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CFD Analysis for the Evaluation of the Effects of Thermal
Environment of Wired Remote Controller on the Heating

Performance of Ceiling-Mounted Air Conditioner

Dae-Kyum Lee

Department of Refrigeration & Air-Conditioning Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

As the demand of air conditioning for heating in winter season and the
concern about the building energy consumption increases, many
experimental and analytical investigations of the heating performance
and operational characteristic of ceiling-type air conditioner have been
carried out to increase the efficiency of the system. In earlier studies,
the primary concerns were the operating algorithm, mechanical efficiency
and physical factors like discharge angle and flow rate of indoor unit.
There is no doubt that these efforts definitely have contributed to
improve the  performance  of the  systems. However, people's
dissatisfaction on indoor thermal environment still exists because of
the poor performance of air conditioner due to the abnormal control of
the system. The abnormal control may occur by the influence of the
thermal environment near the controller. The cold wall on which the
controller 1s installed, for example, can affect the control temperature

thus the desired comfort environment may not be achieved.
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This study investigated two major factors that are closely related with
the control temperature of ceiling-type air conditioner. The first 1is
the air passage through the slit of controller that is located near the
temperature  sensor. The other is  thermal inertia of  the
controller-mounted wall whose temperature drops down severely over the
night. To investigate the effect of these two factors on the heating
performance, transient CFD simulations using ANSYS CFX v.19 have been
carried out for a small office room with ceiling-type air conditioner and
wall-mounted controller. In these simulations, outdoor temperature was
0C, the initial indoor temperature was varied between 0C and 10C. The

set temperature for heating mode was 207TC.

The simulation results showed that the thermal environment near the
controller strongly affects the indoor air current, indoor thermal
environment, and the behavior of control temperature. Furthermore, 1its
airflow field and the temperature distribution, and the relationship
between the two factors and the control temperature were discussed. All
the simulation results have been analyzed to get better understanding of

room air conditioning and the role of control temperature.

KEY WORDS : Air-conditioner(ollej#), Heating(:H®), Ceiling type(Z#3E),

Computational Fluid Dynamics(CdAF+A] & 8}H)
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Fig. 1.1 Temperature standard for design of energy saving design of building
(MOLIT, 2018)

Table 1.1 Temperature design criteria of energy saving design of building
(MOLIT, 2018)

[H88] Y- dydu]o] SALS st AY 2 5& 7|F
ac =iy i
° A+2=(C) A+2=(C) A5 =(%)

55 20 ~ 22 26 ~ 28 50 ~ 60
shu (W A) 20 ~ 22 26 ~ 28 50 ~ 60
HA(HA) 21 ~ 23 26 ~ 28 50 ~ 60
HHA A A (AA) 20 ~ 22 26 ~ 28 50 ~ 60
2] A (7B AD) 20 ~ 24 26 ~ 28 50 ~ 60
oAl 18 ~ 21 26 ~ 28 50 ~ 60
NEDN 20 ~ 23 26 ~ 28 50 ~ 60
2.7} 26 ~ 29 26 ~ 29 50 ~ 75
>97% 27 ~ 30 27 ~ 30 50 ~ 70

_3_

Collection @ kmou



A SN, U0l galste ABFE AR 2018, 10.1
A3LZS(H Y2 E0| HE2E TIF)

¥ R3652 27 130 THE WLW2Eo| Mot £(0]o} "Wt
s Rl JEe ts 2 5a Do, fa, AL 2 SHe Foo a5
25°C 0| M2 2 SiCt

1. Wer: 26°C 0|4}
2. L 20°C 0|3}
[=ZEAIE 2009. 7. 30]

Fig. 1.2 Temperature standard for design of energy use rationalization act
(MOTIE, 2018)

MYSHRAL TI7I H|EI0IZ HRIS FF0| B 7 AlY 2019, 11 12
AUEEFHLY2E 54 5)

@ 33712 L2 EH J15 Al BF 18°C0[8], Wikath| J1S Al BF 28°C 0|40 =
E=s SX|st0i0} Btk Chol, Chg 2t 30| Z20l= AXIsias 250 nat srax
o2 AUl 2E8 RAT 4 ATt

