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Study on the Characteristics of Thermal Environment

and Air Quality in School Buildings

Chul Lin Ahn

Department of Refrnigeration & Air Conditioning Engineering,

The CGraduate School, Pukvong National University

Abstract

The ratio of the students in elementary, middle and high schools
occupies about 27% of the total Korean population. Their mental and
physical growth 1s the most active during these ages. And as
students spend most of their time at schools from elementary schools
to high schools, the healthy and comfortable environment is necessary
for them.

The improvement of the school  facilities” comfort should be
considered as the most important element to increase students’
learning ability and teachers’ efficiency.

In this study, the cfficiency of the environmental materialization of
the school facilities is evaluated for the improvement of thermal
environment and air quality in scheool buildings. And by the analysis
of the problems about air conditioning system, this study provides

various materials of the healthy and comfortable thermal environment.
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Alr conditioning system in school buildings is related to the school
scale, and 35% of the rescarched schools have less than 10
classrooms among the 10188 schools in Korea. The LOADSYS is
used to grasp the characteristics of school building heating and
cooling load. After study. the amount of cooling load showed more
than 2.4 times as big as heating load in the school of all area. This
is the best feature in the school buildings, and because a number of
students are in the small space.

For thermal characteristics research in classrooms, we measured
thermal and air distribution in classrooms, such as radiation heating,
floor type FCU, and 4 way ceiling type air conditioning system. And
thermal sensation analysed by evaluation iterns such as ADPI, PMV,
PPD  according to ISO 7730 and ASHRAE standards 55-92 for
estimate of comfortable thermal environment. To survey response
about the thermal environment, 100 students had question research. In
this research, 4-way ceiling tvpe is excellent in TSV and LTSV in
summer and winter,

This study investigated scveral cases by numcrical method to
scarch the most proper diffusion direction in ceiling type air
conditioner. And diffusion direction was invested in 15° 30°, 45°, 60°.
The velocity and  temperature  distribution of air in the room
calculated by 3-dimensional method, which include the effect of
insulation of the building and sunlight. This analysis shows that

optimum diffusion direction is 30° in winter and 15° in summer to
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increase thermal comfort.

To improve air quality In school classrooms, polluted indoor air
should be improved by efficient ventilation systems. So it 18
important to measure the amount of ventilation needed in classrooms.
The amount of natural ventilation which were measured through a
tracer gas method is shown 15bm for hour, and the number of
ventilation is 0.89 times for hour,

And we have established a heat recovery ventilation system from 4
cases of airflow in classrooms, and we have measured the change of
COs  density.  According to  air  quality  measurements in  the
classrooms, the density of CO-» 1s 70% well above environmental
standards which are 1,000 ppm. When the amount of ventilated
airflow increases, indoor air quality 1s improved. It i1s surveyed that
the most suitable amount of external inducted air is 257 CMH for
person to satisfy CO- less than 1,000 ppm in classrooms.

When operating both air conditioner and ventilating system in
classrooms, supply  diffusers would set in near ceiling type air
conditioner, and supply diffusers would be arranged in a diagonal
direction from cciling type air conditioner for improvement of thermal

environment and ventilating performance.

Kev words : School building, Thermal environment, Air quality, Heat

recovery ventilation, Ventilating performance
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Improvement in Indoor Environment of School Buildings
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Fig. 1.1 Flow chart of the present study
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Table 2.1 Thermal environment factors

Classification Basic factor Inequality
- Temperature - Vertical air temperature difference
Phyvsical - Relative humidity | - Radiant temperature asymmetry
Factor - Air current - Fluctuation of room temp.
+ Radiant temp. - Inequality of air current
) - Individual variations
Human body | - Clothing
) - Age
factor - Metabolism .
- Sex

(1 -&7] (Air temperature, t.)
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Table 2.2 Tvpical metabolic heat genecration for various activity

Miscellaneous Leisure Activities
Dancing, social
Calisthenics/exercise
Tennis, singles
Basketball
Wrestling,competitive

140-255
175-235
210-270
290440
410-505

Activity W/ m met
Resting
Sleeping 40 07
Rechning 45 03
Seated, quiet 60 1.0
Standing, relaxed 70 1.2
Walking(on the level)
0.89 m/s 115 2.0
1.34 m/s 150 2.6
1.79 m/s 220 3.8
Office Activities
Reading, seated oh 1.0
Writing 60 1.0
Typing 70 1.2
Filing, standing &0 14
Walking about 100 1.7
Lifting/packing 120 2.1
Driving/Flying
Car 60-115 1.0-2.0
Aircraft, routine 70 1.2
Aircraft, instrument landing 105 1.8
Alrcraft, combat 140 2.4
Heavy vehicle 185 32
Miscellaneous Occupational Activities
Cooking 95-115 1.6-20
House cleaning 115-200 20-34
Seated, heavy limb
movement 130 2.2
Machine work
sawing(table saw) 105 1.8
light{electrical industry) 115-140 2.0-24
heavy 235 4.0
Handling 50kg bags 235 4.0
Pick and shovel work 235-280 4.0-4.8

I

SO WD
comon
o SR NN TN
Do

# lmet = 582 W/m’
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Table 2.3 Classification of thermal-environment evaluation index

Classify Evaluation Indices
Physical Indices DBT, RH, RT, WBT, BGT
Physiological Indices PASR, Wettedness, HSI
F Heat-balance Indices OT. HOT, SOT, MRT, SET”
Subjective Temp. Sensibilityﬂ ET, ET". CET
Indices | Comfort Sensibility PMV, PPD

(1) +%& &% (Effective temperature, ET)
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Table 24 Comfort range of indoor thermal environment

ANSI/ASHRAE

Factors

ASHRAE 55-1992 [SO 7730

Summer

23~26CET") 23~-26T(245+1.5C)

Comfort zone(OT)
Winter

20~24°C(ET") 20~24T(22£27C)

Metabolism rate

<1.2met>

Clothing Summer

0.5clo 0.5¢clo

Humidity

30~70%

Air velocity Summer

<0.25m/s>

Vertical temp. difference

<3T>

Vector radiant temperature

vertical<>C >, horizontal<10C>

Floor surface temperature

<29T >
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Table 2.5 Sources and influences of indoor contaminant[30]

Contaminant

Place of origin

Influence to human bodyv

Dust, Heavy metal

Inflow of outdoor dust,
Dust at the floor, Life
activity

Pneumoconiosis, Silicosis,
Occupational lung discase

Ashestos

Adiabatic board,
Insulation material,
Asbestos Cloth,
Asbestos break,
Thermal insulation

Skin diseases, Respiratory
disease, Occupational lung
disease

Cigarette smoke
(Grases, HC, PAHs,
Dust and so on)

Cigarette

Headache, Fatiguce,
Bronchitis, Pneumonia,
Bronchial asthma, Lung

cancer

Combustion gases
(CO, NO,, SO,
and so on)

Stove, Combustion,
Gas range

Chronic lung disease, Air
way resistance, Central
nervous svstem

Radon

Soil, Rock,
Underground water,
Granite, Concrete

Lung cancer

Formaldehyde
(ITICHO)

Plywood, Board,
IFurniture, Adiabatic
board, Cigarctte smoke,
Beauty aids, Clothing

Cough. Diarrhea, Dizziness,
Vomiting, Skin diseases,
Rhinitis | Emotion anxiety,

Amnesia

Volatile Organic
Compounds
{Benzene, Toluene,

Ketone)

Styrene, Aldchyde,

Paint, Adhesive, Spray,
Combustion, Laundry,

Clothing, Aromatic,
Construction materials,

Fatigue, mental illness,
Headache, Vomiting, Vertigo,
Central nervous system

Ozone(Os)

Copy machine. living
supplics, Combustion

Cough, Headache, Asthma,
Allergy disease

Microbial substance

(Filamentous fungi .

conditioning,

Humidifier, Cooling air |

Allergy disease, Respiratory
disease

Refrigeration, Pets

Bactena, Virus )
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(1) AIVCe] A & 7] w8 Z & (Air change efficiency)

AIVC(Air infiltration and ventilation center)9l 43> Technical Note 28
“A Guide to Air Change Efficiency” ¢ & 37|89 /de 28 o &=
Sl g e s Alrsha AH(33].

