutma sistem-
lerinden %70.6 oraninda bir enerji tasarrufu saglandigi tespit edilmistir.

Anahtar Kelimeler: Mugla; dig hava sicakligi; serbest sogutma derece saat; serbest

sogutma siireleri; sogutma derece saat

1. Introduction

The free heating or free cooling capacity of a building depends on various factors such as indoor
air temperature density, outside air temperature, components of the building's outer skeleton, heat
transfer coefficients of the outer skeleton components, and ventilation methods [1]. Within any structure
in a residential area, when the internal air exchange rate and heat source density are relatively constant,
a similar relationship has been observed between the thermal properties of the wall and the thermal
performance of the building [2]. Therefore, studies have been conducted on the wall structure and
thermophysical properties that affect the thermal performance of the wall [3]. One of the systems used to
reduce energy consumption for heating or cooling purposes in residences is free cooling systems [4]. In
free cooling systems, if the indoor space reference temperature or enthalpy is higher than the outside
ambient temperature or enthalpy, the outside air is directly brought into the indoor space and used to
bring the room temperatures to comfort levels [5]. This situation also indicates how critical the outside
air temperature and enthalpy values are in free cooling systems [6]. The prominence of tempera-
ture-controlled systems has resulted from various problems in enthalpy-controlled systems [7]. In free
cooling systems, since the outside air is directly sent into the indoor space, it can significantly improve
indoor air quality [8]. The high-quality indoor air achieved with these systems can increase indoor air
quality by 5-10% in many regions of the world [9].

Free cooling systems should be considered to be unable to meet cooling loads alone and therefore
cannot completely replace mechanical cooling systems [10]. Free cooling systems can help reduce the
capacity of mechanically operated cooling systems in areas with high cooling loads [11], [12]. In ap-
plications of free cooling systems, heat energy absorbed during daytime hours is transferred to the
outside environment using free cooling after the sun sets [13], [14]. In a building where free cooling is
applied in the evening, depending on the thermal capacity of the building components, it has been
calculated that the total cooling energy requirement in the structure can be reduced by 27% to 36% [15].
Applications using free cooling systems allow for lower operation, maintenance, and initial investment
costs of the mechanical HVAC system due to the lower mechanical cooling load [16], [17].

The contributions of this study to the literature are as follows:

I. In the province of Mugla, throughout the year, at any hour of each month, the outdoor air
temperature distributions with a 1°C temperature difference are revealed proportionally and temporally
through this study within the monthly dataset (30x24=720 hours).

IL. In the cooling season of the Mugla province, at any time of any month, cooling durations with a
1°C temperature difference have been determined proportionally and temporally within the monthly
dataset.

I1l. The concept of FCDHV (Free Cooling Degree Hour Values) has been introduced into the
literature for the province of Mugla.

IV. By determining the FCDHYV for the province of Mugla, it will be possible to predict the sea-
sonal and hourly cooling energy savings for any time interval during the summer season months.

V. The presentation of this study will encourage research in the field of outdoor air-linked cooling
systems and air conditioning systems.
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VI. The Cooling Degree Hour Values (CDHV) for Mugla, which are not present in the literature
on an hourly basis for any month of the cooling season, any two time periods, and on a seasonal basis,
will be introduced to the literature for the first time through this study.

VII. For Mugla, the Free Cooling Degree Hour Values (FCDHV) that are not present in the liter-
ature on an hourly basis for any month of the cooling season, any two time periods, and on a seasonal
basis, will be introduced to the literature for the first time through this study.

2. Material and Methods

Providing comfort temperature in commonly used enclosed spaces such as schools, residences,
shopping malls, government offices, offices, industrial facilities, and most places where people are
present is of utmost importance for human health and productivity[18]. The achievement of comfort
temperature is accomplished through heating, cooling systems, and air conditioning systems [19], [20].

Cooling or heating loads can be calculated using the temperature and time parameters of these
systems[21]. Moreover, determining the winter (heating) and summer (cooling) seasons, determining
the amount of fuel used for heating in residences, determining the amount of energy used for cooling,
determining the diameter of natural gas pipes, determining the most suitable insulation thicknesses for
external walls, determining the timing of planting and harvesting in agriculture, calculating heating and
cooling for quail poultry houses, planning the timing of efforts to increase soil fertility in agriculture,
and various applications utilize degree-day methods [22], [23]. These degree-day methods are widely
used in a broad spectrum of applications, from calculating the optimal insulation thicknesses to the
energy needs we expend for heating or cooling [24]. Upon reviewing the current literature, degree-day
values have been calculated for both heating and cooling seasons at different indoor reference temper-
atures for Turkey and many countries worldwide [25]. Considering the methods in the literature, the
connections between visual basic based software written in this context and the information on the
results to be obtained are provided in the flowchart.