L3, ST DYAL, DAY, BUE, D88 S 9% 320) CH47h 0185 AL
(5t AF2B7I2 F2)

2212713, 015 221 ALE(OIZI0IE §) LOlRAIAE & NB 25 B2} Zaw Al
3028 TAIL, BAL ASIRIAL(RY) S SHRE QAT Has AlX

4 28, MEXSE M, HAED|E & 518 A

5. 28, 7I2A 5 2UEY AL

6 AT 5% 0ol | KN TBHESS)S SAl3t Al

7. 829 W o ZW0| b5 w4 BUAIE T S SLEMOIN KES 20
=

o

| 2E"E =5
A

8 FUTFA WU WAl 5 Hu|9| =33 SO WMo SR WMSHE AlY

9. Z327|2 £90| 2EE F UZ0| URSI0] ALBSHE 22t

10. 1 5/0] A AR AR QIFtE Al

@ MISOIS 270k HIF 7| A JHE WiLrau|7} 60% 0|4 MAIE FUTFA ety
ShAlol Z20lE B AU2E 7158 2°C B9l Ol ststol XY 3 Qltt

Fig. 1.3 Temperature standard for design of energy use rationalization of
public institutions (MOTIE, 2018)

Collection @ kmou




1
{10

]

azn

30

24
OPERATIVE TEMPERATURE, °C

26

20

18

Fig. 1.4 Summer and winter comfort zones of ASHRAE (ASHRAE, 2001)

Collection @ kmou



Type of Activity | Category Operative temperature Maximum mean air velocity 2
building/space Wim2 " m's
Summer Winter Summer Winter
(cooling season) | (heating season) | (cooling season) | (heating season)
Single office
A 245+10 220+1.0 0,12 0,10
Landscape office
Conference room
70 B 245+15 220+20 0,19 0,186
Auditorium
Cafeteria/restaurant
c 24525 220+30 0,24 021°
Classroom
Kindergarten 81 A 235+10 200+10 on 0,10P
B 23520 220£25 0,18 0,150
c 23525 220x35 0,23 0,19%
Department store 93 A 23010 19.0£1,5 0,16 0,13b
B 230+20 19,0+ 3,0 0,20 0,15b
c 230+30 19040 0,23 0.18°

8 The maximum mean air velocity is based on a turbulence intensity of 40 % and air temperature equal to the operative temperature
according to 6.2 and Figure A 2. A relative humidity of 60 % and 40 % is used for summer and winter, respectively. For both summer
and winter a lower temperature in the range is used to determine the maximum mean air velocity.

b Below 20 *C limit (see Figure A 2).

Fig. 1.5 Operative temperature of ISO 7730 (ISO, 2005)

Table 1.2 Domestic and international temperature standard for design

A Ak 71+ ki W
Ax=o] AUA-FEA = 28C 20T
i e o e B I M 26C o1 20C °]3}
35718 oAl g Feld FXol B3 7 | 26-28C o 18~20C eo]&}
ASHRAE Handbook-Fundamentals(2001) 23~26C 20~24C
ISO 7730-2005 245+17C 22.0x1C
- 6 -
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Lee. et al. (2006)2 g3 olojzd BHg9 &
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Lee et al. (2008)2 A AuFztellA 0 m, 1.5 m, 3me] o] ol &
AAME 2t A9 dHolEHE AU, A7 Wi 25449 A= E}%
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=alAe] o] M mAe edRAL HAFATh Ay W LEAA
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2.33 AojdaeFol dd T

Won (2017)-& =] Alz"loojA AlF =7} 1)
AFA &HE AA717] fste] JiE WA= A4S REFE AAR- S
Al oJ(Comfort Range Control) ¢ 2]&S A¢tslga 7]E2 HAHL2%A o
zfolE WSt F dagFe EAoEE AE duA 4 Z29
TRNSYS 17& AH&&tar, A AA7F DA =40 ol Bls] oF 28~35%<]
AUl daasE vehd= 23 PPDEA
of AA= 5 AU FHelM Hsol F = &<
28 oojde] ZIAA S SHe] obd 2FAR] FHe FHSEA Ao
3 dux Azt a9E =RIIA AES A7 & 5
HHAAAE A838t7] A= Aol s57F Alojol]l WEEEojoF stER o
A2g SH A AUgEd dig dolHE AAX =
Hjo] F7Hd Ao mhE F3EA Ak 2 FEAVE AU
A7kl gk Bl EAStER ofo Wk F71A<Ql AT7F Fasita
Hojxt,