F71UA7E PRl S ME grIdabe]l W Eaagel PR s

Ft & 1% (Local mean age of air, 7,)S 43 Pao] glojale] zto] i

AL Ade] v gl pael ¥ irgiomal Aejd o] Ayt

pd

~7] % (Room mean age of air, < -i’p>)0]t}. ?‘pﬂ} < >F o] 83

o
N

g/ n2h-&(Local air change index, €,). & 7|3 34 5 A% (Coefficient or

air change performance, ), 2¢]3 AW /| W@ g 8(Room air change

efficiency, €.)& TF38H v}S3 2o}

Tn
-, (2-11)
_ r"
T Yo (2-12)
r?’l
fa = 2 13)

A7]AM, 7,2 FNAIG 9 (Nominal time constant) 24 317] 8o &

ol AW AAl ARt s7ls Fasted Hes Azt

*38_



vl el Algte Al 7, - 24 7k Heh ehs AfEv) v o= AR

e A el dE HRes] fAE §EY Ae - TelnE g
- 100 Wk c1ela ghA matel Ae e - 7, / 1, - T, /27, = 05
AL g3 10 KT 100% 7 flok

(2) EC Commussion©ll 2§k 7] =3l

#3l2] #7]) &-& (Ventilation effectiveness, €02 ZAFAdAde] &7 FA

A 719 LGy BRE Agetel Wyl Mel FEsh £ F
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fefde] FEME A chgah e How Aot gk,
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. VT{(Supply air temperature) Ventilation

ts —» C .
- TiIndoor temperature} Effectiveness
< 0 009 ~ 10
Ci 0~ 2 0.9
Breathing zane 2 - 5 08
> 5 04 ~ 07 1

(a) mixing ventilation

ts —» TASupply air temperature) Ventilation
- T{Indoor temperature) Effectiveness
u C E "50 09 " 1.0
reatnin Zone_’ce 7:)’_‘ h - ’
Brenng > 0 1.0

(b) mixing ventilation

T.(Supply air temperature) Ventilation
- Td{Indoor temperature) Effectiveness

<0 12 ~ 14
tS ~®Breathing zone O - 2 07 - 09
Breaning > 2 02 ~ 07

{c) displacement ventilation

Fig. 2.8 Ventilation effectiveness in the breathing zone of spaces ventilated

in different ways

(3) ASHRAE Standardoll ¢/ #7]1&&

ASHRAE®) A 3= Standard 55 1992[28]°14 A& #E g 2<L94 33
2, c1e 3 Standard 62 199131104 2yl Esle] de) weln Avlyrl 8
FAE A9 BAHAS Adstn ded, B8 $/RRES ALR]

Boveo] ol e len), 71717 Qi e el Aol wAEsht 20
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2oyhebiEel = &9 A s SO~1.0), 3¢ 7 (Return ain)7b A4
Q]_‘E] “:t_ B] %O] R(Om 1 O) Q‘_! [IH, %—{_ 7] E] ‘:’d_‘ %E 9} 7] EO}:TO: QU‘;:Q!T+RXSXQH.\7]—
S, AR E A ZaL w7 S Ques (1 B - S - Qo7 fek o]

Arelel diald 9717 B3 &4 Er ones o

Q, - 1-RS (2-15)

vkek 2l (2-15)ol A wir] 7t glube R=12 4 o]luje] FEE&L 100%7F @)

o] & ASHRAE Standard 129P (Public review draft)ol A= AlA3 ¢ 7] 7}

we = A - (2-16)

-41_



AZNIM, Aaerz 2 S5 HHy e Hdora] du gt

w1l NG ol sl #/1EEE WA Sandbergt Ao E
A AR} A FroE e wAd sadi Agte] #35E @

NNEEe] = Aostelti36]. ASHRAESH AIVCE2 B8

=t e] B R IS 1o Ay Al SAsk dnk
Sandbergel &l Aote @715 &2 =ZA F sFA AEdeg w9l
g UE e F0udldA 2" SAES HAT 7 Ade FHE uERY
= Ventilation efficiency e} #8715 s AT E & £ T 4
G =S e = Ventilation effectiveness® v 7 Lt
Ventilation efficiency (< e>)= QH@ 59 At xrol] sk viziqte] A

o g FEu 2 thew gol teruict

<C> I, (2-17)

o7iA, Cors w7l rell el g, <C>i HET 5% 1,2 "HE A

¥

der, TLelol Teew Wizfgrel el Be gv]E e ofeh g

r|0

1 EE 2

Aol 1937 Yaglouol )& 2Hgle]e]z shyjolth ofel Hl&] Ventilation

[UZZ

‘;L
ok

Tc:} 7

o

cffectiveness  ( €;) of g WE AL A4 (Nominal

rl

constant)® u] £ JERl 7] 38 (Air exchange effectiveness)eld} il

_42_



ofab vhEk ghe] vprbdich

fe m WD (2-18)

oA 1,2 HE AT AR < >80 HlE Lt v Eo)
gukd o Ventilation  efficiency 2 v 37103 & (Air  exchange

effectiveness) @] 7143 © 2 Ventilation effectiveness® o] AFE-FHoH3]]
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s el Aol HAZ ghvlFel AAE e gt Aol
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Fitel Feolob ahis A2 gh/uk gf el

Table 2.6 Recommended ventilation air flow rate for comfort control

Nation ! ,mdtlrd, tor Application Ventlation Rate
; Ventilation
Shop 123 (2/5 - m)
Classroom 28 (275w
ASHRAL Conference Room 5.0 (/s - m)
IS A . i T
Standard 62 1959 Office space 125 (25 - m)
. 1.2y €2/ - m)
Residence - S
75 (£ /s - person)
HASS ¢ Living Room , .
8% ! . 8.3 (875 - person)
Japan 102- 1997 | of Residence ¢/s - person
Private
. - —1 F f"’f M J)
Office Space L4 0875 - )
Conference Room 43 (#/s - m)
Kurope DN B R ;
HEoRe Auditorium 1HO (/s - m)
Restaurant 32(8/5-m)
Classroom 43 (¢/s-m)

ASHRAE Standard 62 1973004157 vhekst -5 =@eire] 24 37| <Fa}

NG AT ol F B wel ARAYR A ofuid st Hule g i)

of 4AY AL fAE] 919k ASHRAE Standard 62-1989% A A s
=
voie)o] dlo}zn TGl vbel s WHOeo A 1987y Al A E §-gie] 2l

W73 7 4 %) H(Air quality guidelines for Europe)®l] <t 8po

717 =me] o) o

£ Q
=4 ] 1.

Mgatm glen), WHO: of 7l ube a2

PA
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FARRE dme 19970 A9 AAen Al

r‘|r<~

E 1
ASHRAE Standard 62 10892] ghv| el af pelel A9 1219 A4 3
kol 75 ¢ s - ), wpehui Ayl A xkgbvidke] 09545 - m 2 O F AL 9l

ChogbRel glhv] g2 HASS 10219970 A1z H Aol 8374/5- 3122

ASHRAE 8l714t 22} gAps 51712719 2=y}

[ls1)

Table 2.7 7Farela] Fg&s 9l bzl el s Ha D2k
A tkebel slelrh gl eke] Ali: bvpE R lolwre] 2 e g sjekim
by sz Al o ek Al gl A g sk ek (mhy, S8 (3 h s es AL
L = I b g R B B I Al It i S G - A = W O TR S
ieodelelr] glek ago) ko AW sleluw ehwk FAE AEuc) o

ol Bolws welm vk gholals 1-530h 19% B2 4~10 ¢

scc 9] el A vEol 44w,

Table 27 Minimum ventilation rate  requirements in school

huildings[26]

