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ABSTRACT: For the purpose of processing weather data for air conditioning equipment de-
sign in Busan area Korea, this study collected weather observations made by Busan weather
Administration from 1970 to 2003, and then established external conditions for heating and
air-conditioning design. For changes of temperature in external conditions for design, the
highest temperature had little changed, whereas the lowest had been on the rise as the years
went by through the 1970s, 1980s, 1990s, and 2000s, but insolation has a little lessened.
Absolute humidity does not show a significant change but an incessant rise.

1. Introduction

It is said that large cities undergo serious

weather changes today. In particular, temper-
ature between the urban center and its sub-
center reveals a vast difference, which makes
us feel a sure different effective temperature.
Therefore, weather data in Busan area used for
weather data were derived from statistics in
the 1970s prior to 1980s, not recent ones. In
this context, this study purpose to provide data
for air conditioning equipment design in the
Busan area by arranging those weather data.
" Since the development of thermal load calcu-
lation by the Response Factor method in the
1960s, weather data at intervals of an hour
were needed.

However, weather data are kept as digital
records at intervals of 6 hours in Busan from
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1970 through April 1982. Thereafter, weather
observations have been made at intervals of 3
hours from May 1982 through Mar. 23, 1998,
and 24 times a day since Mar. 24, 1998, ob-
servations have been made. However, unstable
observations have been kept from Nov. 16, 1998
through Dec. 20, 1998. The computerized file of
these observations is called SDP (Surface Daily
Data Observation Point).

Weather measuring equiprments and measure-
ments used for practical observations by Busan
weather Administration since 1981 are shown
in Table 1.

Temperature is measured with a dry-bulb
thermometer every hour, but platinurn resist-
ance thermometer has been used since 1987,

Measurements of temperature have been car-
ried out for the most part by Automatic
Weather System (AWS) since 1990. Of course,
measurements are carried out not merely by
the dry-bulb thermometer but also by the mag-
netic thermometer but merely used as refer-
ence values. Humidity is also measured with
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Table 1 Collection of weather data in Busan weather administration

Sorts of measuring equipments

Temperature

Humidity

Insolation

Dry-bulb thermometer:
at intervals of .1 hour

Magnetic thermometer:
at intervals of 1 hour

Platinum resistance thermometer:
at intervals of 1 hour
AWS (Automatic Weather System
(90.1)

Digital magnetic hygrometer:
at intervals of 1 hour

F. L. pyrheliometer (81.1.1~):
at intervals of hour
(Kept by the administration)

Silver plate pyrheliometer
(Dec. 16, 1987~ ). at intervals
of 1 hour (auxiliary meter)

Tracing direct pyrheliometer:
continuous recording

the digital magnetic hygrometer at intervals of
1 hour. '

These values are measuré,d as values of rela-
tive humidity but converted by an absolute tem-
perature-measuring equipment. Insolation mea-
surements have depended very largely upon the
F.L. pyrheliometer but have been substituted
with the silver plate pyrheliometer since 1987.
And then since February 1990, the tracing di-
rect pyrheliometer installed by Ministry of Power
and Resources formed the mainstream and the
silver plate pyrheliometer played an auxiliary
role.

2. Analysis of long~term weather data

Kimm reported the long term weather data,
which was based on data of the 1980s but not

included those of the 1970s. It carried out a
survey of weather changes in th,e 1990s.

Weather factors consists of six factors: dry-
bulb temperature, absolute humidity, insolation,
wind direction, wind velocity, and cloudiness.
In order to make out standard weather data,
insolation needs to be divided into direct in—
solation and sky insolation. However, they are
not divided -because this study does not make
out standard weather data. Though data in the
2000s for a short period of 4 years are consid-
ered to be of no significance in data process-
ing, they are included for reference.

2.1 Yearly changes in the yearly mean
temperature (Fig. 1)

The mean temperature in Busan for 33 years

Table 2 An outlook of weather data

Year Data
‘ 1) Temperature: Recorded every 6 hours from 3 o clock 4 data a day.
1970s " 2) Humidity: Same as temperature.
3) Insolation: No records.
1) Temperature: Same as in the 1970s from 1980 through Apr. 30, 1982.
Reorded every 3 hours from May 1, 1882 through Mar. 23, 1998.
1980s s
2) Humidity: Same as temperature.
3) Insolation: Recorded from January 1580.
1990s Temperature: Recorded 24 hours a day from Mar. 24, 1998,
2000s - All data 24 hours a day kept.
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Fig. 1 Secular changes in temperature.

