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Ceiling Type Radiant Cooling System

Tanakom Wongwinyoo
Noppadol Treeyaprasertporn
Assist. Prof. Dr. Chinda Charoenphonphanich Advisor

ABSTRACT

The air conditioning using cooling ceiling panel provides many advanlages such as increase
thermal comfort level without producing noises, lower peak cooling load, maintain architectural beauty,
lessen germ or contaminam in the air, and reduce construction cost per {loor of a building. With the
above properties, the cooling ceiling system is, therefore, another imteresting aliernative for air
conditioning system. In this research, ceiling type radiamt cooling syslem was designed and
cxperimented, Cooling ceiling was reproduced (o test the uppropriated space between copper (ubes. The
spaces are 330, 300 and 250 millimeters. The inlet cooling water temperature and flow rate was
constant. The temperature of ten points on the ceiling was collected to consider the distribution of
temperature on the ceiling and the wemperature on the ceiling at each point should be nearly. The result
from the experiment will be adopt and collected as the information for the testing room. Also, figure oul
the relationship between operative temperature and flow rate in testing room. This is 1o compare with
floor type radiant cooling system in casc of none of solar load. Then, in case ot a constant supply flow
rale, the supply temperature that causes condensation at the ceiling was determined. From the
experiment, the 250 millimeters displacement was the best which the diflerent of the femperature is
within 1% €. This displucement was used to make the cooling ceiling in testing room. The operative
temperature in case of radiant ceiling is lower than radiant floor about 12 C at the same flow rate of

water supply. The condensation occurs when the supply temperature is lower than 8 ° C.
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PN 3-1 neasmaa i asdenvesing (Wmk)

wiaveIing manmmnhnnudeuyesing (WmK)
Carbon Steel (AISI 1020) 52
Copper 390
Aluminum 237
Red Brass (85 Cu-15 Zn) 159
Stainless Steel (AIS] 202) 163
Low density Polyethylene (LDPE) 0.31
High density Polyethylene (HDPE) 0.42
Cross linked Polyethylene (VPE or PEX) 0.38
Textile reinforced Rubber Heat Transfer Hose (HTRH) 0.29
Polypropylene Block Copolymer (PP-C) 0.23
Polypropylene Random Copolymer (PP-RC) 0.24
Polybutylene (PB) 0.23

3.3.3 mINInyiou (Convection)
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MR 3-2 ugRsmMed nvesdinfizdngnrsmnniuton (WaoC)

w¥iinveIms 1na dudszdntinisninnuieu
(W/m'Q)
MIMuuLdas=il AT =25°C
UHUG LU AT 0.25 11mT T
- PIMAUTIINA 5
: a4 d‘l o :
- hdhweToseud i) 37 (440)
NFINTLUBNUUIUBY O.D. 0.02 as Tu -
- IMANTTOINA 8
: o Ai o oy
- dnhweaSesoud (i) 62 (741)
n3nauAUAITUENE 19 0.02 s Tu -
- AIMAYIIINA 9
P o
- dweSoaud () 60 (606)
mameanufennuniiaiy
IMAUTTHIN 25 °C, Us, = 10 m/s INILKUIT 81 -
- L=01m 39
- L=05m 17
ms'lnafl 5 mss fums inszaendurigudna 19 0.01 was :
- BIMAUTINNA 85
- 1S eeua 1800
- i 1 kgis melune 0.025 wes 10500
MIABAYENIIN 1 atm
- muaealumsuz 3000
= ERE 9
- msweaiddndanuiougiga 35000
- msmeatluddy 300
mintudvedlerinf 1 atm
- amnduAatiuisugg ruYeuwueu 9000 - 25000
- mendudanduuduieg vurisuuifag 4000 - 11000




33.4 mauwn$agna1udew (Radistion Heat Transfer)
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ar r ter A vy [y ] o a J [ = )
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WinvBadag gaungil (K) an s
usmuanad 300 0.96
8§ 300 0.8
ABUATA 300 0.88 - 0.94
Mir 300 0.90 - 0.95
n19eeU 300 0.86
ILE 300 0.93
ATZALED 300 0.90
Aamlauyud 300 0.95
mismddawudnines 300 0.88
pfamahias 300 0.92-0.96

3.4 BANANUTVYIY (Human Comfort)
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4 : : 2
feanvingameszgnidesTasmamislailugilvesnnufounds (Latent Heat) nagdnaFamiliszgn
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" ¥ 3
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o @ 4 =) t d’lv & o ]
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o P a
50 - 60 %RH LazAMG 00 1MAU5 20 0.1 - 0.3 WAsABIUNT AMNIATTINVDL (American Society
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34.1 Qﬂlﬂqmmﬂaﬂﬁﬂ (Operative Temperature)
ad EY s da < a2 '
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= 1 q/ = w o Y v A i
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T e hrTMRT +thazr (3 3)
< h +h,
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A o oAl 9
T, fAeguvgiiiuyudiin’d, oc

