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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 ¢eiling 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 belween copper (ubes. The
spaces are 350, 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 iemperature on the ceiling at each point should be nearly. The result
from the cxperiment 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 10 compare with
floor type radiant cooling system in casc of none of solar load. Then, in case of 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 mIwnyiou (Convection)
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MR 3-2 ugRsmMed nvesdinfizdngnrsmnniuton (WaoC)
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(W/m'Q)
MIMuuLdas=il AT =25°C
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: o Ai o oy
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H .
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- BIMAUTINNA 85
- nunSeua 1800
- A0 1 kgis Melune 0.025 was 10500
MIABAYENIIN 1 atm
- muaealumsuz 3000
= A o o 9
- msweaiddndanuiougiga 35000
- nsmeatluddy 300
mintudvedlerifi 1 atm
- amnduAatiuisugg ruYeuwueu 9000 - 25000
- mendudanduuduieg vurisuuifag 4000 - 11000




33.4 mauwn$agna1udew (Radistion Heat Transfer)
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fnadsanzgqunInreuiAIL smevewyudansagnuas dmiioufunadnsniuiou (Heat
Engine) fimsfoundauddmdniniae oms  uashimesdnsufunasnsniudon
Sumovesmus idesdimalassamudeviinid sz Tomigunademsudeatu 1wy msmomany

r 4 LIN-%3 L] 1} ) 1 o q‘ A ‘é
fouvesumesziuegivanunand nizninguugivassumoiudunaden ATanimwesnuiou
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4 : : 2
feanvingameszgnidesTasmamislailugilvesnnufounds (Latent Heat) nagdnaFamiliszgn
tasuTaona lnmam uaznisuasedlugtuesnnufoududa (Sensible Heat)
" ¥ 3
hisdhaghinadennuidnavevessumouyud fo ideffinypdonld  ssduns
nonssN guugleInd gamginsudsdinte anwiuduing unzmuadeuiivesninma (riwda
o @ 4 =) t d’lv & o ]
o) Tavgungiinidnauwvoayuiedlug 20 - 27 swuwador maEuduiniegtugas
o P a
50 - 60 %RH LAzAMG 090 1MAUT NG 0.1 - 0.3 MASABIUNT AMNIATFINVDL (American Society

of Heating, Refrigerating and Air Condition Engineers) ASHRAE 1992; [SO 1994

34.1 Qﬂlﬂqmmﬂaﬂﬁﬂ (Operative Temperature)
ad vy o = da < g s '
Hugamgifunudddnld difsnmsidmmitounlamesqungilugamie vy o
hgeTuguugiionnimasiimiigs uam1 Operative Temperature zfimfiganitgamyiiveseimasonda

= 1 q/ o) w o 2 o ot v 4 i
Tnvmunanuyeiflaiugangiiseun  duduguugiitimsanldideofwomyuide  gasiild

A7 D
T — hrTMRT +thazr (3 3)
” h +h,
Tao#
A o o Ul o
T,  fAeguugiiuyudidn’d, °c

NBLinearized Radiant, Wim' °C

-

4
h, andmlszAninswinawden, wm’ °c
T, fAoguniioInd, °C
TMRT ﬁaqmwgﬁmmﬂ%’aﬁmﬁu (Mean Radiant Temperature), °C

Idefigunaginsuissdindo so ssmmadod uanieiinnudoui 0.4 wasdeduil Tay
wmdulszdniveananudou uasdulssnimniamdeun1dlunfnande udlutag
annediigumginsuifidindotesnds so ssmwadoa uozarmdramiosndr 0.4 wasAedud ez
Hgungivesmsusfsdindonozquugivesmaiiudundodu  Taoddnlszinivesmnarudeon

wpzmdulszdnimmimnufeuzlisntfasmiimfiouivgungl swldgasdnnm

T — MRT uir (34)
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Acoustical
— Thermal
Insulation

Suspension
System

Copper Tube, Aluminum
Sheet, Modular Radiant
Acoustical Panel

JUM 3-3 npnsg nabsznsvvesfumandonsuyyiizes
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Copper Tube Reformed into Saddle
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=1
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g, =|J, _Z F.J, (3.15)
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£, fediuaned
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F = : : 1 (3.19)
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3.5.5 mannnudeurunti
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Taoldidou lvwonuan it 3-8
T(0)=T,, uoz T(L)=7, (3.23)

unuad luaumsd 3.22 1214

5.1
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1.5.6 mahauSeuumiionsanTzuennoy

Cold fluid

P 4
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(3.36)

dienmuaums 3.36 avluauns 335 ubdwmensulendiouty r udrevifugud

dq ___ 2mkT,-T.)