L

Ny
(o
oy |t

Park (2017)& 4-&Z=<) Fluent 1708 283l Au) 87 458718 53
shel, 2t WRRY 2 AAgel hE AW FHeERE FREF BQFY
b WaE A4S B9 k-c, RNG k-c, SST Bfmd 9@ a4 sl m
2 9%e A4 4F3 mmse AR5 gobd s AP FANA gol
Wl A%e Uehils 23 SST gRRde) sS4 A%E v
A FARAL. o AFE P FANN Ae] AHYL YFARE 2
Bl ol Az B BREde] oF 4 AAsun A Avey @

Fig. 225 29247 A44UE 8 dFEde] Be s4ase 4

U
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(d) E&2x ©=60°

Fig. 2.1 Vertical temperature contour in winter season (Ahn. et al., 2005)
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Fig. 2.2 Characteristic of mesh sensitivity and turbulence model (Park, 2017)

_14_

Collection @ kmou



A3 4 =g

3.1 A 374

TR A ol AbgH AT A2 ofg e} 2t (ANSYS, 2017).

- A WA
ap
—+v « (pU)=0 3D
at
- 5% 1A
2
=u(VU+(vO)'— 30V . U) 3.3

S EEIIE R

3 (phyy)

TM_Z_]FV « (pUhy) =V « WD+ V(U 1)+ U+ S48, 34
32 |4 Ft B AR
2 oAgeld FAsAe g Fhe WEe
Poola, AR Eole 2.7 méY 4&F ARFAolH, Fig. 3.1 3l

Jdeltt Fig. 3.2 siA e AAE dEd
o

=
odk

29

71 50 mmx50 mmx50 mmeZ AFFISE 9 giRE] AYr|Frt Ay=
kol vk AL, AALe| grow ratew 1.25 2HSHA| FEF st 7P A
AZe] I7]+ 5 mmX5 mmX3 mmE AEEZ 7 FzkE g 2 AEEF
FHo] =3 ARES FASAT. Fig. 3.3 o A7]d dgte &S Ze
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Adel Aujy] mdle AAF Aol w, Fig 34% A Ay] mee] HERo

=
A ety FYRE Uehls Outlets =AYS Zolth A FUe Z
Ho® WA 4-way FE B9 ool e A IS e

83 Z7He] EAN I He Qe AR P AU S EIF gle Ao v
Akt

AAAYFL ANSYS meshingS A8t AP Z2HHexa mesh) 25+ A48l .om,
AR AR 24+ 1,046,27270, ==+ 1,074,12271 o]t}

-

B A AlLE AAGANEs z2gHog= A23T ANSYS CFX(R19.1)
2 o) 839 XA olatslr|HoZE= §3kx 2 M (FVM, Finite Volume
R

Method)o] AF-&% 131, Navier-Stokes W32 2 }#H-S AAkslr] 913k SIMPLE

drug]Fol HLEA ™, implicit methodZ v iteration A4FS F3Y3FF L
GREAZE k- 2AS ALESIHoH, FX849] time stepe 122 &Fe] H]
A H A s ATH

331 AEEY S AAZ=A

Fig. 3.56& AALe] 4 2l=#A& Yeld ZlolH, Fig. 3.6 HAEEH Ui &
AE st AAE A4 Ao

s
a =
o AESYE nHos AgAe HIAH ¥ Bely

ibA o 3 3 ]

