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ABSTRACT: In this paper, the effects of ventilation and humidification on thermal comfort
and indoor air quality(IAQ) were evaluated in a classroom when a heat pump system was
operated in winter. Thermal comfort parameters, such as temperature, relative humidity, globe
temperature and air velocity, were measured at 9 points in the classroom. The concentration
of CO2 and total suspended particles(TSP) in the classroom were measured in order to
analyze IAQ. Temperature distribution in the classroom was decreased by 2~5C when the
ventilation system and the humidifier were operated. When the relative humidity was adjusted
to 60% by operating the humidifier and the ventilation system, the predicted mean vote(PMV)
in the classroom was within the comfortable range of -0.5~0.5. When the ventilation system
was operated, the average concentration of CO2 and TSP were decreased by 645 ppm and
0.17 mg/mg, respectively. This paper suggests the humidification and ventilation conditions to
maintain the comfortable environment in the school classroom in winter experimentally.

Key words: Indoor air quality(2 W3 7]4), Ventilation(27]), Humidification(7}<), Predicted
mean vote() 429 7H), Thermal comfort(E 3 2 A)
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Table 2 Specification of heat pumps, the ven-
tilation system and humidifiers in the
test classroom

Specification

Heat pump |Heating capacity : 13.2kW
(LT-W1100SD, | Cooling capacity : 11.0kW
LG Electronics) |4-Way cassette type

Flow rate : 800~ 1000 m'/hr
Total heat exchanger type
Total effectiveness
- Cooling : 656% @ 800 m’/hr
- Heating : 72% @ 800 m'/hr

Equipment

Ventilation
system
(LZ-H1002SD,
LG Electronics)

Humidifier Humidification rate : 2.8 L/hr
(MH-601, . e

Ultrasonic humidifier
M-Tech)
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Table 3 Experimental conditions of case 1~4
according to ventilation and humidifi-
cation conditions

Experimental
conditions

Relative 20% | 40% | 60% | 31%
humidity(%s) RH RH RH RH

Number of
persons

Case 1 |Case 2|Case 3|Case 4

25 26 29 25

Ventilation
system on on on off
(800 CMH)

System
air-conditioner| on on on on
(23°C)
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(a) Case 1(20% RH, Ventilation system on)
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(c) Case 3(60% RH, Ventilation system on)
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(b) Case 2(40% RH, Ventilation system on)
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(d) Case 4(31% RH, Ventilation system off)

Fig. 2 Temperature distribution in the classroom according to ventilation and humidification conditions
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Table 4 PMYV in the classroom as functions of
ventilation and humidification conditions
(Case 1~4)

Measuring points
Conditions avg.
@[ @i® @@ |an|an a2
Case 1 |046]04210.45|1.02|1.12|-0.01|0.67|049] 034|055
Case 2 |041{0.31]032[0.59] 0.7 |-0.09/ 046 | 0.39| 0.26 | 0.37

Case 3 |0.00/0.03]0.13 | 0.08|-0.13|-0.10| 0.06 |-0.02|~0.20{-0.01

Case 4 10.74/0.83)0.87(0.52{0.51 |0.91{0.63|0.58| 0.6 | 0.69
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ding to ventilation and humidification
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E Y Aot &% X golA Case 17
frAbet AeS Bolm ok a8y 7)Y By
o] o]FojA A g o AYY 2% = Case 1

24
2o EA Yeldz itk Case 49 E A2
qoAAel 7tEol SvEEA FASA LE7) &
Zate AE B ¢ vk E3 @A™ 7}
ol FHHUEA Alzgooj wlZ o}fx] 9
710l Eopzl AL B 4 QU & (), ®)AH
9] =7} Case 1] H]3j g 3
o oolE Er)d ofs FAHAA 7
HA Alz=ddojzieA EE" 777 A4
£ F3 Y7 wiEoeltt

i_

3275 ¥ 7o wE nAd ¥z Hst

2 d7old PMVE E84 ALd slad ot
Al HHEE FBristAch ATLE, Ay

BEE 9 HALREE A4 ZARS H
gatRom QA9 wdae Ao AR @,
AFA, AT golA = BFOE 12MET
TOW/mHE H& 4ok w3 Fo)ge 10clo=
dubAel ALH ot S HGs U &2
G 29lE, uhx], GTe NS Aes 7446

