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##4474156025: MAJOR ARCHITECTURE

KEY WORD: INDIRECT EVAPORATIVE COOLING / REDUCE TEMPERATURE / TEST TUBE
NADA SANRAT: AN APPLICATION OF INDIRECT EVAPORATIVE COOLING TO REDUCE ROOM
TEMPERATURE: PROFESSOR SOONTORN BOONYATIKARN, Ph.D.,166 pp. ISBN 974-17-3125-6

Because of the high temperature in Thailand, Energy consumption increases from air-
conditioning. The idea of using indirect evaporative cooling was suggested, by test tube, with
considering benefits of nature using, The main objective of this research is to reduce the air temperature

for residentail buildings.

The methodology of this research consists: 1) Locating the main influential factors of water
evaporation. 2) Establishing an explanatory equation to clarify the relation of the influential factors and
enhance the ability to forecast the temperature within the test tube. 3) Offering the solution to minimize
the energy consumption, from the application of the experiment, for the appropriate actual utilization.
The temperature reduction experiment was conducted in a testing room with the size of 30.6 m’. The
room is equipped with stainless tube, which has six-inch diameter and 2.34 m’ area. Within this room,
the temperature of the air will be reduced by evaporation when flowing through the test tube.

The result of this research showed that during the daytime, from 12.00 a.m. to 3.00 p.m., the
test tube can reduce the indoor temperature equal to 2.5 degree Celsius because, at this period of time,
the temperature is high and the relative humidity is low. These two factors are the factors that encourage
high efficiency of water evaporation. Moreover, wind speed at least 1 m/s and no influence from direct
sun are important factors that enable this phenomenon to happen. The relationship between these
factors can be explained in the predictive formula. The best timing for a water delivery system is
releasing 28 degree Celsius water into the test tube for 30 minutes then stop for an hour can reduce

the same amount of temperature.

An application of indirect evaporative cooling to reduce room temperature depends on
proficient of the evaporation in low relative humidity condition with an existence of all relative factors and
a well-design test tube. The test tube must be designed for the purpose to encourage the inflow air to
heat transfers with the tube surface efficiently and it must not be rusty. Moreover, the test tube’s surface
area is also important. The effectiveness of the test tube will be higher when the area increases. The
larger the surface, the more effectiveness. The best example is the Bio-Solar House, which can reduce
the air temperature more than test tube 4.85 degree Celsius. Its test tube’s surface area equal to 7.54
mz, which is 3.5 times larger than the experimental test tube. In order to apply this idea for use in actual

buildings, the buildings must be “Passive Buildings” .

Department.............. Architecture................. Student’s signature..........coooviiiiiiinn
Field of study............ Architecture................. AQVISOr's Signature.........coovveiviiiiiie,

Academic year........... 2002, i
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Temperature (C)

(F)
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DBT, —DBT
Es= g — %100 %
WBdepressi on

e Es = Saturation efficiency, %
DBTin = dry-bulb temperature of entering air, °F
DBTout = dry-bulb temperature of leaving air, °F

Wbpression = wet-bulb depression for entering air, oF

= ({ dry —bulbtemper ature }-{ wet —bulbtemper ature }) for entering air,°F
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mslaauanngilagliasuanius’

Q=mxcxAT
deq = ﬂ?mmmm%‘@uﬁLﬂﬁlﬂum@ﬂﬂm@ﬁm@ (J 150 cal)
c = ANIANNAANNTRUIBIATUAATED (J/kg.K %38 cal/gm°C)
= WAL8TRY (kg TR gm)
AT = gamgiiniasuudadllzesing (K vie °C)

ANANNAANNTaUTIBNI AR TLANFNTY AsiuRailugnians
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an3 ANAIINAAINN T
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loxin (150°C 7 1 UsseAnA) 1.98*10° 0.472
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U, NIFUUINLULLIAMNTAY (Time Lag)
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FN39% 2.4 WARNAINNIUN AN TR UTRITAg LN THA

) ANV (kg/m’) ANNNTUNANERY (W/m.K)
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3171 2.8 uAAIFIBEINS Heat Exchanger #131: John R. Watt, Evaporative Air
Condition Handbook, 2™ , Chapman & Hall, New York, 1963.
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Indirect Evaporative Cooling for Hot Humid Climate by the “Shower” Cooling

Tower. With S.yajima & S.Nutalaya. ISES Wold Congress. S. Korea, 1997.
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and S.nutalaya: Indirect Evaporative Cooling for Hot Humid Climate by the “Shower”

Cooling Tower. With S.yajima & S.Nutalaya. ISES Wold Congress. S. Korea, 1997.
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F1979% 25 uansAuaNtiRsepesiagmifulans fun: dszgnsdain E.R.G. Eckert

q

and R.M. Drark, Heat and Mass Transfer, 2™ ed., McGraw-Hill Book Company,

New York, 1959.

