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Ceiling Type Radiant Cooling System

Tanakom Wongwinyoo
Noppadel Treeyaprasertporn
Assist, Prof. Dr. Chinda Charoenphonphanich Advisor

ABSTRACT

The air conditioning using cooling ¢eiling panel provides many advantages such as increase
thermal confort 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 s, thereflore, another interesting alternative for air
conditioning system. In this research, ceiling type radiamt cooling system was designed and
cxperimented, Cooding ceiling was reproduced (o test the uppropriated space between 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 te consider the distribution ol
temperature on the ceiling and the temperature on the ceiting 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 10 compare with
floor type radiant cooling system in casc ol 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 different of the tcmperature is
within 1° C. This displacement was used (o0 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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n1INdl 3-1 nensmaamnnimandenves ing (Wmk)

rilnveaing Aanmnninnueuvesiag (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
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Acoustical
— Thermal
Insulation

Suspension
System

Copper Tube, Aluminum
Sheet, Modular Radiant
Acoustical Panel
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Copper Tube Reformed into Saddle
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T.-T
Clx"‘—r-‘-z
in-
L$)
T -7.1
-1, (TNl
In-L+
5

udwmundy 1o luaums 329 vx'ldmsnszawgungdlumisdennuasaiidhy

T, -T,
T =2 ln(:w] +T,,

HNUTUMTVBINITNTENIVRIBUM LA IUANM Y iToT

g=—ka’T - omia T

r dr
s lddasimaimiudourunt ey

_ 2m‘Lk(ﬂ,1 B Tsz)

7= r
ln[—z—]
h

(3.30)

(3.31)

(3.32)
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ANTUATILATUMUMIA TS BUYD I T Inens sns sy anuaa s 1861

(3.33)
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faiime  FudlunaiWiuiiamstomanudeunindu  Sudihgungiffnzanamuaumsms
' 3 aa A = PRI ] o Y o ) 1 s q Y
GIWNATNSOUTHI g, = hA(T, - T) Tuiitinez Tz iniingdilathaimsdumuiuness i 19sas)
: 2 2
mamsnANu ey
R : g 4 .
WIsUIMENTINTEUANAAWIRN 3-10 Femouentuauuanudeou wimusenBas

l ¥ -~ t
msmummm%’aum T‘T'iﬂil?]ﬂ'lﬂﬂﬂﬂllaiﬂﬂﬁllﬂ'ﬁ

(r-1,)

(3.34)

/
&

hD L] T‘D

YA 3-10 venszusnnnasfuanIy

=2n.

Tao

ZR:: I +ln(r"/r‘)+ ! (3.35)
h A 2kl h A
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= 3 o 1 3 * [ - ] @
Tannd  anudwmusnudeouvessimeilanion  3¢lddesinnfiauazmoluvesmilu
- o &£ oA o a = '
vounad wiems Falmdlszinsmswinimfougann () dusal¥ninudwmuianies (1)

1 4 .
aanalé viufe

P U
2L kA

e°Ta

(3.36)

iioumuaums 3.36 asluauns 3.35 udrAanmenasuFendiouny r udar lavirfugud

dq _ 2T, -T.)
dr, [, 77)+ ki, )]

[/, —kin s j=0 @

Yo @

Amouvesaums 3.37 dmsu r 1Wa5alinga (Critical Radius) veaauaufisasimsdmanuion

A

k
r,=— (3.38)
hl’J
Taof
A w oAl
r,  fesaildngs, m
B, fAednbzaninsmanuien, Wim'C @S uHIAY 12 Win'C)
k fegnmaianuiouveInuIy, WmeC @auviu 0.26 BTU.in / f*-hr-°F = 0.0208

Wm°C)

unus1aluauns 3.37

0.0208W / m°C
r,= -
T2 ImC
r, =0.018m =18mm

o
Qo

w1 idRuiunuyu 18 dadams Yuvie

3.5.8 NTIA T IUMIVHIAYIBNBIIAY
F-3 1 ‘:: [ 1 : :; ) 1 o
IynumdianssufiferFadunts Ivaveswadlva v dimSeufafidmszvunenay Je

] kY qy & as ar  as : W ar 24 ¥ 1 @ ar & L
de oo grgu wissdaema Aufuled Anfuude dludu aeldnsiadasms Tnaneld
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Q=A4V (3.39)
P
¥9
4=
4

111 A ununaluaunis 3.39 9214

2
ah
Q= V (3.40)
4
Taun
Q fosasions nalanlTings, m's (v 0.00025 m'is)
=) ﬁy d' ’ 2
A ApAUNNDINDILAL, m
D Aeidurmgudnannioluviensaum, m
v fonnuta, m/s dd e 1.25 mis)
HIUAY

