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# # 4474148025: MAJOR ARCHITECTURE

KEY WORD: EARTH TUBE / UNDERGROUND /
TANARACH LIMPAKUPTATHAWORN : THE EFFECTIVENESS OF EARTH TUBE
TECHNIQE IN RESIDENTIAL DESIGN IN HOT AND HUMID CLIMATE: A CASE
STUDY OF A HOUSE IN CHAIYAPHUM PROVINCE. THESIS ADVISOR :
Asst.PROF.THANIT CHINDAVANICH , 109 pp. ISBN 974-17-0886-6.

In an area where the temperatures have a high degree of fluctuation during the day while the temperature at 1.10 meters
below the land surface averages between 28-29 degrees Celsius, the air temperature will cause a structure’s
temperature to lower to the average air temperature. This is after air and soil temperatures are both transferred to the
building and a balance, or average, is achieved. Temperatures can also be lowered in the structure to cooler, more
comfortable levels by installing underground pipes. Still, this technique has not yet been employed in Thailand, a country

with a hot and humid, or tropical climate.

This study concentrated on testing the efficiency of underground piping cooling the temperature of a 24 sq. meter room.
6-in diameter PVC piping was buried to a depth of 1.10 meters at lengths of 20 and 30 meters. The project was dived
into 2 systems, an opening system where outside air is brought into the building through the underground piping and
two, a closed system in which air within the building is circulated through the underground piping. The air is circulated
using ventilation fans with adjustable speeds. The tests were conducted at 5 periods, the first 4 had the system
operating continuously with measurements taken after 48 hours. After testing both systems, it was found the 40 length
pipes were the most efficient for cooling down temperatures. Tests results were the analyzed to determine when it was

best to operate the systems. The 5 test period thus had the systems turned on and off.

Results showed that for a 24-sq. meter room the underground pipe cooling system could help reduce interior
temperatures. The 40-meter pipes were most efficient. The closed system could lower room temperature by an average
3-3.5 degrees Celsius between 8.00 a.m. —12.00 midnight. Furthermore, the underground piping does have an
economic value as far as investment. Still, it doesn’t yet achieve a comfortable temperature and produces other

problems yet to be solved, particularly a high level of dampness, or humidity.

Department of Architecture Student's signature..............co
Field of Study Architecture Advisor's signature.............ooiin.

Academic year 2002
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- gaugie nIA (ambient air temperature)
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- @qmugﬁﬁumtmmﬂu (mean radiant temperature)

- mm%uﬁs\lﬁmﬁr(relative humidity)

- A%NEIaN (wind speed)

2, AnlImeanuLAAg

- ARIINITLNINANTUNANIU (metabolism)

-~ RednTiaanld (clo value)

Tnefigutsduaninundemdusoulsfignunsodald (Stein and Reynolds, 1992)
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a

o

adtnseanviUlunIzAuANEn grugiliadtnaestizeshuil ueananag

nouldannisiivdeyagamniauinansudo fj“\ammmmié’mn@mmﬁﬁﬂﬁﬁu
A a 901 1 d‘ 1

m@qmmmmuﬂum(well water) Naga ﬂmq1ﬂ1umu1m@ﬂmeﬂ(Labs Kenneth, 1983)

v

A aa A o 1y o a o =
u'ﬂﬂ@qﬂu’qmﬁ:QN @uL'ﬂ@ﬂﬁ]@‘ﬂﬂﬂﬂ\i‘ﬂqqﬁqi@@qﬂﬂq?uqﬂfﬁMQNLﬁ@ﬂ AADALIURIDINA
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v
o a

! ¥ ¥ 1 !
snuaniinanllilszann 2 - 3°F (IBID) waivisiianaiin1snannaeuaedgumng)ing

PRI

TeEmMermsTUR= 1M “F
25 20 15 10 5 T 5 10 15 20 25

O T R R R R T R Ry

CEFTH 1M FEET

’
=

UAUDA 3 LAMNAUUDNAUNTLALUAINANAN 9 84 LIANALINY (Labs, Kenneth, 1983)