- - o A
+It enables the determination of 32-year external air temperature distributions for the
province of Mugla by averaging the dry bulb temperatures recorded on an hourly basis

Software at meteorological stations based in the city center for each hour of each month.

1

: o A
*From these obtained temperature distributions, the frequency of occurrence of average
Softvvare external air temperatures for each month of the year and the annual average can be

5 determined for each hour of the day.

J

N
*The external air temperature distributions observed during the cooling season months
Software | are extracted using the third software and processed into an Excel file.

3 Y,

N
*The cooling degree hour values (CDHD) for each hour of the day for all months during
Software| the cooling season are determined.

4 J

*The free cooling degree hour values (FCDHV) are calculated for all months during th@
cooling season at 1 hour intervals, based on the hours when the external air temperature

Soft%/vare is below 20°C.
J

Figure 1. The flowchart of the software
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2.1. Degree-Time Methods

In temperature distributions, differences are observed every year, and these differences are in-
creasing due to the impact of global warming. Therefore, the Cooling Degree Hour Value (CDHV)
calculated depending on the indoor reference temperature also varies [19], [21]. In these calculations,
the most critical parameter is the outdoor dry bulb temperature data obtained for at least 10 years. As the
number of years of data we have increases, the estimated CDHV will be more precise [26].

It is known in the literature that there are three different methods for calculating degree-time
calculations [27]. These methods are degree-days, degree-hours, and degree-minutes. Since the de-
gree-hour method is used in this article and to keep the article concise, only the degree-hour method has
been explained.

2.2. Degree-Hour Methods

Continuous operating air conditioning systems (such as those used in residences and hospitals)
and intermittent operating air conditioning systems (such as those in offices, schools, government
buildings, shopping malls, etc.) can be calculated for their cooling energy needs [13], [28]. For these
systems, the most significant advantage of CDHV calculations compared to other systems is the ability
to calculate the Cooling Degree Hour Value (CDHV) for every hour of every month in the summer
season, for any two hours, or for any time interval. The degree-hour method determines the energy
required for cooling and heating in a closed space proportionally to the difference between the outdoor
air temperature and the balance point temperature [21]. In this method, the first step is to determine a
balance point at which the cooling degree hour values are calculated. For these calculations, measure-
ment values representing the total number of hours throughout the year, which is 8760 (24x360) hours,
are needed. The balance point temperature is the outdoor air temperature at which there is no need for
cooling or heating in a closed space. Generally, for uninsulated buildings, the degree-hour values are
calculated based on a balance temperature of 18°C for heating and 25°C for cooling. HDH and CDH are
calculated with the equations given below [13].

HDH = (1 hOlll') Z (Tindoor - Texternal)+ (2- 1)
hours

CDH = (1 hOllI‘) Z (Texternal - Tindoor)+ (2- 2)
hours

2.3. Statement of Meteorological Data Sets

In degree-day calculations, a data set of hourly dry bulb temperatures recorded for at least a decade
in retrospect holds significant importance. This data set, obtained by the Ministry of Environment,
Urbanization, and Climate Change, General Directorate of Meteorology, includes hourly recorded dry
bulb temperatures for 24 hours of the day. In total, it comprises 720 hours monthly (30x24) and 8760
hours yearly (720x12) recordings. The extent to which past data sets are expanded significantly impacts
the precision of degree-hour calculations. Within the scope of his doctoral thesis, Mustafa Ertiirk me-
ticulously obtained a 32-year meteorological data set, encompassing 280320 data points (32x8760) for a
single province. Ertlirk expanded his analysis to cover a total of 22145320 data points (79x280320) for
79 provinces.

2.3.1. External Air Temperature Distributions

The meteorological data set obtained for Mugla province has been utilized to determine the ex-
ternal air temperature distributions. This data set spans 32 years from 1974 to 2018 and includes dry
bulb temperatures. The 32-year temperature data set has been compiled into an Excel file. The data for
Mugla province in the Excel file were transferred to a computer program, and separate evaluations were
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conducted for every month and every hour of the day. As a result of these evaluations, the maximum and
minimum temperatures within the yearly 8760-hour duration, as well as the percentage of temperatures
between these two extremes, have been determined.