NBLinearized Radiant, Wim' °C

-

4
h, andwlszEnEnmiwinadeu, wm’ °c
T, fAogun)iiond, °C
TMRT ﬁaqmwgﬁmmﬂ%’aﬁmﬁu (Mean Radiant Temperature), °C
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wmdulszdniveananudou uasmdulsznimninmdeun1flunfnande ualutag
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T — MRT uir (34)
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Acoustical
— Thermal
Insulation

Suspension
System

Copper Tube, Aluminum
Sheet, Modular Radiant
Acoustical Panel
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[Urﬂ k! by} ]-— 0 (337

Ameuvesaums 3.37 d iy ¢ Iesaliings (Critical Radius) veanumfisaninmsdumanuiou

PARY)

k
AR (3.38)
hD
Taed
A4 w oAl
. fesAiINgA, m
h,  dedulszanimsmanuiow, Wm'C @iy 12 Win'°C)
k fognmmsianudouvesnuiy, Wimee Gaunifiu 0.26 BTU.in / fi™-hr-°F = 0.0208

W/m°C)

unus1atugunis 3.37
- 0.0208W / m°C
T WimtC
r, =0.018m =18mm

Faius 19Ruaunumu 18 odims fuvio

3.5.8 NIAMIUIVHIATIENBIIAY
Tynumaimnssufifefesduns lvavesvesna 1w imSsufaidiuszuuvenda 4o

r 3 ; A ar ar  as : @ as g 9 3 @ ar & B
#e foimunr gngu wissdaame Auiuledr Aviude udu meldmsiasanms Tnameld
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Inaluanizasddiivedivualeoie: binRouslassananwluginsal  wuhdasmsinalau
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Q=4V (3.39)
&
¥
4=
4

111 A wnuagluaumsh 3.39 9218

2
7D
Q = V (3.40)
4
Taon
Q Aosas s InalauilSineg, m's (Mauvtdu 0.00025 m'is)
= ﬁy :zi' ’ 2
A ApHUNNDIMBAAL, m
D Aeidurhguinalansluviensanai, m
\% foanuda, mis AR WY 1.25 mis)
U

0.00025 = (D/4)*1.25

D 0.0162 m

It

17 mm

w 5 v ) o =y oy
Aniuandenldnenewasmdudiguinaianioty 17 Gaaums

3.5.9 msanoanmsaiomanuden
3.59.1 guvgmintegh 13 ssmwaden oz ldqungiies (T, ) 24 ssmwadva uaz

= J - = o = I
guuANUAAWATL (T, ) 2031 ssruraioa 6513 1wa 5.5 Gasdend

ceiliag

»
Amuala gunniiheen (T 157 °C
b 4
quvgiiindn (T

supply

returm )
) 13 °C

o 0’: r =y ~ g <
Faiunadvuyivowazgampinud iman: AT
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AT = }:fr»om - Tl'c'f.'r'n;.;

AT =24-20.13

AT =3 .87°C
Llasqmﬁqﬁ1€1xﬂ'§u (T,)

T — Tm’um T T;up ply

" 2
T - 15.7+13
2

T, =14.35°C

HINTHOMATIS BUINAUNTI
my C_PAT

qmud -3 A {341 )

4

s 1 r-'i oy Y = 3 oy
wmmw:mrmmmmu"lu‘lﬂiun155s~3ﬁmmmumﬂumﬂmm
4
140

‘ - 5.5

m; =5.5L/min= Ekg/s =0.0917kg /s

C = 418  klkgC

P

unum luaunisy 3.41

_my C AT
Qoond = T

(0.0917kg / 5)(4.18x1000. / kg ‘C)(3.87°C)
Teomst = (19.35m")

Qs = 76.66W | m’*

3.5.9.2 gaumgivindiegh 11 swwadng v ldgunniides (T_) 24 ssmaildise uae
¥

qunniRuAImA M (T, ) 19.14 paruaaifon §a31m3lna 5.5 dnsdoun

ceilin
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b

fnuald quugiiieen (T ) . 135 °C
a s ¥
, qunginind (T, ) SR C
o - 3 ndr

ANTUHAATVIgUHALH DD UMW UH WAL AT

AT=T,.-T

] ceiling
AT =24-19.14
AT =4.86°C

sm:qmnqﬁﬁwmgu (T,)
T — Tmum + ;’;up ply
g 2
o 13.5+11
2

T, =12.25°C

= (] e ] o o A ¥ o o
wasangrnanmay luldsumszSdanufouninuasorniad

o
4 55

my=55L/min = %Hkg/s =0.0917kg /s

Cp = 4.18 kJ/kg°C
anue luaumsi 3.41

m; C AT
qcm;d = —r
_ (0.09174g / s)(4.18x1000J / kg ‘C)(4.86°C)
QC(md (1 935m2 )

g, =9627W /m’

