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Development of Radiant Air-conditioning Systems
( 4th Report: Performance Analysis by CFD )

OXKoichi KITAGAWA, Toshihiko SAITO, Takashi DOI and Noriko KOMODA

TOSHIBA Corp., Airconditioners and Appliances Engineering Laboratory

Radiant Air temperature distributions, created by radiant air-conditioning systems, depend on not only buoyancy effect but
reciprocal radiant heat exchange effect on each indoor wall. Thus housing performance concerning insulation and ventilation is
closely connected with the indoor thermal environment of radiant air-conditioning systems. A numerical simulation has an

important role to develop reliable systems, because experimental studies show difficulties in various housing conditions.

We compared three different types of air-conditioning systems ( a ceiling type of convective unit, a ceiling radiant panel and
a combined system, which was composed of a radiant panel and a larger area of convective air flow inlet) in the modeling room.
We selected operating conditions for these air-conditioning systems to keep the same level of SET* in the occupied zone in
different housing insulation performances. The combined system was confirmed to be superior to other systems to create a more
comfortable thermal environment with a smaller amount of energy consumption.
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Fig.1 Radiant and convective air-conditioning system
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Fig. 2 Computed Modelling Room
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Fig. 3 Convective System

Fig. 4 Radiant Panel System

Fig. 5 Combined System
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Table 1  Analysis Conditions and Results

Air-Conditioning System Ceiling-Type Ceiling Combined
Convective Unit Radiant Panel System
Outdoor Temp. C) 2.0
Area of Panel (m2) / 19. 8 19. 8
Panel Temp. C) / 32.0 26.5
Air Flow Rate (m3/h) 250 / 450
Discharge Temp. C) 45. 0 / 28.5
Average Temp. °C) 24.2 22. 0 23.5
lleat Loss (W) 1595 762 653
fleat Loss(excluding panel) (W) / 253 280
Air Temp. C) 23. 17 21.4 22. 7
Average Vertical Temp. Differences (°C) 3.2 1.1 2.1
in the PMV -0. 03 -0. 21 -0.12
Occupied |P D (%) 2.1 0.2 0.2
Zone [Plane Radiant Temp. (Upper) (°C) 22. 6 24.0 23.2
Plane Radiant Temp. (Lower) (°C) 21.2 2]. 4 21. 1
SET#* C) 24. 6 24. 4 24.5
Volume PD (% 98. 5 100 100
Ratio |[PMV (%) 98.5 97. 8 100
of SE T (%) 93.0 100 00
Comfortable] PMV and PD (%) 98. 0 97. 8 00
Zone [SETx* and PD (%) 92.5 100 00

2) EBPIRBRE O LR

XN T 2 & BUN S IV OFRERZ T 5 &,
JEAEZERIN O SET* %[5l — L ~)L($) 24.5CNZ T 5 7= 8
2. ZERIBEIL 23.7°C L 21.4CL 2.3deg B > TW
Do THIT, BRIV OBIRPEIZED | R
NDOFFPMENWEIR CRISDERBREEOLNE L ivE
LTWb, £, s TIEER 0z KIRE S F N
REL D EEBHIZ, WEH LRIRIZ X B Rl E
FoYIzR o5,

BERY A7 20, BEROZERIEBE TR & R
A2W®4®1M7CTH L~L o SET*DBRE % 3
HLTWS, SET* PMV O4oF#1X, B S /VRE
BEWZ END, ARSI ALDES LD H/NEN, F
fo. & LKRHE A/ NS Wiz, B o PD i3z
LAE B%LIN LR ERMEFBE LTS

3) BRI i
FT, BELOOE— R =2 BIZOWTHFT
Do BE—hKU— ﬁﬁi\ﬁﬁhﬁwmﬁgmmwtw
WIS SR H R U284 0 stk ik 3 2
EHRIMLTWD, T 2T, R SR E5Z2IZHE L
Te—hY—2%7%<$& Table 1 R/LEL DI
W 20% NS THZENTE D,
100mm DTTAT— AN THEA LB L
Ll Bz LEDE— Y — 27 Bid, R
?w@ﬁA&ﬁ5WWﬁ61%W R AT LD
”ALiBHWﬁ%l%WLﬁ¢¢6_&bﬂ%&&
V. ZNEIIL 1438W & 1415W Y | T 25 A
De—hr)—7@PEHL/NEL RSB,
F7o. BERNANORBEZE /NI VTR BKAF I/ E
KRBRDTEDPL, BRIV EERTILICEY.,
K EDBIT D & &b, iR~ % & Z=Ha

fir o8I 5 mmt< BT XVMEIERE 2D,
ST, WY A ZADCOPDOBANLL LTS
&L SHMADBEIZIL 45 COREH LIBETH B DI
L. B SRV 32°C, fFAY AT ATIIREH L
IREE 285CL22>THD, HBYAT LNHKLHRIE
BEL LTRSS, RbATRUXHIENR TV S,

4. Bz

BRXER AT LAOBRBEO—BRE LT, BHE2E
DI-ERNBBERES CFD (2L YA+ 5 FiE42 5%
U, B Rpv extifiik & L2 L= =27
LR, KRS D VI NIV DBD AT ALY
b, PEME AT RAFHIENRD L EHONE L
Teo T2, ARMFRITEBEEREE TEEMBiO = FL¥
— A LR BN E AL R R MBI & 221 TIT
ST —EHTH 5,

5. BEmk

(BT o, 2270 - RIEMHFRCE, p369,(1991).
(2)Onishi et al.. ROOMVENT92, (1992).

OMrBa B, 25 - WA ICE. pl164,(1990).
DR DS, ZZ7H - LS. No.58,p23,(1995).
GYAEN B & 17 AR —ETRRER Y VR T L5
i SC4E,p166,(1993).

(6)Patanker, Numerical Heat Transfer and Fluid
Flow, Hemisphere,(1980).

(7)Gagge et al., ASHRAE Trans.,Vol.77,p247,(1971).
(8)Fanger, Thermal Comfort, Danish Press,(1970).
(9)Fanger et al., ERGONOMICS Vol.29,p215,(1986).
(1) ZERFXEFRBEASBATRIENEELSHR
. RZEMEPLE LIZEEDOEALTE ﬁ\u%@.
(11)ASHRAE , ANSI/ASHRAE Standard55-92,(1992).

—6—

NI | -El ectronic Library Service