Table 1 presents the average temperature distribution with 1°C intervals between 07:00-08:00 for
each month, aggregated annually. Although this distribution was calculated for the remaining 23 hours
of the day, the other 23-hour details are not provided in the article to avoid unnecessary lengthening. The
distribution of the frequency of occurrence of 32-year external air temperature data obtained from the
General Directorate of Meteorology in 1°C intervals is provided. Thus, the factors contributing to the
zero values in this table are the outdoor air temperatures measured over the 32 years. This indicates that
the temperature in the province of Mugla has not dropped to -9.5°C during this 32-year period. In the
first column of this table, External Air Temperature (EAT) values are shown at 1°C intervals, and the
percentage of total monthly average external air temperatures for each month is displayed in the column
opposite each month with a 1°C difference. The last column provides the distributions of annual average
external air temperature.

Table 1. Annual average external temperature distributions in Mugla between 07:00-08:00

, PAEATD
EAT ANNUAL AND MONTHLY AVERAGE EXTERNAL AiR TEM-  (%PERIOD)

°C . . . .
0 PERATURE DISTRIBUTIONS (% PERIOD)
Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
-9.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

-8.5 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.018333
-7.5 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.018333
-6.5 0.60 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.1125
-5.5 1.00 0.66 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.155
-45 1.60 1.44 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 1.50  0.42833
-3.5 290 3.09 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.20 0.6325
-2.5  6.01 5.19 0.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 4.11 1.39583
-1.5 791 5.41 2.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.52 4.71 1.71417
-0.5 921 6.63 2.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.87 4.81 2.10333
0.5 851 6.85 3.83 0.21 0.00 0.00 0.00 0.00 0.00 0.00 3.01 7.41 2.485
1.5 7.81 7.29 3.73 0.52 0.00 0.00 0.00 0.00 0.00 0.00 3.64 9.12  2.67583
25 6.81 1094 6.75 0.41 0.00 0.00 0.00 0.00 0.00 0.10 6.44 7.52 3.2475
3.5 8.61 939 837 1.04 0.00 0.00 0.00 0.00 0.00 0.20 7.38 6.71 3.475
45 591 7.40 948 1.97 0.00 0.00 0.00 0.00 0.00 0.60 7.59 7.31 3.355
5.5 6.61 8.18 10.69 2.17 0.00 0.00 0.00 0.00 0.00 1.01 7.38 7.62  3.63833
6.5 7.21 7.18 10.69 5.69 0.20 0.00 0.00 0.00 0.00 1.71 9.25 8.12  4.17083
7.5 5.61 7.73 11.19 880 0.30 0.00 0.00 0.00 0.00 2.62 894 7.52 4.3925
85 6.01 453 8.67 11.08 040 0.00 0.00 0.00 0.00 3.82 811 6.61 4.1025
9.5 4.00 431 827 10.56 191 0.00 0.00 0.00 0.10 7.24 936 551 4.27167
10.5 230 1.77 534 1149 3.62 0.00 0.00 0.00 031 8.85 7.48 521  3.86417
11.5 0.60 033 2.52 11.90 543 0.10 0.00 0.00 0.10 12.17 6.86 2.81  3.56833
12.5 0.00 0.44 1.61 10.77 6.64 041 0.00 0.00 1.25 10.76 5.20 1.00  3.17333
13.5 0.10 0.11 1.01 5.69 7.14 124 0.00 0.00 2.08 946 3.22 020  2.52083
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145 040 0.00 0.71 6.94 8.65 1.04 0.00 0.00 540 13.18 0.83 0.10  3.10417
155 0.20 0.11 0.50 3.52 9.66 145 0.00 020 6.85 895 094 040 2.73167
16.5 0.00 0.00 0.00 3.21 12.88 4.15 0.20 0.10 11.11 6.54 0.52 0.10  3.23417
17.5 0.10 0.00 0.10 145 11.27 549 0.70 0.80 14.43 3.92 0.42 0.00 3.22333
18.5 0.00 0.00 0.00 093 8.85 8.19 191 321 12.15342 0.10 0.10  3.23833
19.5 0.00 0.00 0.10 0.72 7.24 9.74 271 4.02 12.56 2.72 0.00 0.00 3.3175
20.5 0.00 0.00 0.00 031 5.84 12.12 6.12 8.73 11.53 0.70 0.10 0.00 3.7875
215 0.00 0.00 0.00 0.52 4.53 1399 8.84 13.45 872 0.60 0.00 0.00 4.22083
225 0.00 0.00 0.00 0.00 2.11 11.40 12.65 14.86 5.40 0.60 0.00 0.00 3.91833
23,5 0.00 0.00 0.00 0.10 1.41 10.67 1596 15.06 3.43 0.50 0.00 0.00 3.9275
245 0.00 0.00 0.00 0.00 1.21 8.08 1697 15.16 2.28 0.10 0.00 0.00 3.65

