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ABSTRACT

Radiant cooling system is the new concept for passive cooling system. In the radiant floor
cooling system, the cooling water pipes were embedded in the floor structure. The floor surface
temperature will be lower than air temperature that effects to lower the operative temperature. The
condensation on the floor covering is the one of critical problems in radiant floor cooling system
that should be avoided. The objective of this paper is to study the condensation phenomena on floor
covering in radiant floor cooling system (RFC). The experiment was done in the radiant floor
cooling test room. The dew point temperature was controlled by room temperature and relative
humidity in test room. The time consumption for forming the water droplet on the floor surface and
the size of water droplet at various conditions was measured. The results data will be useful for
designing the system or developing the control strategy.

The affected factors on condensation including temperature, humidity , air velocity , solar

load and type of material due to the different for starting period of condensation.
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g, = -kA(dT/dx) W (3.3)

3o q’, ’

q,/A = -k(dT/dx) W/m

(34)
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TAu Thermal Conductance = mmsinWioUYEIIag (B / hrf)
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MmN 31 mmsawid launis (average emissivity) ¥93309

Jrnmussinuba¥an il Aamanededunsiruilo
Zinc 0.02.0.05
Silver polished 0.02:0.07
Aluminum polished 0.04-0.06
Low emissiiy ished 0.04-0.05
wanlane Copper pol bl
Stee! polished 0.08-0.14
Stainless steel polished 0.170.30
Ol paint (all color) 0.92-0.96
White acrylic 0.90
While enamel 0.90
Red primesved lead 0.93
Han Al Teflon 0.85-0.92
mnalane
PVF 0.80-0.88
Grass, high and dry 0.80
Asbestns cement 0.95
Concrete 0.880.94
‘__

msﬁnquﬁmmmsfnui’aﬁmmi’awmﬁmhnz‘flﬁﬁmz 3 wiialaun Jaqutoud
(white enamel) , 811 (gypsum) UAZAULA (fire clay) a3l 3.9
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$afdmFelimmsasRoundugs udlugaendun 3 pim 3N Faqiinfeuunzinfoune:d

3 o A - o o
mmsmossdqe Felidnums1ndiRoeiu blackbody Z(Siebler, 1941 $19T Sparrow, 1978:38)
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deriufassmosrldndanmanudou lumsdounamznnveananiui Tasgamgiinady
Foni “anuiouuds”(Latent Heat)
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AnsananiimsvensugatnIng

»
) anuna tori (Vapor Pressure)
= P o A a daw 2 4 [
aimmlsznoudaemeni q i lem figemgila q exmwiil lohiudiufie
’ b d
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msfTInAgL

es(T) = 0.611 x Exp(17.27 x T/(T +273.3)) Ailathasa ~ (3.10)
e = (RH/100) x es(T) (3.11)

Tavfi  es(T)= mmnﬂ‘laﬁ’ﬁ'm}"'fluwzﬁqmngﬁvmm‘fu“lumsmmﬁﬁmmé“;u
qega mizeilufTathaaa
e = muduleh miwiuilahama
T = guugi mizuidlussmaaiFod

»
RH = soduduminss mihaiunlesidud
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mmna‘lammqq:—mmemmﬁmamsanm (Saturated) anunaleriiauuang iy
Tudazsrnamelunidsiu uaz uAnRIMENTHAAI IS mmﬂﬁ'lamavuqaqmumm
n.ﬁ'uﬂuuqmua'vaﬂmuaunqﬁmnmm'ian mamnmsmﬂ‘lamummﬁuwmmnqmnqu A

mqnammnu‘luqa%’aummmwnﬂ'lauﬂummﬁmﬂmnnanﬁnumuunummﬂa‘lauﬂuqﬂ

U3

2
¥) A21FUUN (Absolute Humidity)
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f) 1USnuauY (Moisture Content or Humidity Ratio)
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R = 623e (in gram of water vapor) / Pd (Kilogram of dry air) (3.13)

d' o ’ 4’ = T = o : o o Y
Taoh R= am1mum1uwunmmﬂuniaﬂsmnaa"lammnTaﬂiu'ummmﬂum

E 4
e = ANUNA 1IN
Pd = AMUNAYOIBIMAUNI (Pd=P —¢)
[ v
P — AnunadusIlssmMmnasgfissauimeeiimiudluus (var)

fauviify 1.01325 113 NaumAu 100 Alathana
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Abstract