- amplitude ARIQUNNNAU

amplitude(ANUANFNTEUI NN NEIgALRALN LN LRALAABAYTIL) 20990UNH

a u

A UANNANAUST USZALIANANUAZAN thermal diffusivity 289AU 9Tl amplitude 199
QIUNYNAUAZARNAUNDNIZALAINANNNAL(Labs Kenneth, 1983)

¥ dl I . aa d‘ o =2 ] ¥ o d’/
IFaunsiianAn amplitude WNYUNNNARNTEALAITHANFINN) D!

a

12

-x(0.00861/K -
A =Ae™ " e A=A

X S

r 12
)

e r = (0.00861/K

nmuA L A, = amplitude 1@3gnMnRAWNTTAUAMNEN x WA (F)
A, = amplitude mmﬂqmmiﬁuﬁi:ﬁuﬁqﬁu
X = JZAUANAN (W)
K = A1 thermal diffusivity 289AW(MAIT19NR / T14)
e = pasTi (2.71828)
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- steady state
a A A

steady state \ugnunnHaasRunszaUntanian amplitude 3ifiunan 5% 2890

a a a [

amplitude NH9AW ARUUNINITAL steady state AxHANNANUANBFI NA291 steady

q a
%
= 1

state a09AUArTIUBE AUTHATRAULATITALTN 1WA Tntaza N nMNITALINT steady

state mﬂmqm (Kenneth Labs, 1983)

X__ = -[IN(AJA)Vr e r = (0.00861/K)"

num A, = amplitude TesgRMNHAWNTTAUAMNEN X Wa (F)
A, = amplitude mm@mmﬁﬁuﬂ'?:ﬁuﬁqﬁu
X = 9ZAUANNNAN (W)
K = i1 thermal Diffusivity 289A1(A199WR / F1)
e = fAsTl (271828)

Stein uaz Reynold(1992) 5tlszanniszAtiuas steady state Be19ATI97 193RI

£

WA THARIH
AU 14 ¥
AuLng 18 Wm
Auden 22 ¥

- conductive capacity ARIAY

conductive capacity L{11AI square root UBINAATUBY heat capacity 1B9A L
o t:l’d 1

A" conductivity 1841 aRNHAY conductive capacity geaziAnaninlunisazas

ANFaUUTeLT heat sing N7 (Kenneth Labs,1983) nadnlsennsilerasnisian

1
=

. . dl @A o v aa oI d? 1 .
conductive capacity ‘Vlgg\‘mWﬂ%wﬂuuﬂmuﬂmNQW&NWL&Nﬂmmum amplitude 184

k1l

'
ada

BUUNNNNIAAAY
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- thermal diffusivity ADIAU
thermal diffusivity ¥3aA1N1INTzA8ANFRLIBIAUN ANLANFANNTWean i Aw
ANV WLLB9AULAZLEN a9 ME AN TeFunasinluAnazlnafamn
P ! . a a v dl 901 a a 1
conductivity bazA1 specific heat AAIAUANAIE uazitlasanntFunnsrin luauianldag

Pnunanaasin i thermal diffusivity 2esaulnaviallasfipnszanm 0.6 F'/day

- phase constant

TunsAngRsguUgRALNNaWWiLNstamANFew e A uanaInszaL

L1l

1
a

Al (x) Wi 0 Aziiinda nstnemANEaLlNgALAzIFINd M RRa AL s

a

1/8 saLA09TluFaLszaNAL 46 T IHaRIMLA WINANIUANNANA AT WLAaINILLA

ANFRUARIAY 911 NI LA AR RHIARNAEI4ANAIAIN summer solstice

(HudundAndsuansefindgean)ag 46 9 uazluanizinaiulo AMANILAL
fingTRAnA1ga TR 21 Sunnen(winter solstice) i lFgnuniaaAudiAdng

9 U

[ -

¥ingann winter solstice aan'll 46 Sl 4 NHNNAUE) L

|
=

\HaDadTNANIUAINANDITATAZHAANGAHETUN 1 WNI1AN(HIEAIAINAATA

6

AR £ 10 31 ANnJUN 21 §190AN) N199A A NANAUFIZ NI NaNAIIUANNAY

|
a o

a s o o aa Aa o dll o dl aa é{ KR o dl
aingnsiuiuguugiRaan M lilneneniungungiiaAuangaaullauiaium 1