255 0.00 0.00 0.00 0.00 0.20 6.32 13.15 10.14 135 0.10 0.00 0.00 2.605

26.5 0.00 0.00 0.00 0.00 0.10 3.01 10.24 6.22 0.42 0.00 0.00 0.00 1.66583
27.5 0.00 0.00 0.00 0.00 0.20 135 4.62 4.02 0.00 0.10 0.00 0.00 0.8575
28.5 0.00 0.00 0.00 0.00 0.00 0.41 241 1.71 0.00 0.00 0.00 0.00 0.3775
295 0.00 0.00 0.00 0.00 0.10 031 171 120 0.21 0.00 0.00 0.00 0.294167
305 0.00 0.00 0.00 0.00 000 0.21 070 0.30 0.21 0.00 0.00 0.00 0.118333
315 0.00 0.00 0.00 0.00 0.10 0.10 0.40 0.30 0.00 0.00 0.00 0.00 0.075

325 0.00 0.00 0.00 0.00 0.00 0.21 0.20 0.00 0.10 0.00 0.00 0.00 0.0425
335 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.008333
345 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.008333
355 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.10 0.00 0.00 0.00 0.00 0.016667
36.5 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.20 0.00 0.00 0.00 0.00 0.025

375 0.00 0.00 0.00 0.00 0.00 0.00 0.2 0.00 0.00 0.00 0.00 0.00 0.016667
38,5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

39.5 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.00 0.00 0.008333
40.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2.3.2. The Determination of External Air Temperature Distributions for The Cooling Season

Through the second computer program, the external air temperature distributions during the
cooling season months for Mugla province have been thoroughly examined.
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Table 2. External air temperature distributions for the cooling season months in Mugla province

%;%;{ Average External Air Temperature Distributions for Average External
Cooling Season Months (% Period) Air Temperature

Distribution for

Cooling Season

(%Period)
May Jun July Aug Sep Oct

2.5 000 000 000  0.00 0.00 0.10 0.016667
3.5 000 000 000  0.00 0.00 0.20 0.033334
4.5 000 000 000 000 0.0 0.60 0.10
5.5 000 000 000 0.0 0.00 1.01 0.168333
6.5 020 000 000 000 000 171 0.318333
7.5 030 000 000 0.0 0.00 2.62 0.486667
8.5 040 000 000 0.0 0.00 3.82 0.703333
9.5 191 000 000 000 010  7.24 1.541667
105 362 000 000  0.00 0.31 8.85 2.13
11.5 543 010 000 000 010 1217 2.966667
12.5 664 041 000 000 125  10.76 3.176667
13.5 714 124 000 0.0 2.08 9.46 3.32
145 865 104 000 000 540  13.18 4.711666
155 966 145 000 020 685 8.95 4518333
16.5 1288 415 020 010 1111 654 5.83
17.5 1127 549 070 080 1443  3.92 6.101666
18.5 885 819 191 321 1215 342 6.288333
19.5 724 974 271 402 1256 272 6.498333
205 584 1212 612 873 1153  0.70 7.506667
21.5 453 1399 884 1345  8.72 0.60 8.335
22.5 211 1140 1265 148 540  0.60 7.836667
235 141 1067 1596 1506 343 050 7.838333
24.5 121 808 1697 1516  2.28 0.10 7.30
255 020 632 1315 1014 135 0.10 521
26.5 010 301 1024 622 0.42 0.00 3.331666
27.5 020 135 462  4.02 0.00 0.10 1.715
28.5 000 041 241 171 0.00 0.00 0.755
29.5 010 031 171 120 0.21 0.00 0.588333
30.5 000 021 070  0.30 0.21 0.00 0.236667
315 000 000 000 000 0.0 0.10 0.033333
32,5 000 000 000 000 0.0 0.21 0.035
335 000 000 000 000 0.0 0.00 0.00
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Table 2 below presents the values calculated between 07:00-08:00 for Mugla province. Calcula-
tions have also been made for the remaining twenty-three hours of the day and the frequencies of ex-
ternal air temperatures for the total twenty-four hours have been transferred to the third software.