Nation Ventilation Rate
Belgium 30m ‘h for a person
Canada b’{/ seC f()l a4 person
Finland () h\ OHm or a person
France lom h f()r 4 person
Czermiany ‘h fm A person
[taly 1.5 "'5.() (\(mlla[um rdte
Netherlands (.5om h for a person
New Zealand . Hé"sc( for a person
\mden ' l()!/ sec \nmkmg) )? sectnon smoking)
England i 5- 8 ‘s or 122 /sec
LIS A %s/ SeC fm a4 person
Norway 07 ~55¢ see for a person
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19973 991 “agstalolshzhyist o] Algl - 2odel kb T A g st
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walel olAds gotaio] y1E RS st HA P VE
18T E MM o] g D - dwaf Al A st ET sk A ek
arel &te} SadBelabi A akelu}

e targetawe)st i abale] Ay - edoll wSar A el A Al A &
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s (Om/h)el FBUIRE & orehal oloh crelvh stalel F9 sl AE

wol tha 2 AE gebste] 191W G6//s (216m/ 7 A AV Ee

Table 2.8 Guidelines for environmental design in classrooms

Classifv | Standard Amount

- Winter : 18~20T

Temp. )
- Summer © 26 ~287T

Humidity - 30% —30%

Ventilation - 21.6m/h for a person

COn - less than 1,000ppm in an hour

PM10(Dust) < 150pg/m in a day

Roughness - more than 300Lux

- The rate between outdoor roughness and indoor

Natural roughness must be more than 5%
lighting - The rate between maxinum  and minimum  of

roughness must he less than 10 1

Noise - less than obdB

« Abg o S n R A Ala) A
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3.2.1 stuAdEol gpR

Jm o] ana]mwl M Re 7o) el wlde w7k 9o e e
2 o] 41 is wmhorals] 9lebed Shar fulof uwhE sl el sbe zaba)
Aok el WA o - E . maigkwe] dhuri o002 199 & A 10.188

Aarelm, i gtEe Wi s Table 310 2u 2Hene] A
1085 wlbel bk dalel Alvms LA sbare] wlFel ahgal o

Lh s otale] A9z Aariel A 108hsfe] dhaimbx] vl Al g JEEE L

G SR 2o EE Ak Me FelEe Afty Szt u

Table 3.1 Status of class scale

(Unit : Figure)

~._ Figure N . . i ~ — . . .
belowh| 6-10 § 11-20 | 2130 3140 ; 4150 | 51-60 |overtd| Figure

Classity

Elementary | 393 LRI9 | 721 782 708 603 251 37 5,384
>chool 1796) | (34%) | U3%0) | (5% | 114%) | (119%) | (%) | (1% | (100%)

Middle | 606 | 468 | AKI | 662 | X7 | 103 2 2800

achool | (21%) | (17%) | (17%) | (24%) | (17%) | (1%) | (%) (100%)
High 98 227 | 403 | 333 | 476 | 371 | 52 | 15 | 1,995

School (0% 1% | C20%) | (8% | (24%0) | (8% | (3% | (1%) | (100%)

1LO97 1 2514} 1,600 | 1,797 | 1721 | 1077 305 72 10,186

DU oy oaeg) [ (1690 | (1790 L (7% | (1199 | 3001 | (1°6) | (100%)
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g et A ol u AR el vl Bekel W M dubyelv) A

ok shavh by SRle] Shgyckosiale] ea Mol ojye) X edabslE
AN A W F SE el AbgE| A7kl rolubis o] ma} o
s gEe) obsol A wel el M EYew Fruojo} @
vl Table 3.2 &t fF-&o w3 H2AA708 veb o 2o
Table 3.2 Stay time in the classroom by the school
i ! Middle School Consideration
Classily Elementary School ) .
1osiL CImentary: »ehoo High School Factor
(reneral .
lei'srcr)(d)m about © hours about 9 hours
ass
,S_MY ‘Sl)('\(jlal about 1 hours about 10 hours Special Classr()qni
lime | Classroom and control office
’ ] N R
(i())fr}f(: about 10 hours about 10 hours ne(él_ 'f‘Pdr“’te
L > vision
Ulsing Facilities in Control Office (zeneral Classroom,
School holidays _ h Control Office |
Provision for Rest room Rest room .
. . . . . . Unit Heater
winter sowing (Daily Heating) (Daily Tleating)
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Load temperature difference)® & At&a 9 oew CLTDH-E & HHRe A2
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Table

3.3 Input data for load calculation by the classroom

Conditions
Classity T :
Seoul Gwangju| Busan Jeju
o d'r:v*huib temp. | o . | . o
.1 Cooling | S 3127205 1318260 30.7/26.2 | 30.9/26.3
Outdoor air - Ywet-buib temp [T o
- Ty drv-bulb temp. ) o
condiion Ty g | Clns 124l 6678|5377 01/-17
‘wet-hulb temp U]
Lo dryv-bulb temp o ~
.. Cooling i . o 20T 5 BhY
Fixing Jrelative humidity
condition . drv-bulb temp e
Heating | i , N0T 7 255%
| Jrelative hunudity
Ventilation I times/hr

Caloric value

Caloric value from human body

10 W/m'

~sensible heat : o1 W/hr - person

latent heat : 55W/hr « person

direction

facing south

floor height

2'fm

Structure width = length

of huilding Window{{acing south)

75 % 9m

15m x 2m (4EA, double window)

Door

Alsle

09m x 2m (2ZEA)

Window

1.om = 2m (ZEA)

Table 3.4 Results on heating & cooling load calculation by the classroom

Classify Seoul ‘ Gwangju Busan Jeiu
Sensible [9579 10554 0413 9398
, T ; yeyr .
Cooling L .. Heat ~ 10418 9318 9,223 9,146
Load Latent 1,804 1 804 1.804 1,804
N Heat ; B
[Whrl e 11450 11923 11903
i ] 114/&3‘ N kR U2 10,951
N 5615 7 |56 L4900 4427
Heating Load TW/hrl 4" 55 41231 " 3931 3,474
« I oote] QIENS AEe] f)FHE i oly
ob iz 7FA 7he-dl ¢ wdel Ko
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Al shw iy AdAAL Rebsivlel bz i Fekvh vbd el

Ao by wfi-ol o] w3k Jaks dpelstv] HEte] e vhelard
oA e At wHs o HEats st AdAen w
et =9l 71 bRl 9l ARk waae] dyks uuwsksdvh

Gl paln feelel Aetw o E

~Zidi7p el @ 4l A

-10

Table 3437 whetarddell ojgh bl abs MBS, ),
SRS Al Aol hepielvh wh A ojell Al ks ot o e st
vlata] 24u) ol A kel - 2Rul ol T oAles ARE QLo
el glAjell wpep ek boabel b glont wnbshn sl A
oF 18067k Abel 7k uhiz Alow zabu]Qvh e 7h A ed R dhgtstel
drelys Mok vhyriiatel 2holix ov] AEuh Fate] Weababel s 24% 7 =

o] L},

14,000
12,000 |7 ——
10,000
8,000
6,000 | - S B

4.000

Figure of Classroom

2,000 -

Gwangju : Busan : Jeju

-1
i 4 |
‘Coolmg,HeahngiCoolmg‘Heatlng Coolmg|Heatmg Cooling|Heating

Seoul

Fig. 3.1 Results on heating & cooling load calculation by the

classroom
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3.3 WA A dAg 2y
3.3.1 A YehiA M |3

st A E 9 WikdkAlA Aelg weotaty] QEke] AR 167 Al - Rl A
o] #{xE dof T nHe] wvhbAlAd #HES zalebgit) 2003d 29 7
F odae] x5 - a5 sw Wb Al FAL F s Table 359 @k A
A wAle] 854% % wibAlAe] Flof glon} 146% : whubA] o] Flo] )]

oy, nk g shg A S S Ao R gl MAR 69%R) Aow x

vkl d 2 2 stule] A MANH e 108%, T3t 49 18.5%,
ngstne] A9 18%, 55w AS 35%F2 ZANS S z=F 8o v}

o F- oYLt AUHoZ FA veksch

Table 3.5 Status of heating & cooling by the school

(Unit : Figure)

Classify 2?25?20?:11 CI[—)I(Z*I;?iig& Heating None
Elementary 184,625 10,181 154,449 19,995
School (100%) (5.5%) (83.7%) (10.8%)
Middle 98,687 5536 74,854 18,297
School (1009%) (5.6%) (75.9%) (18.5%)
High 104,636 11,130 74,699 18,807
School (100%) (10.6%) (71.4%) (18.0%)
Special 5,041 462 4,401 178

School (1009%) (9.29%) (87.3%) (3.5%)
_ 392,989 27,309 308,403 57.277
Sum (100%) (6.9%) (78.5%) (14.6%)
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1?? Heatmg ﬁ Coolmg & Heatlng [ None:]
200,000