[

ungaN(vizemeuanlililsznnns 35 4u) Seazvinliaonasndnaanudusing Tugtuiw

. ¥ dl dll d%/ o A { Z’/ al
cosine curve 1@ FCHUTIRNNADUAUUUABAIURN phase constant Hueslaginsan

phase constant aziANLlszaN04 34.5 TU

- Time lag URIAU
time lag 1e9awiluszaziaania u‘lmvmmwuﬂwuim‘ummmumﬂmmﬂ@ﬂu
uilaagning AfiFuTnRAY time lag 189A RN AN ARSI UANE U AUATITUTTAL
AMNAN (Kenneth Labs,1983.)1&1@un"aiitawan time lag ¥l

12
)

L = (x/2) (116/K

o v o =3 a a
NUA 9 X = 7AUAIMNANAINNIAL (vﬂm)
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K = thermal diffussivity 2841

¥

Watson (1983) filé lfannnsinasian time lag 15sail

L =05 é65/ﬂa

38 o = A1 thermal diffussivity 189AU

¥

wanannil Givoni (1994) lAl#aNn1sieAAN time lag 135ail
Time lag = L* z
Anvua i L =@ time lag 289AusiaANan 1 Wa deilalasullanuanin

NHOINALRNTHARY (AR1519)

7 = 3ZAUAIMNANAINNIAL

SOIL TYPE
CLIMATE LOAM/CLAY MIXED SANDY
Desert 24 25 26
Arid 22.5 23.5 245
Intermediate 21 22 23
Humid 19.5 20.5 21.5
Wet 18 19 20

11574 1 WAANAI time Lag AIBAINAN 1 Wer 289aUTdas N g lupiainiAuuL
#1749 9 (Givoni, Baruch, 1994)



17

- MEWIANRUUNNUIRIAY

A o a '

Tunisuguuunginashuivein llldlunnseanuuuiiy dndgsnisuaravinuléligns
Tunnsvgung R Iasnee Al
- Stein & Reynolds (1992)

Stein & Reynolds AlauadauAgauniaunsyiusineiagneasald Inenas “waen

a
% v

wanaenlrasgmniau Insgaingnugitnta(well water) Tutignriuudadniiy

a

o Y

1 v
steady state ﬁixﬁurﬁmj Ineigainaingessu(giate steady state) ANIURINNAN

U

=2 o

amplitude LBALRIAUIBIHLN LTI LATRINNIsLszanuAnaengAsTaineile

%

siaanimanugamniAuluggian Taaur amplitude Hniugum)Riedaaeshu fazls

a

v
v @

GOUNYHN nuwftlszannnisaiaau@nsineinAsiigmgiivinle (ssnds

=)
'e)
)
=
—3
=
i)
2]
abe
]
et
o)
=

goMNRLAtLATguUgNH0AL) A1uiulunguuiafi it amplitude 2a9iamnlauAy
a dl 4 sl 1 1 ag N
grun)iiaae L ldqnUszuannIsasIajiduii

¥

- Kenneth Labs (1993) léidlsiannis bdmai

b7 )

Too= T — A 7" COS(0.1726(t-t,-(x/2)(0.00861/K) ))
Auald T = QEUQRNAINEAN X AT UATIOAT t

T = QUAHIRALIRIALAAAITI(F)

A, = amplitude IB9RUUNARIAUNAAATIT('F)

[ =) a a

X = FLAUAINNANANNNIAU (‘vﬂm)

K = thermal diffussivity 189514(A139NAFa5)

t = 19a1( 1 uN31AN =1 ,31 §1271AN = 365)

t, = phase constant (314)