3. Results and Discussion

In uninsulated buildings, cooling is required when the outdoor air temperature is 20°C and above.
Cooling Degree Hour Value (CDHV) has been calculated for all months of the cooling season for 24
hours using three different software. The results obtained from the software are combined, and the
24-hour combined form table is presented in Table 3. According to TS 825 insulation regulations, the
indoor reference temperature for heat loss calculations is taken as 20°C. After entering this reference
temperature into the software, the 24-hour SDSD for Mugla province is presented in Table 3.

Table 3. Cooling degree hour values according to 20°C indoor reference temperature for Mugla
CDHV DURING THE COOLING SEASON MONTHS

HOURS OF MUGLA SEASONAL
[Degree Hour] CDHV

[Degree-Hour]

May Jun July Aug Sep Oct
00:30 27 254 88.8 77.9 16.6 1.6 213.0
01:30 23 211 74.4 65.9 13.4 1.6 178.7
02:30 1.4 16.2 62.5 57.4 10.5 1.4 149.3
03:30 1.1 12.7 53.5 49.7 8.3 1.1 126.5
04:30 0.7 10.0 47.9 45.4 6.8 0.9 111.7
05:30 0.9 11.2 47.3 39.6 5.3 0.8 105.1
06:30 2.4 24.2 72.0 55.0 9.1 0.8 163.5
07:30 9.5 61.8 128.2 104.7 21.8 1.9 327.9
08:30 329  120.2 203.4 179.5 70.1 8.1 614.2
09:30 64.6  173.7 275.3 250.7 138.9 30.2 933.4
10:30 942 2179 3471 3100  199.7 64.9 1233.8
11:30 111.8  243.0 378.8 3485 238.1 89.4 1409.7
12:30 122.2  265.0 392.0 374.3 268.1  108.7 1530.2
13:30 125.7 2725 391.7 378.1 270.8 110.7 1549.5
14:30 1205 267.1 388.3 386.2 2631  104.4 1529.6
15:30 89.4  255.3 374.9 366.2 242.6 83.5 1411.9
16:30 93.1 2314 348.7 328.0 202.7 54.1 1258.1
17:30 674 1955 310.8 284.7 151.0 27.8 1037.2
18:30 393 1476 2621 2309 1066 14.2 800.6
19:30 224 1083 213.7 189.3 76.8 8.1 618.5
20:30 134 80.0 1749 1554 51.9 3.7 479.4
21:30 8.7 61.9 146.3 127.7 34.2 2.4 381.2
22:30 5.7 46.9 126.1 108.8 26.9 2.2 316.5
23:30 2.3 35.6 105.8 90.7 18.9 1.5 254.7
Total CDHV 1034.7 29043 5014.7 46043 24521  724.0 16734.2
g[g[r)eee-Hour]
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Table 3 for Mugla province has been introduced to the literature. In this table, it has been calcu-
lated that the highest cooling demand will be in July and the lowest cooling demand will be in October.
For every hour of each month in the cooling season in Mugla province, Cooling Degree Hour Values
between any two hours are detailed presented in Table 3.

3.1. Calculation of Free Cooling Degree Hour Values for Mugla Province

When the outdoor temperature is below the indoor reference temperature (20°C), free cooling
systems operate. In this case, cooling systems (such as full air-conditioning systems) bypass the cooling
coils and directly send fresh air from the outside to the interior space, covering a portion of the space's
cooling load. For the implementation of this system, it is important during the design phase to know the
24-hour outdoor temperature distribution values for all months of the cooling season.

In this study, frequency values of external air temperature distributions between any two hours for
each hour of each month in the cooling season in Mugla province, as well as seasonal free cooling
operation times for each month of the cooling season, have been introduced to the literature. Cooling
Degree Hour Values (CDHV) have been added to the literature to meet cooling loads before the cooling
systems come into operation.

3.1.1. The Calculation Steps for Free Cooling Degree Hour Values
The calculations for free cooling values take into an account the frequency of external tempera-
tures below the indoor reference temperature. These values are of immense importance for free cooling

systems.