T & 9™, 283 oF 1.5me Folo HAA|H+= Zlo] It oln. B A A
= AEAAYAE Y BolAS fst nHiHH o ZRE 149 m Eol9 BEEF A
Hel| HEEHE FFsdor, YT =HE 054 mo AgwrE "ozl *
of Rzttt HEE2+= Thermostate] X3+ F3IHE air® 7FASIA L, 1
Qo] T AW A&l ABS(Acrylonitrile butadiene styrene)i TASATH =
3k AW FAE 2 mmE st AASIH o, Thermostate] =W &8l3 of
gP=m &8lo] 5 23 H$E close case, 5 ¥¢¥ ¢+ open case® &
ot
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332 Uy 9 oy AA =

Domaino] &A|alx] A%, olwe] THRA T WE, z
My mew AWE WE 9 AEALALASE v 2TAPDAS
o tEge 4R Aesdt) o W, AAxAow AeH IBFE, 2

A Ao EAFA z2 Table 3.1, 3.2¢
Michael, 2012; Vijayalakshmi. et al., 2006)

e
~
=
Q

e}
=

=8
@
S

=

o

@
=2
N
S
S
=

2 Mol e gd didFES AE A¥Sy 2d Uy Sels Solid

domaing T3A=d, Yol 23 d£4S oy o] Tt dAFERE
A

Table 3.1 Boundary conditions

ol = dLFE
1A [W/m? K]
W= ks 0.259
o i 3.01
B W solid domain
U= o 7 solid domain
A=A adiabatic
G adiabatic
AP EAIADA 34
Aol FHIHAGA 8.29
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Table 3.2 Material properties

A L AEE
(kg/m?] [J/kg/K] [W/m/K]
ABS 1470 1400 0.2
Burnt Brick 1820 830 0.811
Mortar 1648 920 0.719
MEw Best - - 0.03
EE - - 0.025
AMEE - - 0.6

3.3.3 On/Off Ao ¢ F
AALEE ‘AFEY AUA-GFEAYIE & wEt AT I I A
A7ZIE 2xol dFEE 20CE AAsAL, AF2=7F 20£1C7F HAS
On/Off &2 A7t AFHES sttt On/Off &3] 7]&o] =H= Ao
+ ol Fig. 3.601 Vet ZEEZ2 9 thermostate] #x|st= F3ke] H
£ A &3t
Table 3.3 On/Off A|ARE= wE AU~ =474

u)
Ll
v
o,
Y
Y
o
u
>
e

WAL S o AlzEle] RS HAES7IRIE olFe ASAEE UF A
A daH S st J=gE do] o] Fo| XA Ha, FHEZ
=5 A A4 A9 HAE7F7F FARE AFASHs o] TAsH
Hof oA LuSHA EE3E o] dojd ®ut oyt AHAR] HEV
7o =22 d& AdArt dde =7 d5. olEd AEsd ol o3 F
AR FFHS Fol7] fste HAESAEE FUFS 45° = AR oH, A=
THE AALY] A7) 2o S-S F &S

On-moded] 4%
Outleto] A3k BFEAA 2 FU2T9 9rjzdd ugt ditsgo] el =
g mdle] W dAd W =5
FE = Inletel] ALstF o, Off-moded| e HEXEE SYUEEY FL3H

+E2 AE3 At
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Table 3.3 Discharge air flow and temperature of On/Off mode

Aolr=
On-mode | Off-mode
A=4= 45°
HE=THF 18 CMM 4 CMM
T,-T,+q T, - 1,
Hze 7; = Inlet temperature [C]
A=<=
7', = Outlet temperature [T ]
q = Heating capacity [kW]

3.4 ANEFIA ML

Table 342 & AT 4312 gt A Casess BEd A=, Fig
3.6°] YEld thermostat F¥H &
T 9 EEot e 2UEE

o MAes dFH A2 A S E4stA

Table 3.4 Summary of simulations

Initial Temp.
TR . "
Case LT AA £319] 'l E W (Outdoor/Aisle/Initial)
['C]
1 Close - 0/5/5
2 Open - 0/5/5
3 Close 3 0/5/5
4 Open 3 0/5/5
5 Close 10 0/5/5
6 Open 10 0/5/5
7 Close - 0/0/0
8 Close - 0/10/10
9 Open - 0/0/0
10 Open - 0/10/10
- 19 -
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Fig. 3.1 Computational model of office room