LAZANNTNIIMNADM NIRRT DIAUAIN

- a
Tasy=TmtAJ/[(a-b)r(1.414)]eCOS[1.0173(t-t,-46)-xr] )
nmua i a = FLALTDLLUIBITUAUNABINITUIR U

b = S2ALIDUANTBITUAUNFBIN1TMNG U

1/2
)

r = (0.0086/K



- Givoni Baruch (1994)

o

1 1
Givoni Baruch lé annisinamgoimniaulissil

T,=T —Ae”™ COS{(2/365)[t-t,-(x/2)(365/a)1/2]}

a =2

[ * @mmuﬁmqmﬂ Z LRAT Laziian t

QU HIRALIBIAUAARATIILI(F)

A, = amplitude 2899 UUYHANAURABATST (F)

a = Thermal diffussivity 28951(A13 9N AF5)

t = 1987( 1 uN31AN =1 ,31 §U21AN = 365)
AN W ¥

f = AuNRgUUNRRNATIgA

1 3
wazlaliannnsailanniiend time lag Waz range damping factor 13sail

T, = T+A,* e " * Sin (0.986*N-125-Lz)

_|
[l

Anua 1 QEUNRANAINAN D A3 Uazaan N('C)

1 v

AIUNHIRALTDIAUAAAAYIT('C)

v
'

A, = amplitude 104990 RRIAURRBATINTI(=range
U9 UNA NI AURRDATI/2)("C)

F = range damping factor (AR1374)

z = FLAUANNANAINNIAL (LNFS)

L = time lag/1 M.Depth. (31)

0.986 = anuwruiuly 1 Dsulugiaeesrn(360/365)

N = 4 ; Wuanngul

125 = Suiiflguupifafugegelusentl ; annedains

WL

ANPAUTUN 25 U811 DIAAAIALARDUTINNLANT AL
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TABLE 6-A1. DAMPING FACTOoR (F) FOR DIFFERENT CLIMATES
AND SOIL TYPES

Saoil Type
Clirmraie Loamfclay Inrermediare Kandy
[Desert 045 050 055
Arid 040 045 050
Intermediare .35 040 045
Humid 025 0.35 040
Wer .20 0.30 0.35

7115199 2 WAAIA Damping factor UANANTUAFIN 9 TUDNBINIAULILETIN
(Givoni,Baruch,1994.)
dalnAguiamy

a o a a

AINNNFINENUNTIRETRIUNIN UL HeRunNAsnpguarigmuugiainanaui il

RABUAQs

45

40

w
[&)]

w
o

25

2.00
4.00
6.00
8.00
10.00
12.00
14.00
16.00
18.00
20.00
22.00

AFUNUNRINAIUAS

o
o
~
)
b
o
2
=t
2
3
=
)

HUNARINIANRIAUIAINAINLA

'
a aa =

AUUNHAINIANNIABUNTAATUARATD

al

UEUDH 4 bAANISIUTELNE LD UNIANR I NANTIWLIAADN AN Y

1N gWatl AasAuvang, 2537
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1 a dl % (=3 & A c & A = aI/
wiazailn Tedsznaudcuennia Wangy Wetan uazidamumiien nesiall

a

auluaniniunszauanlsenaudasayniadanumiaauInndAuluan N
dl o { a dqj dl o o = d” a | o dla
Nezaugendn Auluanmiuiszauaditlaauiuianwan clay loam Tuanenau
TununszAugandliiianuilunan sandy loam vsaatananalédn Audiie

X A . X 4 X
NENLIULHNDTEALNUNGITY

u

d’l a dl 1 o 1 a a;d % oI a aial
WaANNLANANIY WRAKNRANNATINNT IUNNTIZUNEUA AWNRAIN

ANN90 UN199TLNLTUNLIUNANY WAZANNEANAINTNIUNNITELNEUNEN A

] o dgl a 4 ' v Y | dl o a dgj a A
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] 1 o a 2 a v = o o a
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Areshutuuudoulvaiadraiupedud@niona dimadu &n uaziinialy
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waieilen .
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AU 918l
a = a 4
Auden AU
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annsfifInaaziudngun)iauaAeuineadm uarianuniisaeasaind gyl

a

neuaninelanzdagaaniaudn Azl

h> N
s | nsilasuulasauugilanuan 6 da
BN | nnsulasuuidasguuniiannid

UNUAN 8 uaAINIsiLFaLnguMsilagunlasauugNaunLNIsIUAguLLIAY
AUUANBINIA

5 NITENENANNSAY

5.1 N1FONELNATINSBULLDINY

1%

ANNANNID WN9TNENANNELABITRRTIN wananas lAFLEVENaaINanIWIIA
o & [ o

AENNNEULNUAY f9TuegTuAnIANTRA1) 2RuARzTRgAaE

1
wa

AUANTTANNaNEnARan1sanamANEaw laLn

s
[ %

1~ Anduilsz@nannsniamaanuian (thermal conductivity — K)

| o

ANNNTHIARINER Y (thermal conductance ~ C)

