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Proposal of Optimal Operation Method for Air Conditioners and Radiation Panels Using

Thermal Environment Analysis Method
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Local temperature distribution occurs when air conditioners with strong advection directionality, such as air conditioners,

are used in residences. On the other hand, the radiation panel can form a comfortable thermal environment without drafts

because of the lack of local temperature distribution. However, in spaces with large volumes, it is preferable to use air

conditioning and radiant panels together. In this study, a case study of the heat distribution method is carried out and an

optimum operation method for the combination of an air conditioner and a radiation panel is proposed.

&

SDG s DY FHAIZ L AR EFICRNTHEENE
TR F R H R ZHEE L TS [1], Energy
Information Administration, Residential Energy Consumption
Survey(RECS)(X7 A U W DFETHE INDHENE, =
T Ay OEEEND 17%., FEOTHEE T 1/ F—Tik
12%% TS AR LTV D[2], FHT, 94%D
7 ar &R L TODEIEZBHIR T, =7 200
FIEOTIVX I 27% TH D, Flo, TIT#HI
EOmBZARHIIZ 1T HIHE =RV F—IE, =T ar
M 56%% O TH Y [3], MEREEO RIAE I 5 Hils) 34
BAFET 5, Summary of Analysis Using the National Energy
Efficiency Data Framework (NEED)/J 2011 /27> 6 2018 4F- %
TOA XY ADTT 2 VFEEHORETIE, FxEn
BFZH Y . 2018 FRITIFHK) 20 HTEICEIET D LWt L
TWDM4], =7 a2 3BROFRAMEN R /EHT 2729
JRETHRIREERE DS TR S D,

IAETIE, BEHZEROE AT KD — 2R RkE DT
FEASER SIUTO D, Bl 2 ATFEST ©/L Tl RIS 22
FOBADHIME AN Y | BRA IRFER R SN TN D
[5-7)e XL & B 2R E<AT ORI E LTF/L Fe—
DWZET IS, FIL R E—AIZEE G S
—RZERERA L, BNZER AT D 2 & T A
57 7T 4 7F/ RE—L (ACB) & KI5k
ZE R WS 58y T F L Re— 4 (PCB) MMFHET 5,
PCB [ZB LTI Energy Simulation (ES) %\ \=3EER
F14=° Computation Fluid Dynamics (CFD) % FU /= iE
FRHTIC X 2FHIAM T Tl Y | ARNEMIh>OH

il

ZEN ik TR R R R ATEIGROUE {2020.9.9~30 (A 74 V)]
EES

5[8)e FETORSZEFAOFHmIZES L TIXH(ADOFIH T
I%. CFD IZ X B EF MM THiL T B H3[9-10], FEER
FERTICBE 3 B E A0 CldZevy, CFD (2 X 2 EF T
DEWTHHEH & LTI SRV DET MU E S
TN EDRZET HND, RIEREOKEET VA fHAA
ATEFEEERNT bATHOIL TN D AN, i L 7= KRZER 4t
G L LTWW 2, BITEOBR A 72 322 12 306 H 3
L[], £, FETIIHR SV =T a vl 8
BOBEEIRINEASND Z L 083%L ., PRI DFIAY
ELEZOND, EETIE, PCB DX IRV AT Lk FF
OB ZEFNI TR TIE AW 2D, ERNEA S5 544
WEL Az bhd, HETZ AL X—OBLENOEZ D
L, BRoOm W7 2 by 7T I EOE A
BHH D COP NI EmN D EER R ZE i < 5,
—F TR ST, A=A MR A R T D RO
b— MR T OMRRIIEIF L, b =7 3 1EEE<
IFEWORBIRTH D, ZOXIBREREAEEZD LK
F ARSIV OBINANEAT UTEHEEITRE L RN B X
SIS, L L, FEBRIC T o L S 2R LT
BROIREEREIZAE B L7c a3 T Tldv 223, CFD
Z W2 B ENTIZIRE SV A[12]), EH-0D SDG s DHL
DA EBETIUL, AR EEEE UCGHET 500
PE LV, A= MEOHLERIEE LTLE D LGRS
WEECHEREEZMEIETCLEIRNNRHDHDT
PEBEPEOFRIE A B AT Z EAMETH D, Pt & B
TRMED N L— RA 7 OBWRIZE B Lo — Afgatid 4
7 4 A Z BN ERUINEE S OFZE7: EMEET 5 A [13].
EFTIE CFD (2 X 2 TEFMHTICIRE S b,