3593 gamgiindnegi 9 swnuvnda v ldungidos 24 esmraon uazguuyil

&
&N e

FURNWATU 17.22 DIAUBAITFON 6A31A15 1MA 5.5 ARIaou

Amuald gungiieen (T, ) co121 °C

retum:
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gamginind (1, ) : 9 °C

ﬁqﬁunﬁﬁwmmqmﬂgﬁﬁmua:qmwgﬁﬁuﬁqmmu: AT

AT = Tmum - ?:‘('rimg

AT =24-17.22

AT = 6.78°C
lmzqmwgﬁﬁymﬁ;u (T,)

T - T;‘('rum + T;up phy

" 2
= 12.1+9
2
T. =10.55°C

oy L] d’ 1 Qs o o o
Norsanmwanwa iy s umszssd@nnudouninugseiag
A

iile

my =5.5L/min =[%§kg!s] =0.0917kg /s

C, = 418  kVkg°C
unud uELnf 3.41
my C,AT
Qamd =“T
A (0.0917kg / sX4.18x1000J / kg "C)(6.78°C)
qmnd (1935"’12)

q.., =134.31W /o7’

3.5.9.4 gaungiviudtegii 8 esnuwndua vz ldguugiier 24 ewuwaldva uazqungi
J P o = ] =
WurAIne U 15.68 saruaidu ns1m3 Ina 5.5 Ansaeuni
>
fnuald guwgiitheon (T, ) . 115 °C

A: 3 a
quungiimn (T, ) : 8 C

b4 ¥
Aniuradsvesguupiitosazgumginufamenu: AT
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AT =T -~T

room celling

AT =24-15.68
AT =8.32°C

E 1

iazguvginiunne (T, )

T

Feturn
T, =

+T‘“PP1)J
2
11.5+8

2
T.=9.75°C

T, =

=l

woaaanmmain lildsumseSidanufeunnuaserfiag

]
$Y13]

my =3.5L/min =(%kg/s} =0.0917kg /s

C, - 418 kikeg°C
unua Iuaumss 3.41
my C AT
q(:rmrn' = _T
_ (0.0917kg/ $)(4.18x1000. / kg "C)(8.32°C)
o (19.35m7)

q.,q =164 81W /nt’

35,10 MSANNUNEAINIGENTEINNG (Friction Loss in Copper Tube)
o d‘ 1 l;,: - ‘3 ! o :: ﬂ; 1 - o

wismngadoluioiuszfadulunasdudofnisiiszmiimsggdendanesnihi 2
1 E ] r c; - ot T 4:; =l o :: = | [ r;
fudeiufeduidums gofonanuasdnsgapioses Tasnmsgapaondmiusziiileden
N . 1
fendasfio anueveme vuAveie uaza I oo lvaf iwarue Taoludiinez@en
samimsuadi 15 dasanii wie 0.00025 was A Audanims Inafigegaicunsaminglinld

* £ :’I M ) G!. t A \ ] L]
dunsgadessaiusziiudiuvedodnilvidoudaszn e



VINFUNIIN 3.40

HAUAT

ah?
= 14
o~
4
V= ”é“)g (3.42)
4x0.00025
Vo 2T
7(0.017)
V=125mls

3.5.10.1 wisnugapanyin

' £
W11 The relative roughness : B

ALY Reynolds Number

= &0 mmZ 2.95%x107° (3.43)
E-V,27
Re = i (3.44)
H
3
re - (999%kg /m* J1 .25mx33)(0.017m)
1L14x10°
Re = 18622

38

v 0 ¥
921U 11A1 Reynolds Number 1 101210031 4000 iamsiitiuns Tnanuuiuiums wasiuaiunse

wim £ 1dangas

B

3
e 0.25[ iog[%—? + —514—)] (3.45)

ReU.‘)
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-2
2.95x107° 5.74
f =025 1o +
( g[ 37 (18622)" D

£ =0.0264

=

waanundnngydeluie Tasfinens 76 wns

po= S

3.46
"= 2D (3.46)

HYUA

_ (0.0264)76m)1.25m / s)’
7 2(0.017m)9.81m/ 5*)
h, =9.4m

3.5.10.2 nianugydgsssninavulutens
Tavido TAudazaozlia K Tuwihiu mindludeds 1800 s2iid1 K = 1.5 Tidwau 14 #2 dwu
donoydlousziin K = 0.08 i 56 A1 daudedamumasziinl K = 2.0 1 2 daudese 900 uuuinden

o w { s
A1 K = 1.5 1 10 @ Fagasi$lunsduande

h = & 347

UIUAT

~ ((1.5%14)+(0.08x 56)+ (2% 2)+ (1.5 16))1.25m /5 )’
Y 2(9.81m/s? )
h, =3.54m

3 ] ¥
mzasiussindanungyivluvenimenm

h,

cerf

L =R+, (3.48)