[Urﬂ —k/ by} ]-— 0 (337

Ameuvesaums 3.37 dmsu r, 1WAsaliIngm (Critical Radius) veanuuiisanimsdmanuiou

PARY)

k
r,=— (3.38)
hD
Taed
&4 w oAl
. A9AIINGA, m
h,  fednlzanimsmanuieu, wm'C @ifInY 12 Win'C)
k fognmmsianuiouvenuiy, wmee @aunifiu 0.26 BTU.in / fi™-hr-°F = 0.0208

W/m°C)

unus1aatuguns 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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Q=4V (3.39)
&
¥
4=
4

111 A wnuagluaumsh 3.39 9214

2
7l
Q = V (3.40)
4
Taon
Q fodasns nalaulTings, m's dauvitdu 0.00025 m'is)
= ﬁy :zi' ’ 2
A ApHUNNDINBILAL, m
D Aeidurnguinalanioluviensanai, m
\% foamuda, mis A WY 1.25 mis)
U

0.00025 = (D/4)*1.25

D 0.0162 m

It

17 mm

o 5 v ) d - o
gniuandenldnenowasmdudiguinaianioty 17 Gaaums

3.5.9 msanoanmsaomanuden
3.59.1 guwgmintegh 13 ssmwader oz dqungiies (T, ) 24 swwadoa uaz

= J - = o = r
guuANUAAWATL (T, ) 2031 ssruraioa 64513 1wa 5.5 Gasdewd

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 BUINAUNTS
my C_PAT

qmud = A {341 )

4

s 1 r-'i o Y @ = 3 <y
wmmw:mrmmmmu"lu‘lﬂiun155s~3ﬁmmmumﬂumﬂmm
4
¥

‘ . 5.5

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

C = 418  klkgC

P

unum luaunish 3.4t

_my C AT
Qoond = T

_(0.0917kg / s)(4.18x1000. / kg ‘C)(3.87°C)
Beoms = (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
iy 2
T = 13.5+11
2

T, =12.25°C

= (] P ] o o A ¥ o o
fasantananmau i ldsumssSdanudouninuasornad

it
) 55

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

Cp = 418 kJ/kg°C
anus luaumsi 3.41

m; C AT
qcm;d = —r
_(0.0917kg / 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

N 2
T = 12.1+9
2
T, =10.55°C

oy L] d’ 1 a s = o o
worsanmmaima i s umsz S d@nnudounnugsoiag
A

iila

m; =5.5L/min =[%§kg!s] =0.0917kg/ s

C, = 418  kVkgC
anud luaunf 3.41
m; C AT
Qamd =“T
B (0.0917kg / sX4.18x1000J / kg "C)Y(6.78°C)
qmnd (1935"’12)

G0y =134310W /07’

3.5.9.4 gaumgiviudnegii 8 esnuandua vz ldguugiies 24 ewuwaldva uazqungi
J a o = ] =
WurIne U 15.68 saruaidu w5103 Ina 5.5 Aasaeui
>
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)

woaaranmma i luldsumse S nufeunnuase i

]
$Y13]

my =355L/min =(%kg/s} =0.0917kg /s

C, = 418 kikegC
unua Tuaumsy 3.41
myC AT
q(:rmrn' = _T
_(0.0917kg / 5)(4.18x1000. / kg "C)(8.32°C)
Heoma (19.35m7%)

q.,.q = 16481 /nt’

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

wawmngadoluiotuszpatulunmdudofnisiiszmiimgydendunesnihi 2
1 k4 [ ] r c; - ot T 4:; -l o :: s | [ r;
fuduiufeduidiums gofonanuasdnsgapioses Tasnmsgapaondmiusziiileden
N . 1
fendasfio anuveme vuAvewie uazamI oo lvad inarue Taoludiinezden
samimsuadi 15 dasanii wie 0.00025 was A Audanims Inafigegaicunsaminglinld

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

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

3.5.10.1 wisnugapanyin

v by
W11 The relative roughness : B

ALY Reynolds Number

£ _0.0005mm _ 2.95%x107° (3.43)
D 17
Re = £rp (3.44)
H
3
Re - (999 /m* J1 .25mx33)(0.017m)
1.14x10°
Re = 18622

38

¥ 0 ¥
921U 11A1 Reynolds Number 114081210031 4000 i sintiums Tvanuuduthums wasiuainse

wim £ 1dangas

LU

-2
f= 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 wianugydnsesiinavuludens
Tavide TAmdaza9zlia K Tuviiu mindiudede 1800 seiid K = 1.5 fiduau 14 62 dowu
Joroyilousziin K = 0.08 i 56 @1 diudedemunasziing K = 2.0 §i 2 2 daudese 900 uuuinden

o w { a
A1 K = 1.5 1§ 10 @) Fagasi 4 lumsduande

h = & 347

UIUAT

b ((1.5x14)+ (0.08x 56)+ (2 x 2)+ (1.5x 10))1.25m /5 )’
" 2(9.81m/s? )
h, =3.54m

¥ ] ¥
mizaziussindanungy v luvenimen

h,

cerf

L =R+, (3.48)