-165-



PRt & B = R MEZ RIS 5 BRICZZ M ORI AR D
AR DEBZ LG H 21T CFD Z V5728, RIS b4
BIELTWEEAIZIZES Z VDO E Ly, IREHRIT
ZeM7e SlciE SN D R EAICER L2 AT TV
BT 213 — o RET D0 ERSH D, V—rnElLT-
BROBEREE 2 T D kS L CIIBRD & LEabEIC
&0 BEIROE) 2 5R &3 HT 5 CRI[14-15]%° —
ORI L ~ 7 a 72 Byl A 53 2 B BdiE
(6] TFAET B, B ENEIT, HEOBIROF BB L
T IEE RN AIRE T D03, T ZETR 2RI B BRI
I CFD CHUFHR 217072 BfRD HEHRE TR TR
VETH D,

AMFFETIX, =7 2 & B SOV OO ZER 5L
BraEa DT — ARG 21T, PRtk &8 =1 k%
Tt g 238 L 7- K2 o sgiE AR R T 5,

1. REFEOFEEEEHE

L1 REFEOBME

AMFIETIL, BIRIEA TR —/L THERB for HAM %
RWCEEEIT H[17), FRR LTI, BBk iR+
5L THES SRV & =T a s BT DB O EEREE A
SRS TI %, BVfdiE ik, i EH#EIT THERB Cf 7
I, MR TH LT a AT AR ST
BN 72 5, THERB THUENGIAZIT O DT, BEL A
L7\ RE 2 Rk 3 A BRI IR S oL 2 Rl S
IRVLEINE U D, BARAYZ2 B REOYLIR DFERIZ B
L CTIEBERE SR INIZV 18],

1.2 HREMDOHE

RN ST, AN LAEENICER SN FEREREE
T D, FBREEOWEWERITE — 1L X — Mk X 5y 4~
7 T H51T D ZEH BLUEE (Ua=0.6[W/ni + K]) ZERT
%o XA ZZTHE (IF JEAEk & 2F BET) & A 22ai <
FITIMZ TRIEEDHEE STVTW 5,

2. REFRICLDZy—RIEH

21 r— AR DB E
ENEOVE RO CpR M &8 ot A 9 S
ERET D BT —AREt&1T 9,

22 BENES L UEH
T7 2 OEEENEFEICIL, BRI B
L7 RERRFEE T L1912 IV 5, ARIORGTCIL, BRE
TR 60% CRIE LTz, r—Afeta® 1 1oy, =7
24X 2F & IF (b)), B SR oBHE S E LT
%, THERB OFVFRESEM%2FR 2 1 RT, HtEMAmESRE
FIFEELE Tl FHRARTOBLED GIRENMEEZ B8
% Z EDEEUODBIRD B AL LT iRvy, FERHEEE I
60% & LTWD M, BEEREFEE T L OFHR L 7-bRi &%
THERB (ZE% 72 Z &1 7o TR =6, IEEVERTO
FEEEZUGEDO RN D 5, T SR VTE IR %
7osh, WG A 7 A 22~25 AL LTz,

ZEN ik TR R R R ATEIGROUE {2020.9.9~30 (A 74 V)]

Air-Conditioner

1 TETILELVY—5E

®1 BT —2A
=23 P92 2wt
2 AC 1B AC o sPas Vi
casel O 3G
case2 O 3G
case3 @) 28 (Xx1E3)
cased O 265 vl e )
case5 O 18 (3313
case6 O 1H (% L3)
£ 2 THERB E+&&H
HH Seft
B 7/22-25
R R b 15511
T Ht
ey N 2]
R&ET—4 PR A Z AFUEUEF: (2001-2010)
EUENIEIE 0.7 [El/h
1EEHRE mL
MBS 4.0W/m"2K
FRSCHTREE 60%
&3 CFD EtHEH
HH ESES
CFD =2—F STAR-CCM+12.04.11
e T v 15 Re FUASHE ke 771
Aot 45 Ay e y+<l
BB THERB 75