1 % % .
ANNITATNUNIUAINTAU (thermal resistance — R value)

s
o

ANdNsEANTN10NEmMAINNERL (coefficient of transmission — U value)

S A \V)
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1 AduUsEANEN1saNEAINSaU (Thermal conductivity — K)

AR ANATNITD lNNsEnanAtNTeulaenisin A Feulesing ln) vive
=
i

' 9 '
A A o

YsunnumnnuFaunialfianiozasi Nonameng 1 wdsanunaesdngnianumun

1 91dae 1 1 wdaeaan InedANUANFANN28Ig UM RNHITAATI 2 Au 1 Wilae
AvdoenduBtu.-in/hrfte.°F.) wariviiag SI Aa (W/m’.K) (Benjamin Stain and
Reynolds, 1992)

2 A1IN15UIANN5AY (Thermal conductance — C)

-
o

B AMNNIHIAYINTaNL03IRY LA WEedRndaussndneAdnLlazAnanistne

wnANNFoUEITAg taT fleANIILeIRgTTadan NNAMNILIAINNIATFIY

Q

TuNud 1 vdosr Avsdagndli (Btushr. it.°F.) wazivdag SI Aa (W/m’.K) (Benjamin
¥ o % N X
Stain and Reynolds, 1992) mmumimmfaiﬂu
€ = K
ax
ANUUA 1
C e AINNUNAINTaLTIRNT R TRAR
X Ao ANMUNTBITRGVTETAN

3 ANMISAIUNIUAAINSAY (Thermal resistance — R value)
1 1 dl =S a a [~ o % [ % [~1
duadnuansnedsgananmlunisduanauiuaaniauzesing LAzl

AIUNAUIAIAINNIUIANINTDU  UNILDY ANUIUTA THIAN M LNUA NG U ONel

o

1 o dl dgj dl [l dl = Qd‘n ?:/ ¥
mmummuuwmqmquuﬂuwum 1 UuQel PHANBUNANNHIVADINABINU

q

= '

wANFANadY 1 widoe Ausae Ae (hr. fEOF. /Btu) wazfyiides SI Ae (m°.K
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4  AdNUsEANEN1ITaNINAINNSaY (Co-efficient of transmission U value)
Ae nsAwInmnBuNuANFeuidngfenans sitaaanaindianans
d‘ 1 a EY 1 o = 1 [~
Lu‘ﬂdmﬂm’mLLﬁlﬂ[ﬁlWx‘l“ﬂ@ﬂﬂMﬂQN I@ﬂngﬂj U value Lﬂu‘ﬁ@ﬂ NMuQHLﬂu

Btu./hr.ft’. (Watson, FAIA, uaz Kenneth Labs, 1983) tneiiigmsfsil

AR TT

>R P4 HATINANIIAILNIBA N T U A VTaIABNaANg
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1 %3 !
grun)anadlunainaiedu warainianiwdiedgungigeaulunainaishu gumn i

anaguazii TR S uILAuNsaudNUS (regression) WiamANANTUSALAIWL SR
o/ é’
i

K grUngRenA gungian Avxianluwie uazauingesvie liann1afs

0S = ANNuANANIZUINgURReNIATLgUNRRAL ('C)
A = WulidavieliaaniAduds (A13096)

= auBanluvie (Wasewh)

HE = @muu)Nnanas (BTU/Mr)

5.3 @nMUMWIRILENIMANINSAUANEINANHIUSELLIa lARY
Tnedsnavio 1t anfewdngiaenmsldvananunig Tidrazidlunisin niswa