0.00025 = (D/4)*1.25

D 0.0162 m

It

17 mm

o z v * d -
guiusndenlFnenoauasrmdurmguinatanioty 17 dadumas

1.5.9 msmuaarmsaomanuden
at w14 o a Y -
359.1 gumgihindegh 13 esmnvadue oz Aqungives (T ) 24 ssnignidoa uaz

ad a ] o = 3 a
guuINUANWAIL (T, ) 2031 sasiraiFua das1ns tha 5.5 Ansaeui

ceiliag

Amuald guupihesn (T, ) Cs7 °C

retum

quugiii (T, ) : 13 °C

upply

o QHJ r =y ~ ; <
fuiunadveguuivoaazqampinudmam: AT
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AT = T;'nom - Z‘c'f.'fng

AT =24 -20.13

AT =3.87°C
Lmsqmﬁqﬁﬁ’uﬂ?{u (T,)

T. — ?:—efum T T;upply

" 2
T - 15.7+13
2

T, =14.35°C

WM IOIBNAT NS DU AN
m; C AT

qmuu' = A {341 )

o 1 P o Ve o = ¥ < o
wmsmwammm‘wmu"lu‘lﬂsun155saﬁmmmummmqmmu
A
e

m; =5.5L/min =(%kg/.s']=0.09l7kg/s

C, = 418  klkg°C
unum uaumsd 3.41
m; C AT
q('omf :——:4——_
_ (0.0917kg /5)(4.18x1000J / kg “C)(3.87°C)
T (19.35m%)

Qs = 16.66W / m’

3592 gamgiviutegh 11 sarwsadua oz lAgungivies (T, ) 24 samuamdua uaz

5 =]
QUAnIRUAINAM (T, ) 19.14 Daruanion 6031013 Tva 5.5 dasAouni
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Amuatd quugiihwen (T ) . 135 °C
qungiitiid (T, ) S} °C
- g

» -
ANTUHAATIVDIRUHALTD AT QUUAINUR INAL: AT

AT =T, -T

FeHIm ceiling
AT =24-19.14
AT =4.86°C

sm:qam:‘]ﬁlfm'ﬁ‘ﬂ (T,)
T — Trr!um +Ts'sup Al
iy 2
T = 13.5+11
2

T, =12.25°C

viosansrmarnmeue i ldsumszSiannudouninuasonad
a
1B

my =55L/min m[%%kg/s] =0.09174g /s

Cp = 4.18 kl/kg°C
unumluaumsd 3.41
m; C AT
qcnud =T
A
_(0.0917kg/ sX4.18x1000J / kg "C)(4.86°C)
QC(md (1 93 sz )

q.,4 =96.2TW I m’

3593 gamgiindiegh 9 swnuandua vldgungidos 24 esmwadon uazqungil

¥
o e

AURNAA Y 17.22 BIANFSAITOA SATIMT IHA 5.5 AaTADUM

fnuald guupiiesn (T ) ©o121 °C
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] gumginiudr (1, ) : 9 °C

1 = = ¥ -4
nusarvasguniifoazguvniAuA wwau: AT

AT = Tmum - T:z'rinrg
AT =24-17.22
AT =6.78°C
lmzqmﬂgﬁﬁvﬂlmﬁu (T,)
T - T;‘('rum + T;uppl'_}'
" 2
T = 12.1+9
2
T, =10.55°C

worsantamama i dTumsz @ nudounnuasoing
-
ila

my; =5.5L/min =[%§—kg!s] =0.0917kg /s

C, = 418  klMkgC
anud L 3.41
my C,AT
qurdzw
A
_(0.0917kg / s)(4.18x1000.7 / kg “C)(6.78'C)
Geomd (19.35m?)

oy =13431W /07’

3.5.9.4 gamgibinteyi 8 ssnusadua v:ldguvpiiies 24 swnaia uazgamyil

; = & o Bl 1 =1
WUHAUNAIU 15.68 SIFUBDLHUT Bﬂﬂﬂﬁ‘l'ﬂﬂ 5.5 aATADUIN

fmuald qunpiithesn (T, ) . 115 °C
gamiini (T, ) : 8 °C

»
LT

»
au‘uwamwmqmwguﬁmuasqquﬁﬁummmu: AT



37
AT = 7:'00”1 - 7:('1.’mg
AT =24-15.68
AT =8.32°C
Lmzqmﬁgﬁﬁ’uﬂfﬁiu (T,)
T = Tm'um + Twp,m’y
" 2
T = 11.5+8
2
T, =9.75°C

Aosaana el asunseSadanufounnua e fing

\ie
) 5.5

my=525L/min = (Ekg/s) =0.0917kg/s

C, = 418 klikg°C
unu Tuaumsi 3.41

myC AT
q(:rmrn' = _T
_(0.0917kg / 5)(4.18x 1000 / kg "C)(8.32°C)
Heomi (1935m%)

g = 16481W / m’

3.5.10 ASANNIAUMBAIN TZENTEINNG (Friction Loss in Copper Tube)
o d‘ =1 1 g =Y :3 1 o z ﬂ: ) o [

wisngaisluioiusziadulunmedudwfnisiiszmiinsggdondsaneendilu 2
1 Fd oo r c; =l ot T 4:; ~ o g | Y ri
dudwiufedmndumsgoondnuasdumsgapioses Taonmsgadondamivvziiilosen
= ] ] o 5 1 ] :;:’
NBIM9IRe ANNETIVDIME VIATRIYID UazATLITWRe Ivad Inarure Taeluhitisieziden
sasims lnad 15 Aasan® wde 000025 was’/ud Audasims nafigegaiaunsamimsiliuld