180,000
160,000

E 140,000
% 120,000
100,000
80,000

60,000 r

Figure of Classro

40,000
20,000
0

. I

Elementary Middle High School Special
School School School

Fig 3.2 Status of heating & cooling by the school

it guanel Yo d BF FAE Yobusl sl Table 36
shogrol zabstel REahgith Afrkwel <@ AlHvuwAle] 302% % 7}

P WA A Er] 208% dobHNFAde 144%, A8 ik e5u e
9%, Ak 6792 Mg bbb elou] 01%e el 2504 e

WAl ks Abgatn], J1E 15%e] i@ e 547688 Y 5 A 8d

A W F 318%7 Al ol iR Re] AR ueE Ags)
AR FASROm, Sukiad] Abge iR 4RuRE 9lgol
9 NARNAS A gl §%7hae) wgon d AL

9ol felzh 2k relm whgAAol ohsl 14695 AEGE(NE, g
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Table 3.6 Status of equipment by the heating

& cooling method

Cooling & Heating Method

Figure of classroomirate)

Central heat

Ing

Cooling & Heating

Heat pump

21149 (6,3%)

Heater 7 Chiller

Boiler

G.160 (1.8%)

30,727 19.2%)

District heating

Uinit heater

(yas warm-air heater

22449 (6740

99,801 (29.8%)

Off- peak electricity

48,412 (14.4%)

Kerosene stove

Coal

01211 €530.126)

2500 (0.1%)

The others

5,476 (1.6%)
Sum 335712 {100%)
The others
1'(5’% Heat Pump  Heater / Chilier
Coal - 6.3% - 1.8%
0.1% .
Boiler
-~ g 9.2"/0
Kerosene stove /l‘ ,f‘/ Cooling & ™
/ " Heating
30.1% /f 81% £ District Heating
/ / / Central & ) 6 7%
g/ ,/ © Heating 1 ) ’
[’ ! ”/ 15.89% =)
E’ L Unit Heater / /
Y 76.0% S
\ y; 7
P
~__.~~—v//{= .
) o R
oft pe]al; E;c;clncuty ’ /'/'” Gas warm—air heater
' i 29.8%

I'ig. 3.3 Status of cquipment by the heating & cooling

method
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ahit el wds b el Aol qhobw ] glef St e Wt

W] MEEEE RAERe] Table 374 ol UEhuglth & - F - 1%

oA HAFC R staeliz Wl majugloh mEstie] 2.8
A s opybe nL Egle] lis s Sl P Eef of gk v A glol

Shacshel warse]l Aagh ot vkl

sl vlE] g gt o] divkd Al vjgo] e AS okl Al i
dfufebe] oftholul W Fellw ey skl wiiel Ao abdw
Table 3.7 Status of heating & cooling cquipment by the school

(Unit @ Figure)

qee | Heater | . District (:xzx_s off-peak | Kerosene | The .
Classify - Boiler ) warm .. Suwm
Chiller Heating ) clectrcity stove others
heater
Flementary | 10381 1 12879 | 10965 | 146,136 28,708 22608 | 2452 §164630
“( hfﬂ)l (6% (8%) (79%) (2R%) (1791 (3294) (296 100%)
\Il(l(”( 3.536 5,704 2,622 11,432 23,375 1,314 & 80,391
School (794) (79%) (T%) {119} (299) (2%) [ 1100%)
High 11,130 | 10407 | 5,696 7634 24,276 1463 | 85.829
School (13%) | 1129 (7%) (G951 (2895 (2% 1 (10094)
Special A2 1,757 166 821 0 637 G52 84 4,362
School (90} (3% (324) (1790 1 (13%) (2096} (2%) (100%)

Sum 27,300 ¢ 30,727 ¢ 22,449 1 99,30 13,412 101211 | 5713 | 335712
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I Heater / Chiller i3 Boiler B Dislrict Heating _](Jas warm- air heater

& off -peak electricity @ Kerosene stove tt The others
180,000 [ T ) T - T
160,000

140,000

120.000

100,000 -
80.000 -

60.000 -

figure ol classioom

20,000

40,000 L
\

_ B AT '
I lementary Middie High Spectal
School School School School

Fig. 3.4 Status of heating & cooling equipment by the

school
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Table 3.8 Status of heating & cooling equipment by region

(Unit © Figure}
. . Heater . District {v,ras off-peak | Kerosene | The .
(lassify o1 Boiter warm | S 1 Sum
Challet Heating Crelectneity | stove | others
heater
Cosmopolitan | 19163 | 21,509 1 22449 79912 19.365 10,121 172519
city (1190 | {13%00 ¢ (13%) | (46%) (1196) (6%) {100%)
Business TH46 | 7.682 . 19879 | 26,627 30,363 92297
town (895} (8%) | (2294) (29%%) (33%) (100%)
Farming and | a5 1 433 | 2144 | 50606 | 1,717 | 56,336
fishing _ e - - | o
village (0.7%0) ] (2.3%5) (495) (00%) (3% | (100%)
Remote 64 103 276 10,121 3,996 | 14,560
Place (0.3%) | (0.7%) (2%) (70%) | (27%) | (100%)
Sum 27308 | 30,727 | 22,449 | 99891 48,412 101211 | 5713 | 335,712
B EA A Eae] A9 Aoz AESEA, o je] B
FaNAlAle e B 47 Ao of 2o A Y
wold wolE Aol YAe] e A ow 97 el WA
CAPA] ol g 55 4718 g B4 - wre] B, AT st
Dbleaterf Chiler @ Daler | EDistrict Heating £ Gas warm—air heater |
S oft-peak electricity BlKeiosene stove E The others
200.000 = R
180,000 -
160,000
g 140,000 -
5 120,000
iﬁ 100,000
=
L s0.000
< 60.000
40.000
20,000 ]
. i
Cosmopolitan PBusipess Farming and Remote Place
city city fishing village:

Fig. 35 Status of

heating & cooling cauinment by region
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Table 3.9 Status of heating & cooling cquipment by climatic arca

(Uit @ Figure)

oo Heater | District ('IE{’\ o oft-peak | Kerosene| The .
Classity ooy | Boler . WATM L Sum
Chille Heating O electricity stove others
heater
Central | 1227 19992 | 19495 | 75,260 ‘ 21313 24,281 1748 [ 177513
districts | (790 0% | 0100 | A2 i1 L (%) | (%) | 00%)
Southern | 11827 10694 | 281 1 246361 ‘ 3(%,965 6,187 3,949 1196807
districts | g0 7o | 200 1 8% | A5 49%) | (2%) | (100%)
. 08 41 134 b7 416 1,392
Jeju s - : . oo
(A4%%) (396) ! C1096) {53%) (30%) | (100%)
|
Sum 27309 | 30727 | 22419 1 89,801 43,412 101,211 2,713 | 336,712
‘Piﬁi Healerf Chiller @ Boiler =] Diémétﬁl:liéatingi

_iGas warm-—air heater [Bolf-peak electricity & Kerosene stove
3 The others

200,000

180,000 !

160,000 |

140,000 -

120,000 -

100,000 -

0,000

Figure ot classtoom

60,000 |

40,000

T

20,000 |

IR L

Central districts  Southern districts Jeju

Fig. 3.7 Status of heating & cooling equipment by

climatic area
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Table 4.1 The summary of model school buildings
Figure ‘ The year
. . ; - [eat source
Classifv of of const Method Fuel
. . apparatus
Class -ruction
> Elementary o L Radiant
. ) 36 1908 Boiler N Kerosene
School heating
) Elementary . . Abhsorption Floor tyvpe .
\ ! % 2000 RO P City gas
School heater chiller FCU
T - T
M . Electric 3-way Electri
o 30 2002 S \
High School heat-pump ceiling type —City

=HeAE £A
7} 75m, AlE 9m, # 4o
of 2l AL AHdorn F9L u
Mgl Qo HEFY 7 ows
o4 Stiel A9 Ly 1

69 -

A7 Fig. 413 el
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o] 9jA 3L

ol 27metch w xwle] ado] Ay



7.500

)

a] -t

9,000

~=——Fan Coil unit

e |

4—way ocassette

AHRRS T

7.500 ,

I i H 11 ]

2,700

Ld—wuy cagssetie ||

Fig. 4.1 The Plane of Classrooms

Table 4.2 The summary of classrooms

Classify Contents
Dimensions 75m x 90m = 675m’
Floor height 2.7m

Window - ;