Fig. 3.2 Designed mesh of office room
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Fig. 3.3 Photograph of ceiling type air-conditioner

Qutlet x 1

fInIet x 4

T

S¢S

Fig. 3.4 Layout of ceiling type air-conditioner
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[ 1 uir | =
KIZI [w
EE

au

Fig. 3.5 Photograph of wall-mounted remote controller

AR [T
O
%_H‘
Thermostat

(Right slit, Bottom slit)

Fig. 3.6 Schematic of wall-mounted remote controller
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Al 47 A 8 aF

11 AYeE BE

411 A= FHEX

Fig. 4.1& Case 19| ¢F 10A17+2] On-mode”} F+#3] APH A|HNA X =
m fxe] =AM U3 S=WEE JeEblH, Fig 4.2, Fig. 432 543 Al
A g 9o Ao £ =4S UERNATE On-moded] A$ols HEEF
o] 18 CMMo. 2 HZEHoA Ho ¢F 3.76 m/se] £5& Yell® A F
Hol A durle] Gy ntE Ztas ol AESHAA UL HAE7F7E 2531

Fig. 4.4+= Case 12| ¢F 10A]3F2] Off-mode”} F83] FaPH Al oA X =
m X9 FHAH g £=WMEE Yel ™, Fig. 45, Fig. 4.6 543 Al
A = HZ]OJ]/Kﬂ_/] =33 =4S Yehdt Off-mode] 7Z$ole HEEF
o] 4 CMMo.2 HERA AHdl <F 0.88 m/s9] £%E e, On-modeol

Hig) HEFTFol daste] HE7179 *3155*74317P %01%711 ﬂoi =4S

Fig. 4.7 4.8 %< 1/2 A alg=+= Line 13 1/4 A A
Line 2 2 WdolA 0.1 m ©ojz Line 32 xS zZ+zt F=2H, =P H
Ebd O”olth 7 AH A FARXEE vluste] 4535 dFoR
FA2Eare} Ao mE FEFS wotste] EA st Al ot

Fig. 4.9 Case 19 ¢F 10A1ZF 2 A oA On-mode”} A2tsteE =312l
Line 1-1, 2-1, 3-1°14 On-mode”} €v+= =32l Line 1-2, 2-2, 3-29] &5W
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stE yeRdth On-modedl| Al Line 12 FA2527F 7H AA Yelge=d], ©]
= A AR FFHol AT de AUrIY FURE Fske] AuolA
wA U= 71 R7F EA%E Pl 23 dFgFez A% Aotk oF 14 m =
°o]F 7|F2=E Line 2, 3¢ Af AE%L HEH dYF H AsTIFA g%
FHFOR F& FHXEAE YENAL, ofHiFe HE7V|F o3 IFEG
v @A4F3ste g mE o] o]FojA v FHLXEAE UEMAT

< Line 1, 2ol wlslod =7k U

1
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1o
g0
of
oot
o
13

(o]
o
ox
fu)

Fig. 4.10& Y3 AJHo A9 Off-mode’} AlZ+e= <£=3t3 Off-mode”} &
7

U ¢+ Line 1, 2, 39 &5Z UehllE 130t Off-modecl A& Line
1, 2,3 2% ¢ 14 mE 7|F08 HE7HY IFS e AEHo FFen
A7F SRR =4 et oy, e FFEF] o3 PR st HAA
Ho g F2ALEa7F On-modeo] HIste] A w81 oH, Line 13 Line 2
7h Hl=e 2ERZE Zte W, Line 39 A WHol o3 dFo= g
Hog e 2% B¥E Yyt

412 AU 2E sHEX

Fig. 4112 AAA7E =7l Advies 8l s34 2E8IZE agsy] 4
ste] AFAgol wdshA ExH al-ad 2 bl-b9 AHe AXNE FHH
Ebd 12o)n, Fig. 4.12% 2 1 m ol