The aim of this study is to find out the suitable control
strategy for radiant floor cooling system. The experiment was
done in the radiant floor cooling test room. The parameters used
for controlling the system are floor surface temperature, supply-
return water temperature and room humidity. The final target of
this study is to obtain the maximum capacity without problems of
condensation and thermal comfort.
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Abstract e
Radiant cooling system is the new concept for alr conditioning
using radiation heat transfer instead of convection in conventional
system In the radiant floor cooling system, the cooling water pipes
wers embedded In the ficor structure. The ticor surface
unpemmmwllbebwuhanﬂwaktempemmmmateﬂedsm
bwaﬂnopuamwnpemmmmocdmdmﬂononmeﬂoor
covering Is the one of critical problems in radiant floor cooling
system that should be avoided. The objectivs of this paper is 1o
study the condensation phenomelia on Hoor covering in radiant
floor cooling system (RFC). The experiment was done in the
radiant floor cooling test room. The dew point temperature was
controlled by room temperature and relative humidity In test room.
The time consumption for forming the water droplet on the floor
surface and the size of water droplet at various conditions was
measured. The resulis data will be useful for designing the system
or developing the control strategy. '
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Surface temperature sensor
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1. nABIATATOU (Canon EOS 300D)
- EF-S 18-55 mm {/3.5-5.6 lens
- Filter size 58mm
- Min. focusing distance 0.28 m
-  Minimum aperture {/22-36
- Total pixels 6.5 megapixels (3152x2068)
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4. vhusedagamgluniiuRomeacey
- Johnson Controls TE-6300 Series
- Nickel sensor
- Temperature Coefficient : Approximately 3 ohms/F° (5.4 ohm/C")
- Reference Resistance : 1k ohms at 32F (0°C)

- Accuracy : +3.0F at70 ¥
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Nominal Temperature vs Resistance for Nickel, Platinum
(and Platinum Equivalent)*, and Thermistor Sensors

Tempera- Resistance (Ohms) Tempera- Resistance (Ohms)
.F""".c Nicket | Pt | Ther- W". Nicket | P1U- | Ther-
num mistor *Fi°C num mistor

50 |46 1674 82 109872 90 132 1060 1125 1652

40 |40 [699 843 75466 100 |38 1090 1147 1313

30 (-4 725 865 52573 110 {43 {12t 1168 1051

20 |-29 |751 887 37116 120 {49 [1182 1190 847

-0 1.23 {772 908 26529 130 Is4 11184 1211 687

0 -18  [803 930 19208 140 160 {1216 1232 561

10 |[-12 |80 952 14062 150 |66 [1248 1254 461

20 -7 |88 974 10408 160 |71 {128) 1257 380

30 |- [&3s =3 7784 170 |77 [134 1256 316

0 4 914 1017 5330 180 (82 1348 1317 264

S0 10 [942 1039 4434 190 |88 1382 1339 221

60 |18 o7 1081 3450 200 |93 a7 1380 187

70 |21 1000 1082 2678 210 199 j1432 1381 158

80 127 (1030 1104 2095 220 (104 }w87 1402 135

S. m‘simi'amwt?mu (Anemometer)
- STEMSHIRE Moter and Drives Limited TA3
- Velocity rang : 0.2 to 30 m/sec
- Telescopic handel — optional 35 mm
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Metric m/s

imperial ;tl-ln

Range Instrument True Range instrument True

Readling Reading Reading Reading
o - 20 20.00 20.03 0 - 4000 3937 3944
0o - 20 5.00 5.02 0 - 4000 2984 987
0o - 20 0.00 0.00 0 - 4000 0 o

Calibration temperature
Instrument temperature 20.2°C/ 88.4°F

20.5°C/ 68.9°F

Barometric pressure 1007.6mb./ 29.8"Hg.




147

6. Naoufnszuanss
- 12VDC
- 5200 RPM
- 3 in dimeter

U v-6 uaaaiaan Iihnszuanasse

41 = 2
7. wisaRuaNuFu sy (Humidifier)

v » 3 4
91 9-7 neAAURTBANUATINTY
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gamph k p < ax)o
3
ga77 °C Wim°C kg/m ki/kg°C m'/s
ocpfiBonsonied, Abudmin 30 I 3970 076 150
sepfionoonlasd, slndumonn 30 36 3970 0.76 120
uperiink 20-55 0.74-0.76
By:
Sy wa¥remn,
oTIHAY 20 069 1600 0.84 82
frwin 132 2000
By fluhidn 600 185
1400 11}
Bylas 200 232 3000 084 92
550 247 98
900 1.99 19
Mulaozapsnanbos, Auuscnribalv 200 024
B 031
Spnidst Tuiif 2026°F 500 1.04 2000 096 54
800 107
1100 103
Twied 2642%F S0 128 2300 096 58
800 137
1100 140
Ry (Mixsouri) 200 1.00 2600 036 40
800 147
1400 177
wantfiod 200 as 113
. 650 277
1200 190
Sonk, Uotmmd 028 1500
wadnd 2 116
dnfuammmilsd 30 s 1300 1.25 16
sountn, Sumed 23 0.76
o, nomludind 1.2-4 20 137 1900-2300 038 8.258
nazen, miwin 20 0.73 (avp) 2700 084 34
Tnlsttinn 3078 1.09 2200
amivd, Inlyiafin
whncSnatu % 1900 " 2200 on 12,200
Rocndvd 30 56 2200 o 36
wrihRavein
ramnuhan 30 0.079 590 13 10
ATRMNINAR 30 o1? 1000 1.3 13
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MTN A-1 UAIAINRINTIAAN < Yo Taq (D)