Table 4. Free cooling external air temperature frequency for Mugla between 07:00-08:00

EAT Average External Air Temperature Distributions for Average External
(°C) . . Air Temperature
Cooling Season Months (% Period) Distribution for
Cooling Season
(% Period)
May Jun July Aug Sep Oct
25 000 000 000 0.0 0.00 0.10 0.016667
35 000 000 000 0.0 0.00 0.20 0.033334
45 000 000 000 0.0 0.00 0.60 0.1
55 000 000 000  0.00 0.00 1.01 0.168333
6.5 020 000 000 0.0 0.00 1.71 0.318333
75 030 000 000  0.00 0.00 2.62 0.486667
8.5 040 000 000 0.0 0.00 3.82 0.703333
9.5 191 000 000 0.0 0.10 7.24 1.541667
10.5 362 000 000 000 031 8.85 213
115 543 010 000 0.0 010 1217 2.966667
125 664 041 000 0.0 1.25 10.76 3.176667
13.5 714 124 000  0.00 2.08 9.46 3.32
145 865  1.04 000 0.0 5.40 13.18 4.711666
155 966 145 000 020 6.85 8.95 4.518333
16.5 1288 415 020 010 1111 654 5.83
17.5 1127 549 070 080 1443  3.92 6.101666
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185 885 819 191 321 1215 342 6.288333
19.5 724 974 271 402 1256 @ 272 6.498333

For Mugla province, Table 4 has been obtained by arranging the external air temperature distri-
bution data for the 07:00-08:00 time interval for free cooling periods. The frequencies of outdoor
temperatures below 20°C are presented in Table 4. Table 4 for the 07:00-08:00 time interval has been
separately calculated for the remaining 23 hours of the day.

The frequencies of outdoor temperatures during free cooling periods generated in Table 4 have
been transferred to software 5 from the table created for the 07:00-08:00 time interval. Using this
software, Cooling Degree Hour Values (CDHV) have been calculated for any hour of any month in the
cooling season for Mugla. This study has been carried out separately for the remaining 23 hours of the
day and included in software 5. The software results have been combined to obtain Table 5

Table 5. Seasonal and monthly free cooling degree hour values for Mugla province’s 24 hours

FCDHV FOR COOLING SEASON MONTHS IN Free CDHV
HOURS MUGLA PROVINCE [Degree-Hour] [Degree-Hour]

May Jun July Aug Sep Oct Total
00:30 269 1135 1709 1717 955 17.8 596.3
01:30 228 1018 1703 1641  85.1 15.1 559.3
02:30 18.3 91.1  168.1 1579 755 12.8 523.7
03:30 15.3 816  161.8 1532 655 10.8 488.3
04:30 125 747 1552 1455  58.0 9.7 455.6
05:30 13.6 80.3  159.0 1414 523 8.7 455.3
06:30 260 1160 1775 1628  65.6 9.4 557.3
07:30 672 1511 1562 1651 1137 197 673.0
08:30 1124  127.0 725 88.6 1610 537 615.1
09:30 121.8  91.3 25.8 288 1281 984 494.2
10:30 1232 60.3 10.5 8.7 781 1130 393.8
11:30 115.1  46.7 6.1 3.2 46.4  109.2 326.6
12:30 1065  36.6 6.4 2.5 350 1015 288.6
13:30 102.8  33.7 5.1 2.7 336 1006 278.4
14:30 1040 355 6.5 3.2 393  107.2 295.7
15:30 109.2 411 8.9 5.1 470 1122 323.6
16:30 109.4 477 10.0 7.7 69.9 1153 360.0
17:30 1154 723 16.4 211 1156  99.3 440.0
18:30 108.3 1024  34.1 430 1555 773 520.6
19:30 946 1338 597 838 1599  60.6 592.4
20:30 765 1448 1001 1165 1577  46.3 641.9
21:30 594 1452 1341 1473 1410 335 660.5
22:30 461 1395 1549 1635 1223 253 651.6
23:30 252 1294 1678 169.2 1076  19.8 619.0

Total Free CDHV 17324 21974 21381 21565 2209.0 1377.2 11810.7

[Degree-Hour]
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In Table 5, it can be observed that the maximum seasonal cooling degree hour (CDH) value is 673,
occurring between 06:30 and 07:30. The highest CDH throughout the cooling season, especially in July,
is observed with a value of 177.5 between 05:30 and 06:30. The total 24-hour CDH value calculated for
Mugla province during the cooling season is determined to be 2209, with the highest value occurring in
September.

The data from Table 5 is shown in Figure 1. This figure provides a summary, based on the results
of 5 different software programs of the total 32-year external air temperature data for a total of 8760
hours in Mugla province.

FCDHV FOR MUGLA PROVINCE
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Figure 2. Seasonal free cooling degree hour values for Mugla province

Taking the data from Table 5 into account, the Free Cooling Degree Hour Values for each month
throughout the cooling season have been presented monthly in Figure 2.
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FCDHYV OF THE COOLING SEASON MONTHS FOR THE MUGLA
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Figure 3. Free cooling degree hour values for months in the cooling season for Mugla province

The total Cooling Degree Hour Values (CDHV) and the total Free Cooling Degree Hour Values
(FCDHYV) for Mugla are presented comparatively in Table 6.