4494 AdAe] BEAC] ST
AT al-ad A3t ARFAY £SAAE AAE 15 m weld HAw
bl-bg A He AAE Vehd Aoz

2 BN ok
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Fig. 4.132 Case 19 Z %o gk 1.1 m =°]9 al~a9 Aol I‘Hﬁ A2kl

0e eEWsE el Tezeln, Fig 4148 15 m o2l bl-by A% ol A
o LEMSHE e HOE F AP BE APIH FAT SERES e
g Ze 2 4

Fig. 4.159} 4.16-2 Case 19 ¢F 10413t Al- e On-mode +%1A] 1.1 m, 15
m o A& FH e UYel= 19elH, Fig. 4173 4182 &<
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42 Slite] v Ro) e Auex

4.2.1 Slite] 237 B¢ A= 9%

Fig. 4.23& Fig. 3.69] & % olgf5H9 £alo] 23 Case 19 A5l o
3k A Zbo] WE AojLEe} a5 AHA e AYerES vt AL 2
0Col tiate] Al=7F 19~21C oA On/Off F2to] o] FojA L Y= W,
AgLse of 25-27.5ColBg ¢ 5T oo 2=xjol7t WAs= S &

f

H, o Bt éaol 99l 49 AEEds LEAAt ARAR
o) e A WA Hol AojLETt AL

4.2.2 Slite] €9 B9 A= 9%

Fig. 4.24= = % olgi&we] &8l =% 49 Case 29 Ao digk 1
Poz MHALT 20C ta] AWLe=rF ¢F 20.5~245C S Jeljo] AL
of of 2T 01 Fo Zfol7t EAete Ae BoATt €80 48 A= €38
o] &3l g0l Hls| FFHoE YHol o7 FFo] & Hol dU=
t "‘fo}xl{— EES BA X] , AT W o3k FaFo] EAst A L=
Hoh g4 52 AYW2EE A3t d¥o] oFoAa &< & & U

4.2.3 Slitell &3 FF Ml

Fig. 4.25& Case 13 Case 29 HEFHF<= WA &< Uehd o)t
Case 29 A5 €8S Aves AWE71Y 717l oaf Case 18T Friz o=
AU F7lol o3 gao] A2 FHxo On-mode’} w2A 2Hssh= A =t
7he WH o] FFo] FiH oz 7HAsHA Ho] On-mode®| A AIZto] HlwA
ZA delde 2L A 5 Ao dAl Case 13 Case 29 AUex AxE

A

Ml Rgte W, £3e] ARt Aol ew] JFL AL BHUNES 2
L oeats A9 A0eEst AYLESE Wsy] sl Lol dd A9t
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431 Wy 2=Tujo] wE dU: IF

Fig. 4.27= Case 1¢] %t A, B, C9] &&5F HoFth 77 A0~200 mm)+=
WH el 25 vEhH, B200~218 mmE HEEE o] 2EAMAL AT 73
o2 Aojex=E yehia, C218~300 mmE AWF7]e &5& Jehdth =
© AACAM BE AN A2=7F A

25 CARHEG oF W0Cold ¥ Eage & 7 Sled, Ol% iﬁ}fi IHHM
257t 2RAAC FFS F7] wEela, HAY doje HREEE AAs)
 Aojesd WHe Yo EATTE AL & F ATk

=g, W3 dEssl wie Ao ex7 271 5COA AR e
oF 1041 A-olA+= 125CE HEME A2 B 4 Adx=d, Case 19 27]
oF 1Az AYolA AWt o 295~32C o] ort, Yo exFujrt ¥t
wegte] wel Ao & M) A=A EUE A=t Faste AEe
2 yHo] A¥FH Ao =LAt HoA= o SAIXE olF A&}
25~215C o F#3t= AL & + U

Fig. 4.26= AlZte] & Case 1, 29 HAEZFH S 10413 &< UEpH Ao =
Alzkol 7 #ste] we} On/Off F+7]7}F = 279

Aoz 7R Wl o FFe e Ao
Ho] o]Folx On/Off F7|7} WA et on), yule] 2wy

H

g3t Ao o mxE= g3Fo] 7FAT o] wgl On/Off F7)17F =8 A
Off-mode & AIZto] F7HelA oS & 4 A