0.0100

0.0095

0.0090

0.0085

0.0080

Absolute Humidity[kg/kg']

0.0075

e

0 . n L . L
1870 1975 1980 1885 1990 1996 2000 2005

0.007

Year

Fig. 2 Secular changes in absolute humidity.
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Fig. 3 Secular changes in integrating daily
mean insolation.

shows an approximately 1.5C rise. It seems to
be a higher rise, as compared with 12T in
Tokyo, Japan. It repeats fluctuations on the
level of ahout 0.1~15TC along with an imma-

terial rise. The hottest year was 1998, while
the coldest was 1980.

2.2 Secular changes in the yearly mean
absolute humidity (Fig. 2)

This absolute humidity is converted from
dry-bulb temperature and relative humidity. It
varies with years but shows a slow rising
tendency. It points to an approximately 0.2
g/kg rise. The year of the highest absolute
humidity is 1998, whereas the lowest 1982.

2.3 Secular changes in the integrating daily
mean insolation

Insolation prior to 1980 in Busan was not
recorded and it has been measured with the
highly precise thermoelectric all-weather pyr-
heliometer since 1981, showing changes on the
level of the yearly mean 450~ 500 kJ/mZh, with
no regularity. Insolation reflects a decreasing
tendency, which needs an interpretation. The
year with the most insolation is 1983, while
that with the least 1990.

3. Statistical analysis and investigation of
external weather conditions

3.1 Synopsis

External conditions for design are needed for
statistical processing of weather observations
(temperature, absolute humidity, and insolation)
in the past and as well as for calculating the
capacity of heating and air conditioning de-
vices. Those in this study were made out
based on the Technical Advisory Committee
(TAC) method.

3.2. How to make out

External conditions for design were made
out every 10 years and then weather changes
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Table 3 External conditions for design (TAC 2.5%)

Cooling data Heating data
Temp. (T) AH (g/kg) . Ins. (W/m®) Temp. (C) AH (g/kg)
80 90 80 90 80 90 80 90 80 90
1 26.9 269 19.73 19.00 0 0 ~58 —44 0.81 0.72
2 26.8 26.7 19.54 18.84 0 0 ~6.0 —46 0.82 0.76
3 26.5 27.1 1961 | 19.28 0 0 ~6.4 —4.4 0.80 0.84
4 26.4 26.4 19.40 19.14 0 0 ~66 —-48 0.84 0.90
5 26.3 26.6 19.43 19.03 37 14 ~69 —-51 0.87 0.89
6 26.3 26.7 19.35 19.07 161 9% -70 -52 0.85 0.89
7 26.7 265 1949 | 19.22 264 234 -71 -59 0.87 0.96
8 274 27.1 19.99 19.30 520 404 ~170 -59 0.88 0.96
9 29.3 29.3 20.60 19.70 660 552 -6.3 —46 0.92 0.93
10 304 29.1 20.77 20.15 732 673 -55 —-42 0.93 0.95
11 31.4 29.8 21.21 20.34 846 754 ~44 -30 0.99 0.77
12 31.9 321 21.09 20.17 856 781 -29 -08 1.01 089 .
13 321 30.4 21.24 20.64 846 757 ~21 =07 1.00 0.75
14 320 30.7 20.88 20.35 782 683 -11 0.55 101 0.72
15 32.1 32.2 20.60 19.97 531 566 ~06 14 0.99 0.80
16 320 30.6 20.37 20.43 357 418 ~04 1.2 0.98 0.61
17 315 299 20.22 19.45 139 251 -09 0.35 092 054
18 309 30.8 20.13 19.39 55 93 -20 -02 0.87 0.70
18 29.7 28.4 20.00 18.90 9 12 -28 -12 0.85 0.55
20 286 279 20.00 18.73 0 0 ~-35 -19 0.82 0.59
21 28.1 28.2 20.09 19.51 0 0 —4.2 -22 0.78 0.72
22 217 2712 19.95 18.67 0 0 ~45 -30 0.78 0.67
23 274 212 19.95 18.66 0 0 =50 -34 0.79 0.63
24 27.1 276 19.78 19.49 0 0 -54 -03 0.80 0.77
Av. 2898 28,56 20.14 19.48 6,895 6,288 -435 | —260 0.88

AH: Absolute Humidity, Ins: Insolation

investigated. Insolation in the 1970s are ex-
cluded because it was not measured. External
conditions for design, TAC 2.5%, in Busan in
the 1980s and 1990s were made out,

Table 3 shows external conditions for de-
sign, TAC 25%. In the meantime, the data in
the 1980s were those quoted from those for 10
years from 1981 to 1990.