Table 6. Comparison of FCDHV and CDHYV for Mugla province

24 HOURSOF  FCDHYV and CDHV for COOLING SEASON MONTHS iN FCDHYV [De-

THE DAY MUGLA [Degree-Hour] gree-Hour]
May Jun July Aug Sep Oct Total

Total CDHV 1034.7  2904.3 5014.7 4604.3 2452.1 724.0 16734.2
[Degree-Hour]
Total FCDHV 17324 21974 2138.1 2156.5 2209.0 1377.2 11810.7
[Degree-Hour]

CDHV and 167.43  75.66 42,636  46.836  90.086  190.22 70.578
FCDHV with

difference [%]

The percentage difference between the total cooling degree-hour values and the total free cooling
degree-hour values is calculated through proportional comparison. This percentage difference theoret-
ically demonstrates the amount of energy saving that can be achieved through free cooling. It has been
determined that Mugla's highest SSDSD to SDSD coverage ratio is 190.22% in October, the lowest is
42.636% in July, and the seasonal ratio is 70.578%.

4, Conclusion

In this study, various analyses were conducted using five different software programs developed
to contribute to the literature for Mugla province. The first software was used to determine the external
air temperature distributions, including the frequencies within 8760 hours and monthly distributions.
These distributions were then transferred to the second software. With the second software, the cooling
season months and frequencies of external air temperatures for Mugla province were determined for
each hour. These distributions were transferred to the third software to determine the cooling loads at
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any time of any hour during the cooling season. The fourth software was used to determine the fre-
guencies of outdoor air temperatures during the cooling season for each hour of the day. The fifth
software was used to determine the Free Cooling Degree Hour Values for all months of the cooling
season. These values were added to the literature for Mugla province.

As a result of this study, it was found that Mugla's CDHV is 16734.2 and FCDHV is 11810.7. It
was also determined that a 70.578% energy recovery can be achieved throughout the cooling season
from the free cooling cycles that will be implemented. This study contributes valuable information to the
literature for Mugla province.

Acknowledgements
This study has been supported by Professor Doctor Mustafa Ali Ertiirk.
Conflict of Interest
The Authors report no conflict of interest relevant to this article.
Research and Publication Ethics Statement
The authors declare that this study complies with research and publication ethics.

References

[1]  Asan, H. (2000). Investigation of wall’s optimum insulation position from maximum time lag
and minimum decrement factor point of view. Energy Build, 32(2), 197-203.

[2]  Asan, H. and Sancaktar, Y. S. (1998). Effects of Wall’s thermophysical properties on time lag
and decrement factor. Energy Build, 28(2), 159-166.

[3] Asan, H. (1998). Effects of wall’s insulation thickness and position on time lag and decrement
factor. Energy Build, 28(3), 299-305.

[4] Raj, V. A. A and Velraj, R. (2010). Review on free cooling of buildings using phase change
materials. Renewable and Sustainable Energy Reviews, 14(9).

[5] Li, B., Wild, P. and Rowe, A. (2020). Free cooling potential of air economizer in residential
houses in Canada. Build Environ, 167.

[6] Zeinelabdein, R., Omer, S. and Gan, G. (2018). Critical review of latent heat storage systems for
free cooling in buildings. Renewable and Sustainable Energy Reviews, 82.

[7] Liu, J., Su, L., Dong, K. and Liu, X. (2022). Critical temperature of free cooling using indirect
opening cooling tower in data centres: a review. International Journal of Ambient Energy, 43(1).

[8] Medved, S. and Arkar, C. (2008). Correlation between the local climate and the free-cooling
potential of latent heat storage. Energy Build, 40(4).

[91 Kim,J. H.and Kang, C. (2024). A novel design for film-cooling: Cooling holes with inlet groove.
International Journal of Thermal Sciences, 195.

[10] Osterman, E., Butala, V. and Stritih, U. (2015). PCM thermal storage system for ‘free’ heating
and cooling of buildings. Energy Build, 106.

[11] Xie, X., Luo, Z., Grimmond, S., and Blunn, L. (2023). Use of wind pressure coefficients to
simulate natural ventilation and building energy for isolated and surrounded buildings. Build
Environ, 230.