{Double window) Lom » 2.0m » 4EA
Door 0.9m x 20m x 2EA
Aisle - s
Window I.5m x 20m = ZEA
Outer wall : 05 W/mhT
Coeffwnen; O.f heat Roof 035 W/mh©
transmission
Window : 29 W/n'hC
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Table 4.3 Specilication of measurement cquipments

(Quantity Model ¢ Measuring range Resolution
Adr temperature I')h(?rm(')f'()}11\1)]0 : -200 ~-400°C 0.0017C
03mm T-Tvpe! |
Relatve Humidity VelociCale (3~ 5% 0.1%
Alr velocity “ /.\ . ) 0~=10m/s 0.000m,s
o (Kajo) T
. o Jdo VAC - o
77((i£)(nfm  Cresto) ()' .),Q()() pPm 1 Dpnl,,_,__
) ] MV 200
‘ollee Jatz R . - -
Collection of Data (YOKOGAWA)

Fig. 4.2 Data logger Fig. 4.3 Air velocity
(NMV =200 (WA-390)
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Abel 7h wopd wwo] 3004 AL
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(a) Measuring points for temperature and airflow (horizontal)
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{(b) Measuring points for temperature and airflow (vertical)
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Fig. 4.4 Measuring points for temperature and airflow
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Fig. 4.5 Schematic of measurement system

Fig. 4.6 Complete view of experiments
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Fig. 47 Measurement systems
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Table 45 Findings on survey of floor tvpe FCU in heating

Al

Classify The number of persons [%6]
[tem Cold Cool Neutral Warm Hot
TSV 8 26 15 743 6
i IIcad 4 7 36 19 ’ 38 4
LTSV Choest 6 34 15 43 2
Thigh 25 32 11 32 0
[tem Lower b]].lgl'wtly I\E;,HHFCN bllg-}Tt,I}" Raise
- ] ower | —ance raise
of Set TPoint ¢ . - .
Alteration 1 ) S 41 6
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Table 46 Findings on survev of 4 wav ceiling tvpe in heating

Classify The number of persons [%6]
Itcmr ’ Cold ) 7(:3{)()1 Neutral Warm Hot
TSV 2 13 10 51 24
Head 1 12 11 a5 21
LTSV | Chest 3 17 12 a3 16
Thigh 9 35 12 32 11
Item Lower | S0 | Mawten [ STBHY | Raise
ot Point 8 37 36 15 1
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Tahle 4.8 Findings on survey of floor tvpe FCU 1n cooling

Classify The number of persons [%3]
Item Cold Cool | Neutral | Warm ' ot
o TIev 2 44 32 6 1 16
Head 24 33 20 16 ! 7
LTSV | Chest 1 38 28 0 23
Thigh| 2 40 21 5 2
— Ty - T B T
Item Lower Slhghﬂ"" M‘”“f‘” Sizg_htly | Raisc
o ower ance | raise |
of Set Point o . 9 . o
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Table 4.9 Findings on survey of 4-wav ceiling type in cooling

Classify The number of persons [%]

Item Cold Cool Neutral | Warm Hot

TSV 4“ b1 20 5] 9

Head | 5 68| 5 10

LTSV _C_hest 8 ob i 13 11 9
| Thigh| 8 47 17 8 20
Item Lower Slhg},]tly 1\{:;1inten bhg_lj\tly Raise
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Alteration 10 ; 34 l 25 24 6
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Fig. 4.26 Claims for modification of fixing

temperature in cooling
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Table 410 b8l W0 978l AR om vhresr gfabd s 2 il e
b b VER IV A 2 bl ane] slgrghe HuaptE o] 050,
nprk Al ] FCUZEF - 0.095% vhelyket

Table 4.10 TSV for each position in cooling
Classify d-way ceilling Floor tvpe FCU
The numb(l ()f PErsons 100 100
\\(rdg( (:f I%\ -0.50 -0.09
Classify ()t F()(d{l(m TSV
Front - Ltft -(0.21 0.22
Front - Middle -0.38 -0.50
Front - Right -0.20 -0.36
Middle - Left 0.27 -0.22
Midd]o . Middlc -0.86 0.50
Middle - Right -0.67 0.00
d(k -Left 0.67 .00
Back - Middle -0.50 -0.08
Back - Right -0.75 0.33

Fig. 4272 o # Wi slam 2wy Ame) daps agen i

Ehul el el afthad 2] FCUT2] 45 2v) 2polell s QA o7 e Ao xA)E

ALt
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3-0.67

4 -0.86

The back side

(b) 4-way ceiling tvpe

1-0.67

3075

Fig. 4.27 TSV for each position in cooling
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Cp C, C, o o, o,
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Fig. 4.29 Model of the numerical simulate

Fig 4309 Azbaxe] 944 vehliolov], Xobit 62, YSHL 50, 243 10

©n F 5800078 Ak abR Al E ek

Fig. 4.30 Formation mesh in the numerical
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Fig. 4.31 Sketch of the ceiling tyvpe air

conditioner
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Fig. 4.32 Diffusion angle of the ceiling tvpe air
conditioner
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Table 412 7F el Feuh Fgdold i ebd Aol mH7E
=I5 30°, 457 B0°EL AL REtel AT MLl MEel i 2dHd e
&l
Table 4.12 Velocity data of diffusion gate
d?ii]:rge Airg;:;;ent 7 direction | X-Y direction
6507 486 421 2.43
457 169 3.32 3.32
30° -i;ck%(‘) - 2.43 4.21
15" 3—13 1.40 523
crefan eprladzlo gy Naakabe] el 20 S @8l e o
Azds 72tz fdetd om, Adke] Ao ohga g2k
Erkevdyms 24
97l &% o FAkA e FAol A1 dleolE
A FAE A2 3[13%, AR 12915
AEAIZE AT 19212 9A] ~ 104
- AR A  Isec
FEAA  Z1F 0.1%, &2 001T
Z712E 0 F487] 10T &7 30T
HEFEE 1 A7 30C stdr] 18T
AARRH A 0.7
HAdALEFE 1 1.0
At whAbE ekl 5 3
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EDT = (t,—¢,)—0.039(2002, — 30) (4-7)
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Fig. 4.33 Indoor air temperature change in winter
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Fig, 4347 547 ddApn ez 2uvle 75 1050 Axgt A3

dol sl deli AFE Sh X YHuel el FALNMEE Y 2
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THp

© ot 6070 gl Al
oz vt ER EE%S) 15°Y Afelt AFTNY FAW Luy

MR S L - < = ot

oAl Aok mabst AR BN Ao gbEe] ARl w

(c) Diffusion angle 8=45° {d) Diffusion angle 8=60°

Fig. 4.34 Vertical temperature distribution in winter
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(c) Diffusion angle 8=45° (d) Diffusion angle 8=60°

Fig. 4.35 Horizontal temperature distribution In winter
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N R T

(c) Diffusion angle 8=45°

(d) Diffusion angle 8=60°

Fig. 4.36 Vertical stream distribution in winter

- 118 -
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Fig. 4.37 Vertical stream distribution in winter

- 119 -



458 WA AE7TEC g A8 A

Fig 4388 WA A3Ab¥Es duzlel by § 5 FH 10m %eld
AU E ek Aot BRhe %9 A5 10040 F o aes
hohg e dow dElted, EER4L 30°shs & gelg wolA o

WoAe] BUE Aoz bl BETRL 60°8 39l 3040) e

Aol At AW R G AT ES fAb g g dehla gt 108

of ZAE Aol Atz thE VEAuvug 298 e @bs vehie 4

+ 15 30 445 460

Temperature{ T)

0 5 10 15 20 25 30

Time (minute}

Fig. 438 Indoor temperature change in summer
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Fig. 439 Al dd bt e2 AWrle 7bs & 1030 3k Al gl

el Mieh Hels A 92 #is X YvelAe FALEYES b

stouh Babie 30° 45%0] Aotz ket 28 b3 g
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{c) Diffusion angle 8=45° (d) Diffusion angle 8=60°

Fig. 4.39 Vertical temperature distribution in summer

- 121 -



Fig. 4409 WAl #Abhe s gulvlel by & 10%e) A 2w
ol el Mels - S st vitheld 10msole] FHEW e x

% oupehd glolth B 2tEk 15°9) Aol AUwre exv) e A

g} AFEte] aEy 2 xel A datavt shd AA BAls) s
o vepgen, $3M 110cmisolols] EEAE 15°9 Ao] FApgh Ht&
il