LAYNNTHETIR AN AN FA UMD ATUAINANTILUNHRINA U FARINIANINILLEN

! ya ¥ ] % dl 1 ¥ A
wnanvialenw Lm@mmammmmaﬁmmmmmummummm@mmmmmh

Y o

ANTARANNFauIRITE UL LAFNT

Q = 1.08 x CFM x (T,-T)

AL 1

Q < PBinniniiautianaslageius=anvialdau (8TUM)

CFM = &msn13uaresaInia (ft7/ min)

T,-T, = A IHUANANIENINgUNNATEuen hazniely (F)

1.08 = ﬂ"]ﬂqﬁ%qiﬁ@ﬁﬂma@ma‘wdwmmum w12898INANY sensible

heat 284871 (BTU min. /i . F Hr)
QeI FNNANFaL NdNAe TUaNA12ANNILLLILLNERNA AXHINYT

Hatluagfun99vLneeINIA AneuynIeldu wazauaugagade 49uauLansng

u

293U RN Euantaznfe luil dranunsain liigunginieuanansinag Leunu
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mmﬁ”‘@u‘ﬁ'Liﬁzg'mm‘lummafﬁ%ﬁ'iqmmmﬁﬂdmmmLu;mrﬁmgmugﬁﬁ@mﬁqﬁmﬁq
Tinnsznsdfueniranas
- N19ATUN cooling load
Givoni (1994) @aulddn “ lunnmaaesaes Princeton Energy Group fiflaq
Trenton ﬁii New Jercy Tmﬂ%ﬁmuﬂmﬁum@uﬁﬂm\i 0.38 Llumg eN1 24.4 Lllm‘ﬁl
SLAUANNAN 1.2 W FasitBannuani 680 mY/Hr Whinan 3 RNl RGN
HQUIAIU- AR UAINIAL) Tmﬂﬁfqmmﬁﬁuﬁ 10°C “mnﬁuﬁwmaﬁu%gmLL@:f‘Smmzﬁ

AQERT Regression LLﬁQﬁﬂﬁié’@;ﬁlﬂumz‘ﬁﬁmm expected cooling patl

expected cooling(kwh) = (0.8*F)+(2.54*D)+(16.1*L)+(28.5*C)+(0.92*HC)

Nue 1 F = BFunnieanIA(aL.u./1u.)
D = ueAusinaevie(ou.)
L = ARNYNVIA(LNAT)
C = A1 conductivity 18951(3R5/M3.4.°C)
HC = heat capacity 2189R%(3RF.71./a1.4.°C)
waz Givoni I8 Wgmnslunisaruanslsz@nsninlunistnamannuFaues earth tube
el
E = (Inlet temp.)-(Outlet temp.)

(Inlet temp.)-(Undisturbed soil temp.)
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No. construction R
1 outside surface (moving air) 0.044
2 | YU unun 0.01 Wmsg 0.007
3 | Bguenuun 0.75 lums 0.124
4 | duaruuuwn 0.01 AT 0.007
5 inside surface (still air) 0.12
total 0.302
PRENIYR
U =3.311
2.2 NTZAN AU 6 NAALNAT
M No. construction R
f outside surface (moving air) | 0.044
2 n3zan lauun 6 HaALNAT 0.0057
3 inside surface (still air) 0.12
- total 0.1697
U=1R

U=5.89



2.3 NILANATIUN 8 NAALLAT

M No. construction R
1 outside surface (moving air) | 0.044
2 NZANATIVIUN 8 NARLNAT 0.0075
3 inside surface (still air) 0.12
- total 0.171
U=1/R
U=5.84
3. Mﬁammuﬁm@@u@' wazted998 A wazeheldu 9 Hadiuns
No. construction R
\ 1 outside surface (moving air) 0.055
2 muﬁfam@u@j 0.014
3 TAIINNANA 0.83
4 | Hndddu 0.063
5 inside surface (still air) 0.148
total 1.11
U=1/R
U=0.9
aqUeamanTRan Aldnesiefemanes
No. Wall type R U-value ﬁu‘ﬁl
(W/Sg.m) (Sg.m)
1 ANSHLGE DRI 0.302 | 3.311 24.34
2 nzanlanin 6 NaaLNms 0.1697 | 5.89 2.4
3 NIZANATIVIUN 8 NARINAT 0.171 5.84 26.74
4 niapNIITIag 1.11 0.9 24
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nideiaslAaenldvainad Nlauan 120 WA40 wmg) aiunnsiganiiag
Uss@nsnavesszuuvie WaumNngEaInsaLszma uazane1ai 30 imnsiay
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Reynolds #aid