UALAY



h, =94+3.54

rvrding

h,  =12.98m

certind

113199 3-4 wanam K §m3bms masnuvens huwunia

40

gunsaluszuune K
Y040 (Elbow)
- daae 90° (lnd), nuuwmiunlay 0.3
- 9911 90° (1}nAY, wuwnas 1.5
- 30 90° (5AdE1), nymtula 0.2
- de1090° (Sationa), nuunden 0.7
- dp3p 45° A0, Lol 0.2
- 4w 450 (Und), npwnAe? 0.4
Yo1hand (Return Bend)
- 49w 180° nuunihudlon 0.2
- 4830 180° WUNFLD 1.5
1o MNNI (Tee)
- valunndy, vuuwihudau 0.2
- valisendy, suunden 0.9
< wanon, ruuwihmlau 1.0
- vouws, wuinao? 2.0
tiorioguilau (Union), sumnde (Threaded) 0.08
]151 (Valve)
- Teswnan, Sadei 10
- LpaRn1d) (Angle Valve), loud 2
- 19A81 (Gate Valve), iTlatiai 0.15
- nananila 14 0.26
- naaaila 378 0.81
- wanidaila 12 2.06
- mandatla 5/8 5.52
- andaila 34 17.0
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- wnenaaile 7/8 97.8
- MUY (Check Valve) una3 (Swing Type) 25
- MAWUNEY (Check Valve) iy1gnilu (Ball Type) 70.0

o
3.5.11 ANty

o
reansamvnaveaily ldvingas

Power = lngh?;,m ) (3.49)
HnuA
P =(999%kg fm’* J9.81m /5> }0.00025m / 512.98m)
P =639
Taoit
Q  Asdasinislua, mYs
A4 feduinihdavesrenoaa, m’
Vo feaaunia, mis
& AoAuuIvIZANYA, m
D Aedudiguina 3ueifisnoauag, m
Re  #8 Reynolds Number
p ﬁﬂmwwmmiummﬂyl, kg/m’
7 AonNuNiA, Pas
£ Aeanlignsunimudsamu
h,  AowAauguitendn, m
h,  Aewdanugoduse, m
P Remdwoaiiy w
g Aousalfindasvealaniid 9.81 m/s”
" ﬁawﬁmuﬁqqnﬁniuﬁaﬁwm, m

Loal~ o

Ao Loss Coefficient
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VIANT19 4.5 AT 017 4.3 AT LAZANUEEAALEINATY 2.7 was TR Tumia
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{ {emp sensor

Ceiling Type
temp scnsor ¢ &
Radiant Cooling

Room

FUN 4-1 HEASENHAEYOITZ VLN TN DT MUY LA S 339 100 We 134
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e Supply ...

FUM 4-2 mansdavamynenein dwwunsenagoy

4.1.2 (5UB0S

kd

deAy M 1 b 1 LY = Moo P
dlugilnssifldianidien wugnsaiiaguugl AnwuRA e mohamznouan

Weanagili 43

T lamp

=
Ceiling Temp Sensor

Radiant Ceiling

diffuser

i 1

temp sensor:
i /

===

outside temp

17 43 i aass wnWavewduesvesszvuia nadunnnTadenmau
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4.1.4 thui

EL:' calgw i 2 A ' . o

dugilasunldaniuiuusuma uhanutiu

- SPERONI TYPE CA 198 nuumuaiailving 1.5 usai

o e a o s 9 o

- yowasuuiviany usdu Wi 200 — 400 Taad nszua 5.8 — 94 A ALl 11 kW

AIIE 178 2800 SBUADUIN
E-Y)
- Ao uds uazdugaua 1 1a
» »
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4.1.5 notimazYananig
Tuntinaasstios lgvetinzdade PVC CLASS 13.5 2 vinada | 17 uaz 0.5 17 Tasvimb
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azdensazguing | iih Wiusroeduhngn wdmimedunihudgihmanmnnudu dume

[P ] 1 -: LY r [} ;u o Y ar 1 o o
HazYDADA IS YR 0.5 U7 1‘1}'11&“!1'.]31!.6?71’:’!014“8151?1ﬂ”llil.HulWﬂ1‘H‘ﬂ1ﬂ’l]mtlu

4.1.6 DUIUTUANUSa U

H ] o a
Tumsnaasdfi ldmumonanumuiu s dsudgmnaiys Tenmmsihanuiou 0.26

w
¥

~ 3 = e 1 t : 1
BTU.in / ft -hr-°F (0.038 W/mK) A21UHU n i1 (20 Tiadwa) 19uvedaniniu dxuuveaiunan
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