13h Roli AT 3000 Al AU Esl B4 15°9] 49w

{a) Diffusion angle 8=15° (b) Diffusion angle 8=30°

»ﬂ/ 4 //f\\\\ )
m-\ﬁ‘“f‘/ifm%\u\, f*‘ =

{c) Diffusion angle B=45° (d} Diffusion angle 8=60°

Fig. 4.40 Horizontal temperature distribution in summer
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Fig. 441 Vertical stream distribution in summer
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FAAVE S 1203 7Y 2020 ~T79 269) F sale] Aa ety

th Table 512 d& vldstue] & ANe g vk Ao

=t

Tabie 5.1 Description of school building

Classify Contents
Dimension Lot area : 19,7()5nf, Architectural area @ 5883mr
N S‘rructu;eﬂ reinforced concrete mthn huilding '
Height floor height @ 3.3m, ceiling height : 2.7m
Areé 9m x 75m - 67.:)m‘”

Scale Classes @ 22,  Students : 745

Alr conditioning | o
Ceiling type heat-pump (3.5HP)

system
Window Steel sash (3mm) + Plastic sash (3mm)
) Ceiling © Ceiling frame + 6mn gypsum cement
Conclusion Wall © water paint

Floor : Lumber flooring board

5.13 #7183 A
12 = B RS0l AA] 7hs e 350 CMHSF 500 CMHS] &2

S 713 E3)4-8 374 A (Heat Recovery Ventilator) & 4 2] 39l o},

o

Fig 518 @758 dA Huivie|n Fig 52v #7429 A4 g
+ LER Zlelth HAY FYHRE Alojo] F1 male] AW Rl Suin
Zt 1ol 221 AE d Ak 719 350 CMH, 500 CMH, 80 CMH (350
+ 500), 1000 CMH (500 + 500)e] 47k 2o 7Hgfo ©& COx ¥

EE SAAG
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5.2 Photograph of the ventilating system

Fig.
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e eldahtiae] ol@ Aol ool wishs NHy A%w =4l
/1 Fol mgsle] gl ot Wik 94 et Wl

Table 5.2 %421 4ok 4v e Uohd dolu] 54 gEe)
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Table 5.2 Specification of Measurement Equipment of [AQ

Measuring Measuring

Equipment Model Resolution
factor range
Temperature -50~150 C £+ 01 T
- - Relative =\ o 1000 RH | + 0,19 RII
Multi-function | TESTO Humidity © EVA
meter logger 445 Aj :
I eurren 0~60 m/s | 001 m/s
speed
COx 0~ 10000 ppm | 0~0.1 ppm
CO 0~500 ppm 0.1 ppm
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Fig. 53 Multi Gas Monitor
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Table 5.3 Measurement schedule & method to the school hours

12710~ 12:55

12:60~ 13145

13:45~14:30

6 class

1440~ 1525

Measurement for 5 minutes

when ventilator is operated

. ) Measurin
School hours Measuring method N &
Factor
Measurement for 5 minutes
2 class 10:20~11:05 when ventilator 18 not
__operated

3 class 11115~ 12:00

4 class

CQO: Density
of indoor &
outdoor air
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Fig. 5.4 Photograph of IAQ Measurement in the

Classroom
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Table 5.4 Results on natural ventilation in the classroom

[mitial Density

Density after

Amount of

The number of

Section (C) t ti‘mes nat-ura?I air changes
( Ci) ventilation
1 times 6,319 ppm 4071 ppm 16om (.95
2 times 6.220 ppm 4018 ppm 165m' 0.95
?ﬁ tlmes 5,290 ppm 3624 ppm ‘ 144m' 0.83
H; txmos 4715 ppm 3.133 ppm 156m 0.90
:;ﬂtrimcs 6,083 ppm” 4134 me' : 144m’ 0.83
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5.3 gy

Table 55i= 71 ae] /808 CO w2 S A0S vepd Aol
sl Al o] Ao kbl st FR A 5 B g A E ks ek
oodek Theskal s el CO: g ke vl Syt At g
At 7hgek Al o8- Adejel A CO. Wty i 2060 ppmS H L $Hl A
A vhestd s wWel CO» gl gb IR SbvERE RA: Bl A el
vEal vhERRbeh

“shiomn AT AT A TS Sl aah kel B SIAI e
wpeid o algtell A ek 191 ST 216 CMHelv] wAbE 28k 3190
el A9 2 A 670 CMHA =8 Fhvleko] Slagh Aow o} Qluf
Table 55 Resalts of measurement for CO- density to the amount

A A

of ventilation

CO» Density{ppm)
Amount of The CO: Density Ventilator in operation
ventilation | number of | of outdoor air {Ventilator in i be
(CMII) persons {ppm) non Average in Total
-operation Max school . (d
hours average
350 30 370G 2,150 1,813 1,488 1,261
200 30 368 2050 1,491 1.307 1,165
850 30 376 1.714 1,489 975 923
1,000 30 375 2323 1.220 816 803

~ 144 -



Jidu) o)

dele] 47 FREU F olushiad dd 84NN
1000 ppmelste] 2a gho]dsg vhEabls 49 850 CMHSH 1,000 CMH
ol el VI Aolm olwje] gIA D Hyt CO. TR
ppm o A Ep el

= 975 ppmt 816

wale

bR olvh o 5

Fig. 5102 3bv| gk} o) ababel i ‘wlosle] ¥hAlE
P8 1000 ppms v1iedk -9 3k/)8F 350 CMH,
1.000 ppm<S- 7005

wa e g
2w A gvlek 770 CMH A wrh Zast Ao &
Ml

2000 -
SRARH B A
S &3 -A- ‘
T o 1B l o
a - A 1307
& | AT
0'“1000 LI S 975 816
o nes AT
ZDIE
B2DIZ (1000 porr) %3 an
800 F. i
21373 pprm)
0 | 1 1 1 1 i 1 1
30 400 500 B0 /00 80 W0 1000
CvH

[Fg. 510 Relations between amount of ventilation and

density of CO-

- 145 -



W7 X BE B EE 54
RS el W g E Auls

AEATIA, w7l w7 9]

bowstel i Aol el &R AR S e BvieY] fale] A

& oatdel Figo 511 grel Wabw sl mel fl 1A g AL A skl
AEAptES slEgeE old7) Adels ol 09 AFE AA7ste] o)
A3 2dadg Aofsts, fvigted afvl ot Atk Tole] gabah

of eyl FrE A e S el el A e s eEe 850 CMH
olv}, WA #7134z 21431 /hr oluh 01 HAS Har ] 95

o] Mmoo Aol Al EAF /AN (ocal supply index)$d 7w E S (air
change effectiveness)S =3¢ 2348 AQr oA &5

) FAA M TR AFTII} Egs S HA REoAe] oA

L 9,000 [
Y
® ® 4-way Ceiling type

" Heat Pump

% | Supply Air

~
|~ Exhaust Air

! @ @~

Fig. 5.11 Schematic diagram of a classroom

- 146 -



the Fig. 51290 el wael Fel 538 A7z lu, F7170) A
da A zlel distel Aarwraat dizbae o MRy A gol diste] 2

H R 2k

Aamrdakell o)k 7 g-ol= HAE Azl EEs 2Tl olma A
off FolAl ®Hew 7R wr] el Fan e ARE Agr]el 7]
ek ol s yivh gk b alikatel] AgE Aol WA FE
oAbl A Azl ol tEl #olue] ahWWF el Feks o,
T-pol & V4R by

|

{

i

|

!

'p

-

i . 3
!

{a) orthogonal

Fig. 512 Schematic diagram for

(b} diagonal

an optimum location of a supply diffuser.

- 147 -



Hakad Al vlel ) ate] ghlel Wit AEGE V) 58S Fig 5139

CATE RS FWel WAEE SR AEE ey

4905 < odvh el il ok 1D Al el Al E

[
—
]
C1
Can
_>L
0
=
[
=
_..,\
A2

e2 BEREEIET

& 6 i Sy 2ol gt A

HEE N

A slel 3 § Aol gk 7] wiize g Aok

oW
ow
@
jo
QO
=
IS
2 —
=
- - i
&% orthegonal
s . [ |
2]
80 1 -
01D 0.2D 0.5D 1D 3D 6D
distance

Fig. 513 A supply effectiveness with distance between
heat pump and supply diffuser.