Al 7} Case® 7He9 A=zl wal 7t Alx"le
35 EEe AdAde HFEU PMVE ¥
g Aol

Table 32 Case® ZAHA M9 PMVE e
ook B AFeME AWst FAAH =g
Pon FgEE 104 30873 PMVE 2 A4
2 ZAHAE A9 old &H& 183 HA
sle] W3 groeg AAE 3% oottt F7)A
2Ho] e {Ho & PMVe W3lE Case 1
3 Case 45 ¥ EMgozy gt & 4 9
e} Case 19 2% (6), (7), 10 2L ZAFH
A ARAA 71ES Holu) 2 B AHE B
A}, ztzhe] Y= wlwd 7)ol FA A5st
¥ ggelrh. 1o WA #IA|~EE sHE S
A gE AE AHAIHe 27 FssiuA A

o PMV| HAWHE -05~+050]ch.

PMVE 2E, 55, BARE, 7|R$E T &
TR T LA ok wgA HA sk 2
As W7 488 FRdA2Y 7he 224
o3 die £, SAzAE @@t 2% &
ZINE" ] 7hE el WA AW 71 F&
ERE 2L §E, BAL:EE gt o

kil
7t



A&d 7ts 9 87id o&

(X
--w- - GCase 1(Ventilation on)

04 —= - Case 4(Ventilation off}
15, Average 287 ;:glm (Case 4) .
E o3l At YA
fo e
,‘g‘ * %\- —" rinm®s }m R Y, ,“u""u’ 3
g 02 L Average : 280 uglm (Case 1)
g
]
o

[X]

6.0 F U R YUUUE U SO U SRR | |

08:00  09:00  10:06  11:00 12:00 1308  14:68  15:00  16:00
Time{hour)

Fig. 4 TSP concentration in the classroom with
ventilation on/off.

AgAe A Agstiz BEE Holdn g,
7hdl 9%t PMV"’] W 8lE Case 1, Case 2,
Case 3& vl EAgozy sfod ¢ gl
Aol 2L Case 3024 HUFE 60%2 74
S HAE Ffol FEE JhFo] o]FoiAd
A FRPFoR o 9do] goldn A4
AA7 HH WY el ddth Case 13 Case 2%
sy vIEAE glojubi: FHugteld el
Holtl Case 29 2% A<k 40%2 M5 o]
ol ol AW A Yhgrol g dY ol F HH-HQ
tEe wgoRA Huy PMV ghol 070909 ]
3 Case 19 A% 1128 I2Hoz & Hazh

& @i vk gk stgg B AT
o 44 MR stAg & 9o, AYE &
Aoz 7H5E HASHE Ao fralsyh & A
ol iz HAFEE 60%E 7hFste 2o 3o
2 el Case 49 7148 314 &a1 74
FeR R ]"""5}5‘] S& A7 AUt st EEA
AAH oz HA WY AAXNE QoM 4 o

& F9g AT Qv

: Ao A4 E a7
T oEeY g4 @9 s d%gs 4 4%1-1
Uck By & AUl HATE A3
iz 71EHoR &l dlmA]l o|Fojxof H
v, FUlFE 60% 558 #A8 & Ui MGe
2 Ao HH i 24T ¢ o}

3.3 #7jof w2 =

AlZbel whit A 2H9 COr % FAHL (5)
AN ol wAHW CO: Tk 4

awdd AAHEE B4 407

b g Aog Azdd Cr B:EE
e} Adaie] o 9o &

Fig. 3€ 7} Caseol W& 4y CO2 5% W3}
Z Yt} Case 1, Case 4% #H71A~% 715
Frie e COo: ¥alE 3 BnddFn dvh &)