METAL PROPERTIES AT 20 °C THERMAL CONDUCTIVITY |k W/m°C
p kg/m’ o K a -100°C 0°c 100°c | 200°c | 300°C
Ki/ w/ m’/s | -148°F 32°F 212°F 392°F 572°F
kg."C m.°C *10°
ALUMINUM
PURE 2707 0.896 204 8.418 215 202 215 228 249
AL-Cu 3%-94% 2787 0.883 164 3.676 126 159 182 194
LEAD 11373 0.130 35 2343 36.9 35.1 33.4 315 29.8
IRON
PURE 7897 0.452 73 2.034 87 73 67 62 55
WROUGHT IRON 7849 0.46 59 1.626 59 57 52 48
0.5%C
STEEL
CARBON STEEL 7833 0.465 54 1.474 55 52 48 45
0.5%
CHROME STEEL 7833 0.46 40 1.110 40 38 36 33
5%
CHROME STEEL 7689 0.46 22 0.635 22 22 22 22
20%
COPPER, PURE | 8954 0.3831 386 11234 | 407 386 379 374 369
SILVER, PURE 10525 | 0.2340 407 16.563 | 419 410 415 375 362
TIN,PURE 7304 0.2265 64 3.884 74 65.9 59 57
ZINC,PURE 7144 0.3843 1122 | 4.106 114 112 109 106 100
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ANSILAAINISILASIZUNITDANDLLNALAAIANNANNUETLUINALUTDATE AT A

RUSANNURIANNITUAN N5 LAUENLLLLLIA 30U A30UNA

NANITILATIZU AN AN AT

Model Summary

R] R Square] Adjusted R| Std. Error of the] Change Statistics II
Square Estimate]
Model R Square Change F Change] dfl] df2 Sig. H
1 0.99 0.988 0.988 0.1292 0.002 235.060, 1] 140 Change
0 .000
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
ANOVA
Model Sum of dffMean Square| F Sig.
Squares
Regression 1937.39 4 484.348] 29020.863 .000
Residual 23.365] 1400 0.01669
Totall 1960.757] 1404
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
Coefficients
Unstandardiz Standardized ] Sig.| 95% Confidence
ed Coefficients| Interval for B
Coefficients
Model B| Std. Error Betal Lower Bound] Upper Bound
(Constant) 10.796 .201 .00] .000] 10.221] 11.011]
al -0.16) .005) -.662 .00] .001 .798 .825
r 0.773 .005 -.438 .00] -.039 -.220 -.200
rha| 0.01716) .001 144 .00] .026) -0.39 -.0333

a Dependent Variable: out
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ANSILAAINISILASIZUNITDANDLLNALAAIANNANNUETLUINALUTDATE AT A

RUSANURIANNITUAN NS LAENLLLLLIA 30U iLlm 1 T,

NANIIILAT)

aca aa
AR E ATl

Model Summary

R] R Square] Adjusted R} Std. Error of the] Change Statistics |I
Square Estimate]
Model R Square Change] F Changel dfl] df2] Sig. A
4 0.981 0.962 0.962 495 962] 11754.273 3] 140 Chagg(e)
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
ANOVA
Model Sum of dffMean Square F Sig.
Squares
Regression] 8641.374 3 2880.458] 11754.243 .000
Residual 344.059] 1404 .245)
Totall 8985.433] 1407
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
Coefficients
Unstandardiz Standardized ] Sig.| 95% Confidence
ed Coefficients Interval for B
Coefficients
Model B| Std. Error Betal Lower Bound] Upper Bound
(Constant)] 37896.196] 994.442 38.108] .000 359445.445 39846.948
al 58.324) .329 -.161 177.192] .000 57.697 58.970
r -.177 .010 1.120f -17.470 .00 -.196 -.157
rha2 -9.293 .515 -.163 -18.058] .000 -8.284 -8.284

a Dependent Variable: out
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ANSINLAAINISILATIZINITOANDLLNALAAIANNA NN UETLUINAILLTARTE AT A

wispNTaIaNNITUAN NS LREN kUL e 11N.Tle 19,

NANIT3LATN

as aa
AN EN9ADH

Model Summary

R] R Square] Adjusted R| Std. Error of the] Change Statistics| II
Square Estimate]
Model R Square Change] F Changel dfl] df2] Sig. A
1 .993 .985) .985) .1556 .003 304.733.1 141421 Chaggg
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
ANOVA
Model Sum of dff Mean Square| F Sig.
Squares
Regression] 2328.334 3 779.111] 32058.134 .000
Residual 34.402] 1421 0.02421
Totall 2362.736] 1424
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
Coefficients
Unstandardiz Standardized ] Sig.| 95% Confidence
ed Coefficients Interval for B
Coefficients
Model B| Std. Error Betal Lower Bound] Upper Bound
(Constant) 12.278 194 63.405] .00 11.898 12.658
a. -.131 .003 1.235 -38.234] .00 -.137 -.124]
r .701] .005) -.436 133.539] .00 .691 711
rha2 -0.01637| =172 -172 -17.457] .00, -.018 -.015)

a Dependent Variable: out.
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ANSILAAINISILASIZUNITDANDLLNALAAIANNANNUETLUINALUTDATE AT A

LUTATNUDIRNNISUAN N5 LA bIAUN

NANIIILATITU AR ANNA DA

Model Summary

R] R Square] Adjusted R| Std. Error of the] Change Statistics II
Square Estimate]
Model R Square Change F Change| dfl] df2 Sig. A
1 .960 .922 921 4313 .922 2302.789 3] 586 Chaggg
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
ANOVA
Model Sum of dffMean Square F Sig.
Squares
Regression] 1284.881 3 428.294] 2302.789 .000
Residual 108.990 586 .186
Totall] 1393.870] 589
a Predictors: (Constant), rha2, a, r
b Dependent Variable: out
Coefficients
Unstandardiz Standardized I Sig|95% Confidence
ed Coefficients Interval for B
Coefficients
Model B| Std. Error Betal Lower Bound] Upper Bound
(Constant) -12.167 1.455 -8.362] .00 -15.025 -9.309
al 514 .038 1.170 13.644] .00 440 .588
r .696 .055 .643 12.666] .00 .588 .804
rha2 -0.08743 .006 .878 13.669] .00 .075 .100

a Dependent Variable: out
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