~ 148 -

100% 16k 2ol thebiieh ot vl el e )



5h @9

#Hoboul kel A i Heksk ] (Poor indoor air qualitv)e] SHApE

oLkl el el greel Q@S R bl WEsta 9on

1

vl Sk W d (USEPA )Y A 3 "TAQ Tools for Schools Kit” (200003 &%

i

slelul ol IERLIFE Aol M1 ek g 9] ) 20028 AN Eke] fral

o) Formaldehvde % VOCse ats) AbAlskal 71 A 5 A A& o, ot v
ey ERER Aol oM il A5 AlAl of el chepell s A AT

staiio]l WEals B aidel $1998 WA galel B v

wogel A shingdizel Bold AS ¢lelel whe) wale] 8ol vl
S19A% dAehn ol 9sEl A lswel whit /RS NPROR R
s v

el Eoqlatell AlsE COuvE 228 AP ESEEou] slvpk el o 2 3: ASTM
Standard E741 839 2gh Al (Step down method) s o) &35y} =
dofl olgl A #2185 A7 0898 2 ZAFE Ao

of & WAl e sl 30 e] gl FQl Aol A elatsbglkaie] 3
g = vE 29207 ppmeoty] eyt 1709 ppmoi FHEle] waAle] A
o]~ 1,000 ppmel nlEle] 7000 A Falahis w18 ek 4 el

L I R I

Glio]l e AW vl E S A ssla, ey 2]

i

of olxbebib s Wb 373 ppm o W, 9l 9 wae] olibsheha B E
1000 ppmel gz G487 918k #Hherel elvegdabe 770 CMH A% s

WAl M ent aede] ghA RVl af ekl e 19l B 2L

[ep}

CMHell vlste] 192 4 Fvksbiz 7o 3Aps Q)

- 149 -



e AEk L SIEA s e B

AUl ]t el wf Al Zlo] aiilel ARt dv|SAde] Felaty,

Vo A COr w715 1,000 ppme- 217

)

CO» ¥ 57F 300 ppm Al Ao Ay viFolw, falviel wmalx e
7] CO: v % ZAHZ o] 430~500 ppmel H & zrershH wixrap Hels

1000 ppm 715 WA 717] ofvl - ghejel B o4 qlvh w3 sty gl

- 150 -



6.1 44 2

T~ ol o O =
E ofase 99 mas tiew Yuuasde) Byvd Hue

(1) elvkel A= gn 5 108 viwke] &wrl 3% 28 A5 8kale

el el T, wE Aol wWukretsh wgyate] vlale] 24u of
S Ao vrht B S4e] B FEAAY Agel R,

(2) WA wWdel 85.4%7) e &a o, T F 6% HAadE
of 21k spvhdeln, 69% = W ® HWAEE FAY 5T o] A

6
A Gk wAle] 2o

i =S | = =

Mol obgl 146%9F ME GRS AFRE= 61.6%= 7Mdol B, 33 7

S

Aoz Agsta AP DKBYL £ Aatel W @ B9

bl E 3, fA skl el g ghekeh U4 Kok A



of A gl o}

(9 ohal el eelgd wan AR deh 2w} g4 wye
AL Obh MALthE A APTEE A, b BCUelH, Sy i

PR AL RRE nbEE A A FCUVE 270 ol MAAPE Y e 5T E 2
ahelvh ol 58 dah oAbl A g s ddA ey
A pFCUelu] il Erabis Wb BE 15Ty, vk A PCU

DU mafebir Ao Hebulth

(h el digh A zp alitxab 2o dA

prEde]l $EW A0 urhsbon] WRedgn @A

2 3007) A dos, By WubA EEzbel 1577 4318 o

WA E o], BE i 6070 Aol sty VIR e shelel

ol wZAT FYU Ao glefo] Al ol RielMiz auis
@ rean gele] My %9k 4 ARt

(6) FH k2ol g A Au Sl wrelimae) Aelshs|ere A

L

1w, RGN AEE 08085 2AE Do, ol WA Feli
sl 30m el =4l Fel el A ol dhahehtel HolEiist 2207 ppm, @i

T L709 ppme.E F AR aide]l AL VIE 1,000 ppmel MlEHo]

-

0% WE zshehs Ao Py

- 152 -



(7 wbg] anddel gHvlAloanl 218 dat sl g x) o] 9y leqiekol St
of il Wl E LA g wedeh 9lh W v)e) elstbsivb A FEvl 5373
ppm SF o, gl cEQl wr el o] shgbvlb A e T 1000 ppmel §Fs i+ 8]
A& FHagke] Qw770 CMIL 1999 f)7]xgleke s shatbetol
207 CNMHs A wgleu shs gl dv]eedl A gf gt 2l 1909

#HagkvlgF 216 CMHel vske] 192 45 F2abi= Zlo s FAuelch

) melshW e 9ls Bgd deaiel g A4S §ls 88 )
malsl ehul iAol SISl wivte] 217 alule] 7] Aol ulz)
RS MY A PR AR ] cAlel mAsks o) el
Fota st A Al feldh, S EE Sueld AHTI e

W7l R A sk g gei WA E Atk ozl we

o MRl AN T Ae] g del o s R gol

e A, g on el eyt o3l stiie] Az A

ghehiz m@eh i g delth o) el deehs S AUE Bl

slel olwbHam olebst @ yel st g8l Hejxan fa 29

wpeb] felubebol A Shiviliel AuWad e AHSA fA8719T A
ol gulsh WAL Ak Lasel S8 AWENRE DAL ol
& R 918 B sel ga g Wb aniel @) vl A

el F ool o Fpaloltt

- 153 -



olo} 2 APE Fal BAZ N A ANYers AN nu

AR, Stids A=A Wvhl R So A g ndata @gows v

Aol duls Fvpe A A ol we v go] zoda 9ok

wet A AA dARE Wb 9 s g Bo) o dulE 4 1ER

A, wdel w14 B slekel BAGAS] HR AFH Agoln,
TAWel BAAW/FO] GE oA FE 1000 ppmE WA 7|2

= olegol we 44elng wAdon ddrue anddsE Aol

- = i - gl

-

ARE ool ol 3o, K8 AA N o] guel el elejH A9

FNAR HAGE A7l Ao Aoz ArA

- 154 -



6.2

K,
T

F5 AAA

Rlike] Falm el A uhEE @R ol imbal G gk

st el S4dekd M2 99 Passive Solar Systems 70

Sih

Swdge T4 ANe Aw AAF

- 155 -



(1]

[2]

[3]

(ol

PSR RN H IR wg . SeelT (R

911, pp. 102-121, 1998,

RO L P L S ST R L ATE T Ao IR I I 05 S

2002. 4.

Fanger, P, O. “Thermal comfort  analvsis  and  application  in
environmental engincering”, MceGraw Hill, NewYork, 1970

Shiller (. E., "A comparison of measured and predicted comfort in

office buildings”, ASHRAE Transactions, Vol. 96, part 1. pp. 609 -622,

1990.
A, AR AN aE s, el A Shdele] 2o Anmlel W
SEA el g Ee - s age sl ST B, pp

Jonse, B. W, and Ogawa Y., "Transient interaction between hwman
and the thermal environmental”, ASIHRALL Transaction, Vol 98, Part
1, pp. 189~195, 1992,

T. N[iura, K Kimura, Y. Dominaga, A, Akutsu, and Y. Suzula,
"Experimental studies on the optimum temperature of room cooling in
summer  for  hghtly  clothed men in relation to  the  outdoor
temperature”, Journal science of  labour, Vol, 39 8 Part 3. pp.

403 422, 1963,

- 156 -



[9] Tanabe S. Kimura K., Hara T.. “Thermal comfort requirements
during the summer In Japan™. ASHRAE Transactions, Vol. 93, Part
L, op. 261~-577.

[10] Fukai K. Gotoh S Ito H., Akui S. "Experimental study  on
correlation between standard  new  effective  temperature(SET™)  and
japanese thermal sensation”, Transactions of the Society of Heating,
Air - Conditioning and Sanitary Engineerings of Japan, No. 51, part 2,
pp. 139~147, 1993

[11] C. L. Anderson, William H. Creswell, "School health practice”, The
C. V. Moshy Company saint louts, 1980.