Aoz do] A& wel Wy =iz A wEstA =
1, AEEY FHFG vhys HHe] env) 27|RG A o] Ay Wit
A L Ay edstgd HIE 7HAHE F UdSS gl

_27_

Collection @ kmou



132 YHe] 27]eEd] e dyeE 9%

23k Zolal, Case 82 10C <! %o tha Case 1Ht} uwh Z7He A%
7d-¢-olth. Case 73 Case 89 ZA3}E 8 W 257t ¥aF5 Ao2=7}
270 W e FEFS FA Wol A= IR E dWeETt STk A
I Yol 257l H&5E A5 mAE WHe FIgo] FolEo H
WS S AUWe=rt dadte AFS B Utk olE F3k Wd 9
<27t Ao xe] BT 84E FAe 84YS o F vk Fig 4.29=
Case 2, 9, 108 AUH2=5 UHEUH, £5lo] dd AFolAxx nz/tA 2 Y
Ho| 2r7t dolda s AUyl solAs A% UEdeE Ae & 5 3
ot.

°of x7|2=7l €39 MH T #A ]

ST, ol AL e EARE wAsH] SJote] AeEAel L

Aol e Alolo] BAEHNE =rlate] Ydo] odt dee Zolux s+
S EdE Fret] Y9 Peze AESYZ e wiiE R §3
HE HEEY AW FAS s PAOE A, ol olfE HEEST
7An A ABSE ddAAR AAEPoH, B9 E Yo o3 gaFs
299 u LxMA S AYeso BAS Holstuz st

4.4.1 Slite] 237 7392 @< F7to ©E I

Fig. 4.302 Case 1, 3, 59| Azt & A=

i

UElHd T30t} Case 3
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o] A% HEZ9 U8 Abolol ABS 3 mmE FrIstHal, ©de F718HA
ke Case 19 Aulex oF 29.5-32C 0 nlal] <oF 0.5Ce HYLmrl 24s)
= AE 8 F 93, Case 59 4% ABS 10 mmE F7}ste] 7] Case 19 4
W2 rith o 2C Y AdU57F 7H4agE oF 28~30C 9 AU2EE YeEr AT
wEtA, HEZEZ] £ @ FU1E Aof2=rt zhe o] o3k JFo

=

4.4.2 Slite] €9 7392 @< F7to BE IF

Fig. 4.312 Case 2, 4, 62] Alzto] & AWe=E Yehd 2ot} Case 4
o] Afol= 7€ Case 20| st ddax= ABS 3 mmE F7}sl% oM,
Case 5= ABS 10 mm F7o] ©d& F713F 3%

E7F oF 20.5~24C ol EAst= A & F A 39|

= 9ds FURA AR AHds] A=t A=} Aol &
Zka glom ©@dZFrto) 23 Z AAEFAE YeERA FEePE, ole Ao
250 HA= W o3t FFRT U7 Tl o3 FaFo] AujAolr] Wi
o F HIIT

5 On/Off mode &AHA|ZF

AW F oA AR 44 (LS WFATIEA, dUA " FH
Hek Wi o] Ao HVAC AAgt & 4 vl On-modeo A 4 <
o] =7l 28F5EH AU 37 £8590] Off-modeol] Blal i 2
A A AT BE AMAHENA AHEATE BET AL

e YUREE Ushde nesae W, &uel Auen, Wae xv)e
=

o
XK

Table 4.1 Z7] 1A1ZF 5<te] =& Caseell tigh On/Off &HAIZHE YERA
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Table 4.1 Operation time of On/Off mode

0~1h &A%t [s]

Case On-mode Off-mode
1 1488 2112
2 554 3046
3 1438 2162
4 544 3056
5 1384 2216
6 591 3009
7 2340 1260
8 844 2756
9 826 2774
10 374 3226