UALAY



h, =94+3.54

rvrding

h,  =12.98m

certind

113199 3-4 wanam K §m3bms masnuvens huwunia
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gunsaluszuune K
Y040 (Elbow)
- faae 90° (lnd), nuumiunlay 0.3
- 9911 90° (1nAY, wuwnas 1.5
- 9930 90° (5ATie), nuamthulau 0.2
- de10 90° (Sadiona), nuunden 0.7
- dp3p 45° aA0Y), nuwmhuilau 0.2
- dpw 45° (nd), LpwnAe? 0.4
Yo1handD (Return Bend)
- 4o9w 180° uwunulau 0.2
- 4830 180° LUNdLL 1.5
YoAa NN (Tee)
- valundy, suuwdulau 0.2
- valisendy, suunden 0.9
< lwanon, ruumihmlau 1.0
- vouws, wundes 20
tiorioguilau (Union), tumndie (Threaded) 0.08
]151 (Valve)
- Teaunas, Sadni 10
- upaRn1d) (Angle Valve), ilomdus 2
- 1A81 (Gate Valve), iilarfail 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)
unuA
P =(999%g /m’ J9.81m /52 f0.00025m / 5 12.98m)
P =63.9%
Tao#t
Q  Asdasinslua, mYs
A4 feduinihdnvesronown, m’
v feanuii, mis
& AoAnuuTuIzANYA, m
D fAedudiguing vefisneung, m
Re  #i8 Reynolds Number
p ﬁﬂmwwmmiummﬂyl, keg/m’
7 Aonnunila, Pas
£ feanlznsunimudvamu
h,  Aowdeuguieudn, m
h,  Aewdanugoudusag, m
P Remdwoaiy w
g Aousalfindasvealaniidn 9.81 m/s”
- ﬁawﬁmuﬁqqnﬁniuﬁaﬁwm, m

Loal~ o

Ao Loss Coefficient
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1.1 gnsaimanaaesililudemaney
4.1.1 HieaNANDY

VIANT19 4.5 AT 011 4.3 AT NAZANUEENAALEINATY 2.7 was TR Tumia
fiulzinu 19.35 marawms Usznoudsiuma i uuinoyu i 4 A o laoua
azgathumisaosynsufu 2 whwwauhanudu Taoileg 2 4a uazyeaosdin Tnufumssiaes

53‘1]‘111&1?1’)1311,?!14}1”Iiﬂ.u’ﬁl'lﬂ'l‘i‘ll‘lﬂﬁl%ﬂ

$lemp sensor

Ceiling Type
temp scnsor ) N
Radiant Cooling

Room

FUN 4.1 naasdnuaE YO ISz UUM TN DG U UE T 3T 9 100 We 13
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e Supply ...

FUR 4-2 mansdavaemsnemein Bd wwuisenagey

4.1.2 (wUIB05

kd

sy Mo b 1 o q = M oo [
dhugilnssiflFsaniaian mugtnsaliagungil ANwIuRdumime mohamznouan

Weudagili 4 -3

™ lamp

==
Ceiling Temp Sensor

Radiant Ceiling

diffuser

B

temp sensor:
i /

===

outside temp

17 43 i aass wnWavewduesvesszvuia nadunnnTadenmau
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A 44 nmmansgilnsaiianigamgidlenseriv

4.1.4 thui

EL:' calqw i O A ' o o

Wugilnsunldanihduuusiuma uhanuiu

- SPERONI TYPE CA 198 nuumudfiiailving 1.5 usai

o P a o s 9 o

- yowasuuviand oswwulWif 200 — 400 Taad nszua 5.8 — 94 A Al 11 kW

ATIIS 1781 2800 SDUABUIN
b1
- Ao umds uazdugara 1 17
» »
-fiahlumsdagage 58 was imhdga 18 was

- das s Tuagege 80 Ansaeuti
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4.1.5 notimazYananig
Tuntinaasstios lgvetinzdade PVC CLASS 13.5 2 vinada | 17 uaz 0.5 17 Tasvimb
¥ ¥ ¥ w
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

»
¥

~ 3 £y oo 1 t : 1
BTU.in / ft -hr-°F (0.038 W/mK) A71UHU n i1 (20 Tiadwa) 19uvedainiu dxuuvesdunan

# 3 )
ﬁwm'rmﬁu taz e Uil’)‘ﬂlﬁﬂﬂ 39%1‘14 uu*u%)mw'ummuﬁmamaﬁmﬁaﬁaa AUMSIUMIUHR NN

guHgleIme

4.1.7 uiudrasama i I nduNENAaa UM TLaL 52 HI NN AN
] ¥
prvmanimnuiuniFlumsmeasvhunwivegiidomnn 2 Gadwas Auduglivue
¥
= = ’ a g @ r ] o
84 FURAT x 100 uAKms uazivenswmadwmiuiudulwadwvnaduiuguinaanmelu 17

P T - oA o ¥ ar w g
findumy duruguinanaouen 19 Jaduns adanndundmdtlaiudeauiuns

+T1 O O

| 1004 -

1 o - H 4
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