[12] Donald . Stone, Lawrcence B, Stone, James D. Brown,
"Elementary  school  health oducation  ceological  perspectives”,
Brown Compant Publishers, 1983,

[13] Marion  B. Pollock. Kathleen Middseton,  “School  health
instruction”, Moshy Company, 1994

[14] W. Edward Montz et al., "Construction problems cause numerous
air quality complaints in high school addition”. Indoor Air, Vol 4,
pp. 968-973, 1999,

{15] C. 1.. Henckel ¢t al, "Survey of indoor air quality and pelleted
complaints  and building factors in Minnesota schools”, Indoor
Air. Vol 1, pp. 590 595, 1999.

[16] Indoor Environments Division, US. Environmental Protection
Agency, “Indoor Alr Qualitv(IAQ) Tools for Schools Kit”, EPA

102 -1 95001, 2000

- 157 -



[17]

(18]

[20]

[21]

[22]

{231

(24]

[25]

[26]

[27]

[28]

S H, A

R

AL u o Auel 91T, ek g Al el pp.
57, 2000.

MWEW W, "oV T AT LRI A N B O BIEETIC B A e
EEAR T g iRl SO 3 cB433 15, 1992

ARk, Bl o B il H s 22 R R o) N AT BT B K oy
BURKIICH A 2 BP7E7 LU A @ sh iRl O 2048145, 1996

jin Ishii, ” Field survey on thermal environment in classroom”, 25th
Svmposium on Human-Environment System, Part 1 4, pp. 1114
2001,

e, il Wivhbde) FRE 913 AR AT WS E R AbAR]

ra
=
Job

1o

1, pp. 21-38, 19%.

F,ovabaw @A BAAA we N2 Yo, SRS A8k

= o L=

<
c

C
s
=}

k=

[\
IS
8]
0o
—
[t
48]
{e]

Wl A st dg e oA dery WAl wEside] #

o

5k 92" RTR: Soe s 2000*%_!’06, 2000.

AR g ol A AT bel wel AT

Ae, A%, wdAe z-F e ngaw wde Ay FedE
off ¥k A7, kA A 4179 A1E, pp. 20 27, 2002
el Faks), A F e e, dednlEhe, 2001,

BB AT, CANRA AR Bopbel a A1) (£

oI Ee aA)”, wE v, 1993

ANSIYASHRAE Standard 55-1992, “Thermal Environment Conditions

for Human Occupancy”, ASHRAE, 1992.

- 158 —



[29]

[33]

[34]

(35]

(36]

1371

[SO 7730, "Moderate Thermal Environmental-Determination of the
PMV and PPD Indices and Specification of Conditions for Thermal

Comfort”, [S0, 1995

71 A
TI

S AT 9 BA w gheluerel i

k=

75 2002,
ASHRAE Standard 62-1991, “Ventilation for Acceptable Indoor Air
Quality”, ASHRAE, 1991.

h

FENS, AW A e $1d Bl BT §oedleizde] il
el A Aek AT b et HhALER R =, 2002,

AIVC, "A Guide to Air Change Efficicney”, Technical Note
AIVC-28, Air Infiltration and Ventilation Centre, 1990.

European Prestandard, "Ventilation for Building @ Design Criteria for
the Indoor Environment”. ENV 1752, European Committee for
Standardization, 1994.

J. E. Janssen, T. ]J. Hill, "Ventilation for Control of Indoor Air
Quality © A Case Study” Environment International, Vol. 8 pp.
457-496, 1982

Sandberg, M. and M. Sjoberg, “The use of Moments for Assessing
Air Quality in Ventilated Rooms” Building and Environment, Vol 18,
pp. 181-197, 1983.

ASHRAE Standard 129-1997, "Measuring Air Change Effectiveness”,

ASHRAE, 1997.

[38] HASS 102 1997, "JRSUHRE - MIBEaE", 114 R RMR - @4 1R g, 1997

[39]

H

2

A, “FHvERE ol g s Ead e B as F4

e
iz

4, 27

oz

L

Z3b s ks =8 A61d, 415-420, 1997,

- 159 -



[40]

[11]

1421

[45]

[16]

[17]

[18]

[49]

ghrma AR vl @waa Add ge A9 - 2% Sl %

ot S, 1991,

=

Hl BT
1 1

L7

FOI
a5
r'\

of bl 2 Aol ek olfT Fhatifa) 4ol

#, Vol. 6.3, pp. &1 92, 1999,

™~

e AAE L AL A A ukgal Al g alel o gt

—

Sy "kek PMV, SET+e] 484 T o) ask - By )

Kk

AR

e ap g Al gl s A E e Jul 29w gly] B4 e

el a-sks] 20038k A Rt B i E, 101 1116, 2003

ol B - A - Al AR e AW ETsAe sk g
Rzl el wEh ol dleld ekl Ry A13d 63,

185-195, 1997
(SIS S

el ol g M A el A 8ol gl o) Ay

gU1g A vlAe gl ww ot e g s mie A11E10

aas elo)hnt S M Ad 29 W B 547 o

1 77 FaN T

6‘]_- Ad H] A 5

b{\

| 20038 A E N B w1, pp 11111116, 2003,

£, AT Age Fa e Augs A e g

- 160 —



T pp. 1194-1204, 2002

301 SFdel szl el wr e e g wale] fdgd Ao
A dE ST ghr g e ks« A10H A4E, 2003,

[D1p ebadel. fzb e, 8 whas "ghuase] 3o e 913k sky
ARl Aol yh ek QI ek s &) Al ske) ) A1 Al2E, 2004,

[521 Ko Ho Lees Yo Go Lee et al. “Indoor Air Quality and Sick Building
Svndrome  in Office Buildings . AIR 96 The  International
Conference of Indoor Alr Quality and Climate. ISTAQ, 1996,

(D3] AHAM  Standdard-1986, "AHAMN  Standard method {or measuring
performance of houschold electric air cleaners”, AHAM, 1986.

[54) AIVC, "Ventilation and Building Airtightness”, Air Infiltration and
Ventilation Centre, UK, 1904,

91 Fanger, P O, “Human requirements in future  Air- Conditioned
Environment”, International Journal of Relrigeration, Vol 1.24, Dp.
148153, 2001,

[56] A. P. Gagge, A. P. Fobelets, L. . Berglund, “A Standard Predictive
Index of Human Response to the Thermal Environment”, ASHRAE
Transactions, Vol 92, part 2, pp. 709 -731, 1926,

571 Offermann, F. ], “ASHRAE Standard 129 Standard method of
measuring  air . change  effectiveness  Initial  test  result”,  8th
International Conference on Indoor Air Quality and Climate, Vol 1,
206 211, 1999.

[531 Int Hout, D.. "Thermal comfort calculation / a camputer model”,

ASHRAE Transaction, Vol. 96, Part 1, pp. 840 344, 1990.

- 161 -



[59] Sandberg, M., “Ventilation efficiency as guide to design”, ASHRAE
Transactions Part B, Vol 89, pp 455 479, 1933.
(601 “SINFREE 7 4 — 7 2, "4 7 4 2% NERLA A (POEM -0, 435

ST Vol 83, Part 1, pp. 564~577.

- 162 -



	표지
	목차
	초록
	1. 서론
	1.1 연구배경
	1.2 연구동향
	1.3 연구목적
	1.4 연구내용 및 방법

	2. 실내환경의 쾌적성에 관한 기초이론
	2.1 환경과 인간
	2.2 온열환경
	2.3 공기환경
	2.4 학교건물의 실내 환경기준

	3. 학교건물의 특성 및 냉난방시설 현황조사
	3.1 현황조사의 개요
	3.2 학교건물의 특성
	3.3 냉난방시설 현황 분석
	3.4 요약

	4. 학교건물의 온열환경 분석
	4.1 실험대상 학교와 측정방법
	4.2 동절기 온열환경 측정
	4.3 하절기 온열환경 측정
	4.4 온열환경에 대한 설문조사
	4.5 천장형 냉난방기 기류각도 수치해석
	4.6 요약

	5. 학교건물의 공기환경 분석
	5.1 실험대상 학교와 측정방법
	5.2 실험결과 및 고찰
	5.3 환기량 분석 결과
	5.4 급기구 위치에 따른 환기효율 특성
	5.5 요약

	6. 결론
	6.1 전체 결론
	6.2 향후 연구과제

	참고문헌