451 Slite] 7H¥ o Fo] T8 HAZE vl

>

ol &3 ZF9<l Case 1, 3, 59 A%, 53 2ol A slite] €9 A 9-<l
Case 2, 4, 6o Wls] AAH o2 On-mode &HAZto] A A= AL B &
Aot HEAH S E Case 19 A% 1AZF &<QF On-mode =7 AI7ko] 1488s0 A
of HlE Case 29 4% On-mode Al7Fe] 5b4so]= = Off-modeel] 43|
On-modeol| A1) AQ8%FHo| Ates AL LEHSAS W, oz AL
o] A& &8l d¥ A7t 23 A5l vlisf oyA ALnSHAA Fsith
3k

= A

Case 72 AW B WYHo Vel BEE% 255 747} 0C 9 2 upo]
Case 1Ht O F& 3IH< 343k Zlojal, Case 82 AW ¥ W8 2rjex
s} =2 =7} 1009 Ao tiate] Case 1Hth o WEF IS s)4w
Aot diHer F& FHS zZhe 0C 29 Case 79 1A% 5t
On-mode -+ AT 2340593, 5C =719] Case 19 7ol 1488s, o=
o2 wEgh 344SR 10C 2719 Case 82 844s9] On-mode = AIZHS

Rygow, mIIIAE %7] 5C<Sl Case 29 H$E ZIV|LEE (CE 4=
Case 99 A &HA7to] 82652 Z7}stH L, Case 103 #o] 10CE 7]
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Fig. 4.1 On-mode air velocity vector on X = 2 m vertical plane
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Fig. 4.2 On-mode air velocity contour on X = 2 m vertical plane
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Fig. 4.3 On-mode air temperature contour on X = 2 m vertical plane
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Velocity
Vector 1
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Fig. 4.4 Off-mode air velocity vector on X = 2 m vertical plane

Velocity
Contour V yz

3.657e+00
3.442e+00
3.226e+00
3.011e+00
2.796e+00
2.581e+00
2.366e+00
2.151e+00
1.936e+00
1.721e+00
1.506e+00
1.291e+00
1.075e+00
8.604e-01

6.453e-01

4.302e-01

2.151e-01

0.000e+00

[m s*-1]

Fig. 4.5 Off-mode air velocity contour on X = 2 m vertical plane
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Temperalure
Gontour T yz
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Fig. 4.6 Off-mode air temperature contour on X = 2 m vertical plane
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Fig. 4.7 Location of line 1, 2, 3 on vertical plane
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Fig. 4.8 Location of line 1, 2, 3 on horizontal plane
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Fig. 4.9 Case 1 On-mode - temperature of line 1, 2, 3
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Fig. 4.10 Case 1 Off-mode - temperature of line 1, 2, 3
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Fig. 4.12 Location of al~b9 points on vertical plane
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Fig. 4.13 Case 1 temperatures of al~a9 points at 1.1 m height
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Fig. 4.14 Case 1 temperatures of bl~b9 points at 1.5 m height
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Fig. 4.15 On-mode air velocity contour on Z = 1.1 m horizontal plane
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Fig. 4.16 On-mode air velocity contour on Z = 1.5 m horizontal plane
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Temperature
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Fig. 4.17 On-mode air temperature contour on Z = 1.1 m horizontal plane

Temperalure
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Fig. 4.18 On-mode air temperature contour on Z = 1.5 m horizontal plane
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Fig. 4.19 Off-mode air velocity contour on Z = 1.1 m horizontal plane
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Fig. 4.20 Off-mode air velocity contour on Z = 1.5 m horizontal plane
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Temperature
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Fig. 4.21 Off-mode air temperature contour on Z = 1.1 m horizontal plane
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Fig. 4.22 Off-mode air temperature contour on Z = 1.5 m horizontal plane
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Fig. 4.23 Case 1 - room and control temperatures
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Fig. 4.24 Case 2 - room and control temperatures
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Fig. 4.25 Discharge flow rates of Case 1 and Case 2 for 1 h
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Fig. 4.26 Discharge flow rates of Case 1 and Case 2 for 10 h
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Fig. 4.27 Case 1 - inner wall, thermostat and room temperature profiles
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Fig. 4.29 Relationship between room and initial wall temperature for slit open
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Fig. 4.30 Room temperature with additional insulation for slit closed
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Fig. 4.31 Room temperature with additional insulation for slit open
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