* = 3 v ) d. t A ] ] 1
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HAUAT

o)

4
V= ﬂé“)g (3.42)

_ 4x0.00025
7(0.017)°

V=12mis

3.5.10.1 wianugednvin

v £
H1M1 The relative roughness : B

I Reynolds Number

£ _ 0.0005mm _ 2.95x107° (3.43)
D 17
Re = 227 (3.44)
H
3
Re = (999 /m* [ .25m,’33XO.017m)
1.14x10°
Re = 18622

38

¥ . ¥
9217171191 Reynolds Number # 108121071 4000 iaasiilums Tvanuuuihums easivauise

WA f 149 ngas

s

2
g/D 574
= 0251 s
4 [ Og[ 37 Re™ D

(3.45)
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-2
2.95%x107° 5.74
£ =025lo +
1737 lsen)”

£ =0.0264

=

wanundnngydslusie Tasiivionia 76 was

po= S

(3.46
S 2Dg :

HYUA

_ (0.0264)76m¥1.25m/ s}
7 2(0.017m)9.81m/ 5*)
h,=94m

[ i q‘. = ; L4 ]
3.5.10.2 wianugednseafinasuluvore
Tanfide Idamdazai9eta K Tumiiu vinitludods 1800 92iia1 K = 1.5 U8 1m2u 14 62 d9u
dorogiiousziinl K = 0.08 §i 56 41 drudedemunissziing K = 2.0 i 2 2 daudase 90 o uuuinden

o1 = w o A W a -
i K = 1.5 0 10 @7 Fagesnlvlumamiuinne

-2V o

UUAT

b ((1.5x14)+ (0.08x 56)+ (2% 2)+ (1.5 x 10))1.25m/ s’
" 2(9.81m/s7)
h_ =3.54m

@ ] »
mzasiussindanuhgyisluvioninua

h,

cerf

.= h,+h, (3.48)

HAUAY



h,  =9.4+3.54

rvrding

h,  =12.98m

certind

7135199 3-4 aman K §m3bms masiuvens huwuaieg

40

gunsalluszuuve K
1040 (Elbow)
- o0 90° (lnd), nuumiuday 0.3
- 9930 90° (1INAY, nuwnasY 1.5
- 9930 90° (5rTien), vrumthudau 0.2
- 9939 90° SRLLV), vy 0.7
- 4pap 45° 1dvY), tuwmhuilau 0.2
- dipae 45° (1Ynd), uLLin@Ae? 0.4
Yoifantiy {Return Bend)
- o3 180° wwuwihudau 0.2
- 9930 180° nuINden 1.5
YDABAINN (Tee)
- walusua@y, vounthndau 0.2
- valumudy, suunden 0.9
< lwoagen, rwamihodau 1.0
- vauen, wpumnde? 2.0
donogitiow (Union), tuinnde? (Threaded) 0.08
]]ﬂd'x (Valve)
- Insumas, Sadei 10
- upufin1a1 (Angle Valve), Alediui 2
- IARNAD (Gate Vatve), ilaf il 0.15
- ipandila 14 0.26
- nandatla 38 0.81
- wanaaila 12 2.06
- ianaiila 58 5.52
- ANl 34 17.0
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-4
- wnanaiila 7/8 97.8
- 21870UNAY (Check Valve) (a3 (Swing Type) 2.5
- NAIRUNAY (Check Valve) U1gnITu (Ball Type) 70.0

o
3.5.11 nsAmnamvinaly

o
mmnsamvnavesilulduingas

Power = @Qh%m ) (3.49)

UnuA

P =(99%g /m* J9.81m /5> f0.00025m2° / 5 12.98m)

P =639
Tavdi
Q  fAedasnsna, mYs
4 feuiinihdavearionowns, m’
Voo feanuiia, mis
& AoAUITUIZAULA, m

D Awndudguinalavasvionsun, m

Re Ao Reynolds Number

»
p Ao YU BYD NI, kg/m’
L =
y i AAATUHUA, Pas
- & ar ~
f AealsznounIIHdEANIY
h,  AeWSwwguidunin, m
B AeWdIUgYANIes, m
P Aomdweaily, w
g fAousalinoasvealaniin) 9.81 mis
) »
Aondanungopdeluvienanum, m

T oritimg

Ea - o

ﬁ‘ﬂﬂ"l Loss CoefTicient
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temp scnsor ) N
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- T A “ | Retum e

FURA 4-2 nansdavamsnenedtidwuisanaaey

4.1.2 151B04

¥

sy Mo b 1 o' a = 4 Ao o
dhuginseifilFianidien mugtniaiegamgll anviuiidumisieg molueznouen

Weadagili 4 -3

" lamp

==
Ceiling Temp Sensor

Radiant Ceiling

diffuser

1

temp sensor:
i /

===

outside temp
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