364



International Journal of Pure and Applied Sciences 10(2); 352-366 (2024)

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Ghiaus, C. and Allard, F. (2006). Potential for free-cooling by ventilation. Solar Energy, 80(4),
402-413.

Ertiirk, M. (2021). I¢c Ortam Sicakligmin Isitma ve Sogutma Derece Saat Degerlerine Etkisinin
Sakarya igin Arastirilmasi. Miihendislik Bilimleri ve Tasarum Dergisi, 9(2), 599-605.

Lyu, W., Li, X., Shi, W., Wang, B., and Huang, X. (2021). A general method to evaluate the
applicability of natural energy for building cooling and heating: Revised degree hours. Energy
Build, 250.

Gligil, G. N. (2018). Free Cooling Potential of Turkey for Datacenters. Avrupa Bilim ve
Teknoloji Dergisi, 0(14), 17-22.

Gozcu, O. and Erden, H. S. (2019). Energy and economic assessment of major free cooling
retrofits for data centers in Turkey. Turkish Journal of Electrical Engineering and Computer
Sciences, 27(3), 2097-2212.

Isik, E. and Inalli, M. (2018). Artificial neural networks and adaptive neuro-fuzzy inference
systems approaches to forecast the meteorological data for HYAC: The case of cities for Turkey.
Energy, 154, 7-16.

“Isik: iklim Sistemlerinin Projelendirmesini Etkileyen... - Google Scholar.” Accessed: Jun. 27,
2024. [Online]. Available:
https://scholar.google.com/scholar?cluster=3499965672621122719&hl=en&oi=scholarr
Erturk, M., Oktay, Z., Coskun, C.,. Kilic, G. A, and Dasdemir, A. (2015). A new approach to
calculation of energy demand and amount of emission according to different indoor temperature.
International Journal of Global Warming, 7(3), 395-408.

H. Bulut, O. Buyukalaca, T. Y.-P. of 5th International, and undefined 2002, “Determination and
application of the data used in energy estimation methods for Istanbul,” eng.harran.edu.trH
Bulut, O Buyukalaca, T YilmazProceedings of 5th International HYAC&R Technology Sympo-
sium,  2002¢eng.harran.edu.tr, Accessed: Jul. 01, 2024. [Online]. Available:
http://eng.harran.edu.tr/~hbulut/ TTMD2002_English.pdf

Isik, E., Inall1, M., and Celik, E. (2019). ANN and ANFIS Approaches to Calculate the Heating
and Cooling Degree Day Values: The Case of Provinces in Turkey. Arab J Sci Eng, 44(9), 7581—
7597.

Coskun, C., Ertlrk, M., Oktay, Z. and Hepbasli, A. (2014). A new approach to determine the
outdoor temperature distributions for building energy calculations. Energy Convers Manag, 78,
165-172.

O. Biytukalaca, H. Bulut, T. Y.-A. Energy, and undefined 2001, “Analysis of variable-base
heating and cooling degree-days for Turkey,” ElsevierO Biiyiikalaca, H Bulut, T YilmazApplied
Energy, 2001+Elsevier,  Accessed: Jul. 01, 2024. [Online].  Available:
https://www.sciencedirect.com/science/article/pii/S0306261901000174

Anestopoulou, C., Efthymiou, C., Kokkonis, D. and Santamouris, M. (2017). On the develop-
ment, testing and performance evaluation of energy efficient coatings for buildings. Interna-
tional Journal of Low-Carbon Technologies, 12(3).

365



International Journal of Pure and Applied Sciences 10(2); 352-366 (2024)

[25] M. A. Aktacir, “Performance evaluation of different air-side economizer control methods for
energy efficient building,” Is: Bilimi ve Teknigi Dergisi, vol. 32, no. 2, pp. 19-30, 2012, Ac-
cessed: Dec. 29, 2023. [Online]. Available: http://search/yayin/detay/136608

[26] Yasar, E. and Ertirk, M. (2023) “Investigation of A Different Method In Free Heating Degree
Hours Calculations for Aydin Province”. Electronic Letters on Science and Engineering, 19(1),
17-28.

[27] Aktacir, M. A., Buyiikalaca, O. and Yilmaz, T. (2009). A case study for influence of building
thermal insulation on cooling load and air-conditioning system in the hot and humid regions.
Appl Energy, 87, 599-607.

[28] Letherman, K. M. and Al-Azawi, M. M. J. (1986). Predictions of the heating and cooling energy
requirements in buildings using the degree hours method. Build Environ, 21(3-4), 171-176.

366