23 BETHERB L UER

(1) BAENBURBODLLE

r—AMOTT 3 OBEIBIRE O i A X 2 1R T,
2F =7 3 U3l % 47— A% Rooml 1 OEAKE L 7
bo RANKERER ST 2 & T T 2 O AR
D UT=AER Rooml ] OfEIHEL 72> T D, IF DT 2
VERE S D 5A1E Roomb DENKE WV, 7 SRLH
BORBIIFEE T2\, o — AR OB S LV OBEE

-166-



B DA 3 1257, Room6 DENEHLEUREN & D

= ATHREVEEZRLTCNDMN, 2F DT 2 %8

BSET VNS MEEZRT, ZHUTIF O=T 2 %8

B SE72Z LIk > TRBIROBHEAFEA L. Room6 TD

BEIHIRHOMEN K EL ol b EZ DD,

Q) HFETETILOANEY

X 4 ([ZHAVKURE ORI LA~ T, (RFEWREEH T,

25 HOBM) 1°CRREE B — 7 1R EEIE A, (X 5 (THsas e

ET AT HEEM ORI L E R~ T, IF=7 3y

BB D 5 3BT N, SRV EEITRAT L CEVAST

EREL o TV DT RRZ T DD, SREEN

DIRNTTINEARTITIRE D,

(3) HEBHEDLE

4 6 1T 7/24-7/25 \Zd6\T HRERIEE B 1 & A R T, /SRb

BHN LW EHBEENEPRE, SR EERORC

PR, =T 3 OBEMN ERT D, =T 3 OUERE AT

&SRRV OHEEE N b L— RA 7 OBRR R 61

7o WHEBHOBLETIX, 730 1 BB EER Th

2o

(4) PMV DLHE#R

[ 712 PMV ORFEBEALE & BFERHER AR T, S B3

ZNr—A 1, 2 TiXRoomS & 6 WAz TETEY-1.0

BEOEZTRLTND, SRALEERDRNT—ZATiX

PMV B3HNLOfEZ R LTI Y | /RT DX VD7 VR

HSohi-,

7 2 2F BB —AD S NS MEE 7R R

BRELNT, 23U, =7 212 L AHEREED Room6

WKL TREICH D T-DE B2 5D,

2. %5

AWGETIE, =7 22 LB SRV OO RO BEREE

T 2 T 2 B BCIE A2 R L Okl & A= iz

B LI — ARt 2170, LUFOMEN S Bz,

D Ao MEEAWE ST IIBEICTT 530 v 58

\—EEi E‘T%’)Zgﬁ)gbé

2) M AR S DI SN BRI E T DR
NdH 5,

3)  ARIOEYTT MIxT D SR ORIEEIE 1
THhHEEZONDN, IF =7 a3 UBEOBRAIT
Rooml1 73 1.0~1.5 O#if & 72 0 37 TITIE g%
~LTE,

r— AR AR E 2 A B OREE TR,

D R3OV OBRIE &R FEE T T L OBRIE & &
THERB (T#fK T 25 2 &2 L D IEEE T TS E O
UENVETH D,

2) WG SRV OIERSREICAN L7 HE OB A L 5HTH
PBENEOUEERHD,

3)  HERFEET AZEAL, BOENEOILINES ED
Do

R B DA KSR (2020.9.9~30 (£54 ) -167-

Coefficoent of thermal diffusion[-]
-
°

o
o

Coefficoent of thermal diffusion[-]
o o o o [
N S o [e<] o

o
o

outdoor temperature [°C]
N N w w w w
(2] o o N S (o2}

N
i

1000

800

heat load [W]

N
Q
S

140

120

100

80

60

power consumption[MJ]

40

20

o
©

o
>

o
=

o
N

600 |

wd L.