gomgh k P c ax10
aavs °c W/m-°C kg/m’ W/kg-°C m'/s
Yasnmmed, Budiu » 048 1440 034 40
whilaeain g 20 047
whildmbn o 20 028
rofuofiiu 30 033 960 21 154
nofilwifiu 30 0.16 1150 19 0.713
nofilafianacl sk » oM 10 11 D48
o, ubh 30 0.15 1200 20 042
Shnouatiluk 30 490 3150 068 2290
1 ']
ik 100-300 1.73.3.98 2640 082 818
s 1.26-1.33 2500 050 5659
Marble 0 207:2.9¢ 2500-2700 0.80 10-136
o 1.83 2160-2300 on 112119
oninow 2 038 2200 108 1.5
Tmmbonlnssnted 2 8.4 4150 o7 »
18 (Rmowrnfiianmy) :
vone, 3.8 VRS 2 0083 140
iens (Cypress) 30 0.097 460
s (Fu) z 033 a0 wn 0.96
3euDen30TA [Maple or cak) 0 0166 540 24 128
#ums (YeBow pinc) B 0147 640 28 0.82
s (White pie) 2 0132 430
Acoustic tile : 0 006 29 3 16
Totw:
Janansi A (Loosely pecked) 48 0349
[ 0.154 050 0816 334
100 ‘a6l
Toths Sk 20 0.74
wihslon s1 0.166
Fek, 40 luniastions/in 38 0.057
150 0.058
250 0.083
20 lsminsionaia 33 0078
150 0095
260 0.2
a4, 4 pilc/in 38 0.087
0.100
150 0.119
Sunkluu - 208 »
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A1 A1 UAAIRIAVTIAA N <) voITdq (71D)

gungh k P < ax10’
a3 °C W/m-°C ke/m’ K/kg-°C m'/s
Bivadh, 22wk’ 32 0.04 35
nifruota, funeu - 0.064
lnding 2 0.048
nofnuedn, 2.2 bR’ 30 0.043 160
nodn, regranulated 32 0.045 45.120 1.88 253
Ground 32 0.043 150
inyy, Ursumila
anu 30 2300 3500 0.509 12,900
fullrosmomn®on (Diatomaceous
carth)
(stl-o-cel) 0 .06 120
dnvan, 30 0.036 130-200
wia 30 0.052 330
Tvhuo¥, voTaaum 20 0.048 240
ot 1.5 /i’ 3 0038 2 07 26
| toui,
. iploon 30 0.038 32 0.84 14
| T, .
- W g 30 0043 | 16 0:84 2
1 shwdo 0 222 910 193. 126
Buydind, uile 32 0064
0.144
yu 30 0.035
unnfhiSo, 85% 38 0.067 270
93 0.071
150 0.074
204 0.080
oy, 10 v’ 32 0040 | 160
flovam | 150 0.067 64
260 0.087
difou 23 0.059
gan usflnsa 32 0.024 140
flsTvin 32 0.033
iithym o) 3 0.059 :




MINA-2  uammmstasueenueaitg
™ 7. |danmsdovoon, o
Tanzencaonlsihn
agtiflon:
Highly polished plote, 98.3% pure 01070 0.039-0.057
whrwinSonxivd 212 0.09
Hepwily caddized 299-040 020031
Al-sutfaced roofing 100 a6
rounflos
Bighly polished
73.2%Cu, 26.7% 22 476674 0.028-0.03)
62.4% Cu, 36.5% Za, 0.4% P, O3% Al 8410 0.023-0037
52.9% Cu, 17.0% Za 520 0030
- Hard-roled, polished, bus direction of poliching visible ) 0008
whafovilm 120660 o
Trinflon (glwcsmnliad mAunknnd 16-Cr) gnifinific 300-2000 0.08:0.36
nouM
Pt 202 0023
M R
whatw, Harwdono, unmgiorruanrerdusonted n o1
wou, Vigel, Safbara . Mo | 0018005
lingdin, gninshs m 0.008
mlin, Maddhs $00-1890- 034038
tnlirwle, sewly turmed n 04
wraed snd Bested 1620-1800 060020
Mid szeed 4501950 02002
froontlng: s ost
Iran plase, plckled, the rusted red 22 03
wlin, 2wl 1700-2040 037093
Rough ingst {som % Q80
whunnEnlnm, SHhoenteimomn
wth:
‘bhihnrvseendiad, 99.96% 1l 240440 | 00520078
conflaitin 7S 028
sanfilnd, 300°% 350 08
annfisSon, unilTunsonted 530-1520 055020
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