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Evaluation of Radiant Ceiling Panel using Water Medium
(Part 4)Performance of Various Panel in CFD Analysis
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While radiation cooling and heating are spreading widely, radiant panel manufacturers have developed various panels.

However, the detailed performance measurements have not been conducted sufficiently and the performance evaluation

method has not been established yet. In this study, the purpose is to measure the performance of panels with various shapes,

which are used in ceiling radiation air conditioning system. In this paper, the results of thermal performance Measurement of

three panels in environmental test chamber and reproduction of the experiments in CFD analysis are reported.
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Tablel o, of Each Panel

Table2 o, of Each Panel

Table3 o of Each Panel

Radiative heat transfer coefficient Olr

Convective heat transfer coefficient  QlC

Total heat transfer coefficient Ol

Corrugated Flat lat with Slit Corrugated Flat lat with Slit Corrugated Flat  |Flat with Slit
Standard 4.0 53 4.0 Standard 5.1 3.6 42 Standard 8.8 8.9 8.2
Center load 3.6 48 3.6 Center load 6.7 43 43 Center load| 10.4 9.1 7.9
Chilled wall 3.9 53 3.9 Chilled wall 5.0 4.4 4.2 Chilled wall 8.6 9.7 8.1
Heated walll 3.8 5.4 3.8 Heated walll 5.4 4.0 4.2 Heated walll 9.2 94 8.0
Low load 3.9 5.0 3.9 Low load 4.6 3.8 4.0 Low load 85 8.8 7.9
o ction |40 53 40 oy tion| 64 3.9 4.6 Eonvection IS 9.2 85
High o 34 5.4 34 e ction | 10.0 7.0 7.6 cofivection | 14.5 124 11.0
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Table4 Average Heat Transfer Coefficient of Each Panel

Average heat taransfer of all condition

Corrugated Flat  [Flat with Slit
e o 3.8 oM 38
ggrxll;l/f%h(r: efiitn] 62 4.4 4.7
ggrtfasfer coefficient 9.9 9.6 8.5

Detail of panel heat transfer amount (W)
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Fig.5 Detail of Panel Heat Transfer Amount

INAENV T EATHBVEIC R E R ERIT R vIZ b B b
53, MBENOZERIEENIX VT EICERD 2
END . ISRV E O RUR & kR, FE e RIFE A
DGy, ZNHDHRIZE > TEANRENTE T H

RINDPNET D LS ND,



3 CFD fE#r DL E AW I 1T D CFD MEHT 1IN Bt b >~ —7
3.1 BAE I PHOENICS ver.4.3 % {if Fl L 7=, Table5 (Zfi#ttT 254,

KRNI, BT, AR TR FEBRAZFH TS 2 Table6 [CEREZHHT 5720 0BEREMt 27T,
LHRBEME LTWDS, Ko THTZEMIZRBRE 42k

BICHEHR Lz, SRV EICOWTIE., EBRCEEIC TableS Analysis Condition
Lo THREN TV DIy ZIREHER D & LTH Analysis condition
L7z, MRBTZERIPEE, AA BIEE, 75 o b CFD code PHOENICS ver 4.3
°2 v o . . Turblent model Standard k- Model
SREVFHK, AV v MRSV EBIX % Fig6 ~ 9 :
" , Algorithm SIMPLE
- = puEa N 1] ]~ =3 s A
RS, M, ERIZOWTIEREMICHE L L S &3 Discretization scheme QUICK
HEL Ay aBBPRKIZRY FHRINEE S S T2 Wall Enhanced Wall Treatment
7. CFD ﬁg/]{ﬁbz L AW BHIIIT > T, Density Boussinesq Approximation
R Radiation model Immersol
<< [mm] 2280 (mm] Mesh
2770 ToT
< Case name XxY xZ mesh ol nt
N 549 Panel Standard 95x115x78 852,150
Heat dummy 2 Center load 98x121x78 924,924
Z| || GmmAuminum) o 2 2 Chilled wall | 95+11578 852,150
~ = N A
2 Hol Q
549 : e T Laow heated wall 95x115x78 852,150
g g 40W Low load 95x115%78 852,150
= S Heat quantity {1 | 60w Convection 129x115%86 1,275,810
50mmPolyethylene board jigcaﬁ".“ cu
<< — pening——
Fig.6 Plan in Analysis Fig.7 A-A' Cross Section in Analysis Table6 Boundary Condition in Analysis
Radiant ceiling panel(2mmAliminum) Radiant ceiling panel(2mmAliminum) Boundary Condition
Temperature Specification parts Temperature Specification parts Pancl
— Boundary | Heat
‘ ‘ Case name set temperature|temperature| load Layout
# Standard 20°C 25°C Others Center load
20°C
# Ce.nter load 240w " duanI 0
—— Chilled wall 20°C 23°C g U
\ ! heated wall 20°C 27°C Convection
‘—H Low load 19°C 23°C 160W 0 Velociy
Li70mm 120nm || {170mm Slit parts 120mm [ Convection | 20°C 25°C aow | (O e
2mmlron 2mmlron