Room5 Room6 Room10 Room11 Room7 Room12

Wcasel Mcase? Mcase3 Mcased ' case5  case6

K2 I7a 0ERENEURE

o

Room5 Roomé Room10 Room11 Room7 Room12

Mcasel Wcase?2 Wcase3 Wcase4 ©case5 - case6

3 T ARILOBEHRIRE

—e— outdoor temperature

4 8 12 16 20 0 4 8 12 16 20 O
7124 7125
K4 SNRUBEORERIFEL

o

—o—casel
—o—case2

0 4 8 12 16 20 O 4 8 12 16 20 O
7124 7125

5 REFORFEL

121.0

8.6

casel case2 case3 case4 case5 case6

BAC ®Radiant Panel

6 BEEHEEENE



100%

g
8
B3

2500
mmm incidence Room5

P
38
EE S

= incidence Room6 2000

x
8
B3

==incidence Room11
1500

—e—cumulation Room5

—e—cumulation Room6 | 100

PMV incidence rate[%]
g
B
cumulative number of times[Times]

14% cumulation Room11 | spq

L 4 o \ 4 H 0
SfEER0 15 10 05 0 405 +10 +15 +20 +25 #30

PMV[-]
a. Casel
100% ——o—o oo
90% % 2500
80% = incidence Rooms g
= E
£ 0% 64% =mincidence Rooms | 2000 §
T 609 E
g 0% ==incidence Room11 5
e 1500 =
£ s0% B
2 40 —e—cumulation Rooms E
2 a0% 3%, 2
2 aw y, 2% —e—cumulation Roome | 0% g
z g
20% 13% cumulation Roomi1 | gog §
10% " H °
% L—o——o—e ’ 0
-3 B0 s 10 05 o +05 +10 +15 +20 +257H80
PMV[-]
c. Case3
100% 96%, e
90% 8 2500 o
80% = incidence Room5 £
= E
£ 0% 64% m= incidence Room6 20 §
g £
g 0% ==incidence Room11 5
£ 500 1500 o
g z
= —e— cumulation Room5 €
£ 40% 2
2 aw —e—cumutation Roomé | 1% g
a =
20% cumulation Roomi1 | 599 2
10% o 4 °
0% p—————————( 0
SfEER0 15 10 05 0 405 +10 +15 +20 +25 #3o
PMV[-]
e. Case5

g

&
8
cumulative number of times[Times]

mmm incidence Rooms
= incidence Room6 2000
==incidence Room11
—e—cumulation Room5

~e—cumulation Room6

PMV incidence rate[%]

cumulation Room1l | ggg

+15 +20 +25 +30

2500
= incidence Room5 g
g £
% == incidence Room6 2000 é
s £
8 incidence Room11 5
s 1500 &
B —e—cumulation Room5 £
2
> S
2 —e—cumulation Roomg | 0 ¢
* =
cumulation Roomil | gog 2

+15 +20 +25 +3.0

PMV[-]

d. Case4

100% 100%

100%
90%
80%
70%

2500
= incidence RoomS

= incidence Room6 2000
=incidence Room11
1500
—e— cumulation Room5

40%
30%
20%
10%
% oot W [] 0

SFBENE0 15 10 05 0 405 +10 +15 +20 25 %30

30% 1000

PMV incidence rate[%6]
g
E

—e—cumulation Room6é

cumulation Room1l | g5og

cumulative number of times[Times]

f.  Case6

T PW IR & RIERHEER

4) T 3 G SR OB AR DR B AT LT
F=ARRRLTND, SEOBEE L TR 5,

5)  KEEUR R TR E AW MR R O R O S

wHERT 5,

B |

AL JSPS BHiFE 19K235590001 DBhEL %321 T £l

i, RLTHEEET D,

| & |

1)SDGs, URL: https://www.un.org/sustainabledevelopment/sustainable-
development-goals/ (accessed May 20,2020)

2)U.S. Energy Information Administration, Residential Energy Consumption
Survey (RECS), 2015. URL: https://www.eia.gov/consumption/residential/
(accessed May 20, 2020).