EARTH TUBE COOLING , BTU / Hr

2000 4000 6000 8000

-
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\on =
N\ N\ A6°UD

)

(2
=

w TUBE

LENGH

12

TUBE DIAMETER ( Inch)

(feet)

60 \o 100

AN

M 3-5 wanslFauiiaupuantinaasnnusinsalunisinanuiiivaawialanu

16

17;34’1 : Stein, Reynold and McGuinness. P. 223

ANANTELNUURIIUIAYIE 6, 8 WAL 12 Tia NANENIT 30 LA 40 LHATATWL

1
= v o

Mluwsazanan(diameter) asiianugnunsn lumeinaadudisnaiudsdl
AYAENIT 30 LWAT WAviaTl 6 1 arsnsosinAnaduld 550 BTUMr
ANILIENAT 40/ 133 TNAYIRN 6 i @rmnsoyinenElE 7000 BTUMr
ANENIT 30 AT TNAYIET 8 12 A1anstinAnaiiuld 000 BTUMr
ANNENAT 40 1P WNAYIETN 8 i anunsnvinAadlE 1,100 BTU/MHr
ANENAT 30 1R AUNAYIET 12 T anunsnvinAaaLlE 1,400 BTU/H

ANNEININ 40 LUAT WNAYIAN 12 T a1xaniAnNsiule 1,800 BTU/Mr
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andeyasenannazminlddiatsiansounaan ANNEUAZIUIAYIEN 40 LNAS
AUAVIaN 12 69 INTIZa1NNTNIANNLERTA DY 1,800 BTU/Hr
e luANNTIUATY $IANTANYIAANNTIANAANA IIUIA12 Tl H91ANNINNTYIaTUIA
8 T4 2 WNIAZIIAIYIAIUIA 8 HIHFIALNGATN IR 6 10 D4 2 W1 IHameus
¥ ¥ = , A - o < o Vo
ANANALANANARENTIENHIUA 6 T TINANAINITD WNNIIIANITUAININYIE
AUA 8 19 WNeN 400 BTU/Hr
- gszuuvialamnu(close loop & open loop)
m:mmm@‘uﬂixam%mm@wi@iﬁﬁuiumiﬁqm’mLﬁuié’LLﬂq@@nLﬂm:uuﬂ@m 2
o/ é/
FLULIAIH
1. szuuiln(open loop system)
5211 Open loop A8 N91IBINIAANNALUBNDIAITNINIANNLETUGE sruLviald

Au nauindingenans srULmMEZaNI LA TNNANNFEINIT ventilation rate 49

NI 3-6 UARINIFLEII1UUBITEUL open loop

2. szuulm(close loop system)

37U close loop AaNT9HA@IaNIANTE laA1sTinaslgnmn AN

Q a

a 1 1 va dl o o a ?/ = A a
gramnineuenunEszuLvie WRwwetinaulldenasanaimilaieang g
neluies srunidnagldfunsdinecnianiesuanfanuguussnnn vizeuenasns

ventilation rate AN

NN 3-7 WAAIN15 149U TBITEUL close loop
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mmmﬁlummaﬂLﬂﬁlﬂu@mmﬁLL@zﬂ?‘mmmmﬂ‘ﬁlmmmuﬁumﬂ%\immm@’@g
a1At AFesNgUnsniliusz A (dimmer)

Tmﬂﬂﬂﬁmﬂuﬁmmﬁumwmmﬁﬂ?mm@ﬂ%@m%\mm 5 A %'qmmgmmm
prmmanzanlunsuanidasuenniAee S uNGUALAL 20 ofm LATATNENNNTD
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A = annual savings
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