288 IS 9 (Case 1) SR AYA
TAste BV1FAT de A% 71$9) 1500 ppm
ol3tR A&HHOE FX & 74 HE At &F
| Z4E Boluzh AAAZO80R )W $A3
2%g 12y @V AHE HEEA @8 AL
(Case 4= 7I1&AE 2dste 248 ¢ & U+
AR Fo wEHAME COe %’Es’:t Wkl A4
Case 30] ojFold & 2Foli= Adeigde] 449
%73t 700 ppm FEold AU T CO2 F
27 1000 ppm7tA ds3tay 28y J1EXE
RS- ie= 3

tok

34 &I|of WE ZRREL 55 H

b

Fig. 4i= @7[A 289l 7bg #5o wg F
SEAET WS HAZET ﬂﬂr 1A 2= Eh e
Ve A9t HF 0260mg/m’d we) )
AaEle HEEA e AS$7F 0287 mg/ml
2 oF 10% 7 wA dEkth dele HR4E
A

o -z

ey 9 Ao ot zA e 4
ool F7izt @714 "€HE AXHM dARE
BEgEAe] A" F 4 Yz duy
o8 ANAN2EE THEEEE AUt vHEE @
A& dET 2B FRFERN 5 e
4. 2 B

EodqA ALEH #rA 2" 2 Ajadgoo]
A AAE g ade gaor 7 %-’*~ U o
Fiel weE Ad 44 4 3148 grisy)
de LE, F%, BARL, JEHE, LOz 5
4 FRFEA5EE £45t0 PMVE 24349
o v} e A2e L

(D otw wae JdUlgs X A2
& 7HEsA % A9 BN2ES AheE

ALHd 2~3C ¢ %r;—?ﬂ YERET itk WA
of 7hi& AAE A A el zolst
vhebu g A ko] =
At g wE gherstA @ agi,



408 349 - 4UY - AFE -

|

(2) 8718 A ke F$7 e a}g;g
AR "AHe2 & PMV #& Holn
#71E AASA ke A9t BE ledf»ﬂ
4 HH FHE ‘14014 Atk st A
Ao HH=E FdEmst 7125
HeE Eﬂﬂﬂr—t— Aol FolEa gl
=7F 60%Y W AA g dx
el Qo
13d WA CO2 55 H3E 7149 &3
ot 8719 fFek AAzRY FFo)
COz &&9d 93 AAHT Frjrrde
7HEStA 88 AE A Ad 2594 A F
2l 1500 ppme ZH3E Ao eyt 28
%EXWE” ﬁ&ﬂ*li%—% NEEA ge AL

s

&
E
o & con

>i o
fu oy

—lU ru>

o o
rEL rlr

1. Han, C. W, Noh, K.C. and Oh, M. D., 2006,
Comparison of the PMV and CO: concentra-
tion characteristic in the lecture room with a
different airflow rate of the ventilation sys-
tem and heating system for heating season,
Proceedings of SAREK, pp. 411-416.

2. Teodosiu, C., Hohota, R., Rusaouen, G. and
Woloszyn, M., 2003, Numerical prediction of
indoor air humidity and its effect on indoor
environment, Building and Environment, Vol.

38, pp. 655-664.

. Kim, D.G., Kum, J.S,, Choi, K. H., Park, H.

W., Kim J.R. and Joo, 1. S., 1998, Effects of
relative humidity on comfort sensation by
comparison between the young and the aged,
Korean Journal of Air-conditioning and Re-
frigeration Engineering, Vol. 10, No. 4, pp. 381-
388.

. Janssen, J.E., Hill, T.J., Woods, J.E. and

Maldonado, E. A. B., 1982, Ventilation for con-
trol of indoor air quality : A case study, Envi-
ronment International, Vol. 8, pp. 487-496.

. Shin, H.S,, Lee, J. K., Ahn, Y.C,, Yeo, C.S,

Byun, S.H. and Lee, J., 2005, Measurement
of indoor air quality for ventilation with the
existence of occupants in schools, Journal of
Mechanical Science and Technology, Vol. 19,
No. 4, pp. 1001-1005.

. ISO 7730, 2005, Ergonomics of the thermal

environment-Analytical determination and in-
terpretation of thermal comfort using calcu-
lation of the PMV and PPD indices and local
thermal comfort criteria.

. Park, J., Jang, Y., Ahn, Y., Cheong, S. and Lee,

J., 2008, Estimation of appropriate capacity
of ventilation system based on the air in-
filtration rate in korean classrooms, Journal
of Mechanical Science and Technology, Vol.
22, No. 4, pp. 1-10.