3) KWONG, Q. J., Adam, N. M. & Sahari, B. B. 2014. Thermal comfort
assessment and potential for energy

efficiency enhancement in modern tropical buildings: A review. Energy and
Buildings, 68, 547-557.

4)UK National Statistics, Summary of Analysis Using the National Energy
Efficiency Data Framework (NEED), 2019.
URL:https://www.gov.uk/government/statistics/national-energy-efficiency-data-
framework-need-report-summary-of-analysis-2019 (accessed May 20, 2020)
5)RK. Strand, K.T. Baumgartner, Modeling radiant heating and cooling systems:
integration with a whole-building simulation program, Energy Build. 37 (4) (2005)
389-397.

6) T. Weber, G. Johannesson, An optimized RC-network for thermally activated
building components, Build. Environ. 40 (1) (2005) 1-14.

7) L. Ferkl, S. Jan, Ceiling radiant cooling: comparison of ARMAX and subspace
identification modelling methods, Build. Environ. 45 (1) (2010) 205-212.

8) W. Shan, D. Rim, Thermal and ventilation performance of combined passive
chilled beam and displacement ventilation systems, Energy Build. 158 (2018)466—
475 Supplement C

9)Mohamed M, Matthieu L, Sylvie L: Constructal design of flow channels for

LRI Bk TR RS FHTHIGROUE (2020.9.9~30 (474 )

radiant cooling panels, International Journal of Thermal Sciences, Vol 145,
(2019)106052

10)Jeongil Kim, Shinsuke Kato, Study on radiation panel cooling system with
natural cross ventilation under a non-uniform thermal environment, iNTA-SEGA
2009, INTA00047-00064, 2009

11) Jeongil Kim, Hideaki Nagano, Mengyin Wan, Shinsuke Kato, Toshiaki
Omori , Evaluation of thermal sensation under the non-uniform thermal
environment - Estimation of the equivalent temperature by the experiment, The
Fourth International Conference on Human-Environment System 2011, ICHES
2011, pp.109-114, 2011

12) 730, Ol AUGIE, ToEeiE, A T (ISR D
BBEOEANIET LI ab—va gt (201) =7 3 Hh
TR SRVEI, 7 2 R SOV O, A AR A
EREREEE, DIE, 201748)]

3)E B T T, AREN, BIREER, e, B3R : PMV O
ZEMA + RFZEENRAMEL A B L7025 & DLL: PR BB
SUERIZEI 35U DIREHIA 7 + AENOIEREGEH =D 1, HA
TRETP BRI OUIE, B 818, 5 723 75,2016 4F 5 A ,pp.429-437

14) S.Kato,S.Murakami,H.Kobayashi : New Scales Assessing Comtribution of
Heat Sources and Sinks to Tempureture Distributions in Room by Means of
Numerical Simulation,Proc, ROOMVENT94, fourth international conference on
air distribution in rooms, Krakow, Poland1994.6,pp.1-19.

15) W.Zhang K Hiyama,S.Kato,Y.Ishida : Building energy

simulation considering spatial temperature distribution

for nonuniform indoor environment, Building

andEnvironment,2013.2, pp.89-96

16) T.Yamamoto, A.Ozaki, M.Lee: Colonnade Space through Coupled Energy
Simulation and Computational Fluid Dynamics, energies 12(13),2019

17)Ozaki, A. Combined Simulation of Heat and Air and Moisture on the
Hygrothermal Environment and 645 Heating / Cooling Load, International
Building Performance Simulation Association, 19-26, 2005.01.

1Q)IUARE R, JRIFI ., 2017 : ES & CED ORI K DHE SR &
FRE =7 = ORI OSBRI FIEOBRSS, 225G - i T
Rax FLIRE, 201949 A

19)Ueno T, Kitahara H, and Miyanaga T. 2014. Development of Heat Source
Characteristic Model of Air Conditioner for Residential Buildings, Proceedings of
ROOMVENT 2014, Sao Paulo, Brazil.

-168-