The TAC method calculates local temper—
ature, absolute humidity, and insolation by ex-
cessive point percent of weather data every
hour (24 hours a day). The TAC 25% indi-
cates the upper 2.5% value in June to Septem-
ber for conditions for air conditioning design,
while the lower absolute humidity 2.5% in De-

cember to Mar. for conditions for heating de-
sign.

Weather data in the 1990s in Table 3 were
recorded at intervals of 3 hours from 1990 to
1998 but 24 hours a day from Mar. 24, 1998
up to date. Therefore, the number of data ev-
ery 3 hours up to 1998 comes to 1,212, and the
number of data every hour 155. When they are
applied to the lower 2.5%, they correspond to
the lower 30.8th value and the 3.9th value,
respectively. Thereupon, the black marks in the
table indicates the lower 30th and 31lst mean
value as data of every 3 hours, whereas the
grey marks as data posterior to 1998 indicates
the lower 3rd and 4th mean value.
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3.3. Comparison of values by year

A comparison was carried out of external
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ditioning design (insolation).
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Fig. 6 Comparison of conditions of air con-

ditioning design (absolute humidity).

conditions for design every 10 years on the
basis of TAC 2.5%.

3.3.1 External conditions for cooling
(1) Temperature (Fig. 4)

The temperature here shows a similar ten-
dency every year, but its value in 2000 is
higher than that in other years.

The highest temperature in the 1990 points
out 322T at 16:00 in the 1990s, whereas the
lowest 25.9C at 6:00 in the 1980s. The lowest
of the highest temperature by year indicates
304°C, in the 2000s, while the highest, 32.2TC
in the 1990s. The lowest of the lowest temper-
ature in the 1960s was 26.4°C, and the lowest
has been on the rise year in year out.

(2) Insolation (Fig. 5)

Horizontal sky insolation reflects a radiant
form around 12:00. The most insolation is
shown in 1980. The peak insolation by year is
768 W/m’ at 12:00 in the 1980s, while the min-
imum 768 W/m® at 12:00 in the 1980s, while
the lowest of the peak insolation 671 W/m2 at
12 o’clock in the 1990s.

(3) Absolute humidity (Fig. 6)

Diurnal difference of absolute humidity in-
dicates 0.000915kg/kg in the 1970s, 0.001875
kg/kg in the 1980s, 0.00144kg/kg in the 1990,
and 0.001345 in the 2000s, which is approxi-
mately 0.0195 less and shows a comparatively
small change by time zone.

The highest absolute humidity in the 2,000s
points to 0.0225kg/kg at 13:00. The minimum
absolute humidity in the 1970s 0.0195kg/kg at
3:00. The absolute humidity in the 1980s made
reference to that in Reference No. 1. The min-
imum absolute humidity, including these data,
is 0.0194 kg/kg at 5:00 and 6:00 in the 1980s.

3.3.2 External conditions for heating
(1) Temperature (Fig. 7)

The highest of the lowest temperature at
7:00 in the 2000s is =547T, whereas the
highest of the highest temperature is 1.8TC at
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Fig. 7 Comparison of conditions for air condi-
tioning design (temperature).

15:00 in the 2000s. The lowest of the lowest
temperature —7.1C at 7:00 in the 1980s, which
is very low, as compared with that in other
years. However, in consideration of these lower
value data, it may be predicted that the tem-
perature in the 1970s would be lower than that
in the 1980s. The lowest of the highest tem-~
perature is —0.4°C at 16:00 in the 1980s. It is
obvious that the lowest temperature by year is
on the increase as the years go by.

(2) Absolute humidity (Fig. 8)

Absolute humidity shows almost no change
by time zone and all fall under the range of
1.1~15g/kg. That in the 1970s is low on the
level of about 11~13g/kg, while that in the
1960s is high on the level of about 12~15
g/kg.

4. Conclusion

This study investigated weather factors in
Busan for 34 years from the 1970s to 2003.
For temperature changes in external conditions
for heating and air conditioning design, the
highest daily temperature shows a slim change
but the lowest temperature had been on the
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Fig. 8 Comparison of conditions for heating
design (absolute humidity).

rise as the years go by through in the 1970s,
1980s, 1990s, and 2000s, and as a result, diur-
nal difference of temperature was on the de-
crease. Furthermore, absolute humidity shows a
slow rise with no big change. This study hopes
that these data would be used for practices of
air conditioning equipment design. And one thing
to make mention of here is that it is appro-
priate to establish external conditions for de-
sign used as indicators for environmental de-
sign as part of air conditioning equipment de-
sign, in the unit of 10 years inasmuch as ther-
mal load or every meterological factor has its
unique characteristics.
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