Fig.8 Flat Panel in Analysis Fig.9 Flat with Slit Panel in Analysis

Load center (A-A’ cross section) -termperature-
Standard Center load Chilled wall Heated wall Low load Convection

Tl

WIS YA 18]

Fig.10 Temperature Contour of Each Panel

Load center (A-A’ cross section) -velocity-
Center load Chilled wall Heated wall Low load Convection

27.5) =

1Rl

WS M JeL]

Fig.11 Velocity Contour of Each Panel



3.2 FEWKHER

(1) BE - BE

Fig.10, Fig. 11 ([ZEAfHARF.OEIEIZ 1T DR =
VA=K ERGE 2 v X — &R T, Figlo a2 R5 &
77y MUITIIRIFENIEFITHZTWD Z &2
Mb, TR LT, AV v MITIE, RAEZER
EEITERAESIBE LD E ZR TV &y
mbH, LinL, 77y MUUZHARRY v MTESE
2B E RN e, 77 v MITKHE
BTHRLENTWEZZENAY v MITIIRAY v b
ICE 0 BEAICHENIAAL TS Z ERHEH SN S,
Fig1l # [ % & JREZEM ORI OME & L TIEHE S
FILE B RERERITRN ENHERTEX LN, A
Uy MZOWT, BEERDOEGHENB K E W & 35570
B, FERIEEZEMIZONTIE, 7T v MITLL
KMNEE WS, 2T v MU OWTITESE
ZERIN D DZELDOTAN LTINS,

Fig.12, Fig13(27 7 v R 2 U » R RUE I
D FEYESAF FEBR O [ E IR & CFD iR oo IR
g & oRd, Figl2 2 75 &, FEEMZE5IEE
EBEERE I DUV T, FEBRIEDFENT L 0 ;KT 1°C
REGWN R0, RAREXIRE, Kifs
2T TEREEBEICONTIE, EEREZ AL TWH

| @Experimental value[°C] BAnalytic value [°C]

|

123 8 lat/Standard

==z =E= 59 Q0 0 0 0
EEEEEEEEEESESS 8898228
S-S —-——-ss 2235273335888
EEEs5EsE5E855:2288E g8 EEEE888
S SR s3I ETEIES S LE,ECQCTTTT
o gz ge2gaa9c < <
88 8EZEEETETE £ E g ¢ 3 g8 g~ =72
2 E 222 5388=o,=-""E8BE8838—=cacam
5 006 2228 5 2 o o = T2 p ey

AL NnZZZB5EE L5 Q—===25:55&5
|GG E] ©c25358&g287%T 232
ogggugégggmmm

> D = = S < oo

2 &8 0 5 8 5 ~F/~FRKR O 0 0
@Eamgkg SV =" =Y
25EE£85 ¢ EEE

25 9 =1 8823

s e 258 _ =

288350953 22

5855 3 E& &

&) 3] 5}

|ORCNS) o
Fig.12 Comparison between Experiment and Anlysis in Flat
@Experimental value[°C] BAnalytic value[°C] |
21.0
26.0
25.0
24.0
23.0
22.0
21.0
20.0 h sl
190 Flat with slit/Standard
EEEEEEEEEESTST 282242
S-S -_ZSsEZFE2®33588a8
EEE2sEss5825852522S83E 8 cEEE85858
mmmmmmmmmmgggo';&a)ua)ww@
55 5§59 <SS .S .5 .S o @ s 8588855865
S8 8=EEELCLEE S E g g E] £ g g
£ 2 & 3338 g £ E g S 5 5 B — & @
5888882727255 Btt
C OO S 2555252837832 2
cEEEZEEE5E55EEE

Ogousghmmmooo

2 g% 2 2 2 o
2 EEEESE EEE

2 35 8 =1 5 0 O

C225% 35 z2z:

2] = IS o 0 O

EE2E" s Lt

8835 g [y

PO O

Fig.13 Comparison between Experiment and Anlysis

in Flat with Slit

Table7 Comparison between Flat and Flat with Slit
in Experiment and Analysis

Heat transfer F at Flat Wlth sht Difference | Difference
amount [W] | Analysis (Experiment) | Analysis (Experiment) | inanalysis |in experiment
Standard 264(191) 258(187) 6 4
Center load 265(197) 265(181) 0 16
Chilled wall 229(174) 225(172) 4 2
Heated wall 299(203) 292(215) 7 12
Low load 194(124) 165(117) 29 7
Convection 264(221) No Data(232) No Data 11
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