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The Study of Distribution and Variation of Temperature

in Earthen Ponds

Narit Klompong’, Nikom Onsri?, Jantra Uieng' and Aneak Sawain®

Abstract

The main aim of this research is to study of distribution and the variation
of temperature in earthen pond for aquaculture of 2,768 m? in saline water with a
depth of about 1.5 m. The pond temperatures were measured in the center of pond
for each 0.3-meter depth. Furthermore, the climatic factors which were effect to

temperature variation of the earthen pond were studied. The results from this study

showed that pond temperature was in the range of 31.37-43.60 °C. The average water
temperature increases with the depth of the pond while the soil temperature below
the pond was slightly different. In addition, it was found that the pond temperature
varied with the intensity of the solar radiation intensity. So, it was a main factor of heat
transfer mechanism of the pond. The ambient temperature is lower than the pond
temperature; as a result, the pond loosed energy to the atmosphere. The wind speed
changes in the same way as the pond temperature; moreover, it was dependent on
pond temperature. While, relative humidity was inversely proportional to pond

temperature.

Keywords: Water Temperature, Soil Temperature, Earthen Ponds
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SYEAPAUYNINAIUN LARIAININA 1.2

Wy

g[/% Solar ¢ tar Radiation

L ) Radiation J
~ A

Reflection

Radiation

Convection of Convection of

i Radiation (Long Wave)

(Long Wave)

Conduction and Conduction and

Latent
Heat

Convection Convection

- Conduiction: =15

AN 1.2 NSEUIUNNTONUNNAIIUANUSDUVBIUAUTUADUNA1 T LA NANIAY

1.2.1 Ausau
mnufeu (Heat) iundsnusuuuunilsifiamnuannsalunsaelouszning
szuuvdewalay Audunndey Wedlsziugamgiiunnsiaty wazannsadsudundsny
sUsuUBlY Fedurnufeudsinheuientundsnu fe 9a 0)
1) A2119ANTOY
ANYANTOU (Heat capacity, C) Aonnudeudivhlvarsianuniinnds
finsanflguvgfiasuluvienie Tnsanuglinasy
TUsinueaufou AQ untng vinlenmgfivasnguuasuly AT fedudn
gumgiivesTnquuasuly 1 mie MWanudeu C e

AQ
- 1.1
AT 4

dleaugeuseuiivieiliu gasderaiu (/K)
AUYANUTOUTNIE (Specific Heat Capacity, c) Aapusaunvinlians
(ng) wantaheiigumgidsulunieesainaiy A

= AQ (1.2)
MAT

doanugausauTmzvesasivedu yaneflansu-aaiu (UJ/ke-K)
Hufe Wearsuia m Jgaugliiiiuan T, 10u T, wazanuganudeudumzdaini Ay
Soudianslasu Ao



Q = CAT = mcAT (1.3)

M1519% 1.1 ANUIANTBUTUINLVDIAS TN ITBIALIANUAUUTIIINA

Y

. ANYAUTDUTNIZVDIAT
o (J/kg-K)
avgililey 900
NBIAY 390
Wan 450
e 130
Usan 140
Augou 860
OIAVER 2,500
i 4,186
$19NEUYYE 3,500

2) Arusauusls
ANToULHY (Latent Heat) Aa YSunaainufeuiinlvinguuasuaniuy

'
a

lnggamaiiag
anuSauwlasniy (Specific Latent Heat, L) flarnudaudiviliaans wa
wilwhedsuanuyluaunan 1wy 1 firudu 1 usseanie anudeuiivinldinugs 1
Alansu aaumgil 0 seM LAY ‘ViaaummﬂmaLﬁuﬁmmﬁqmmﬁ 0 asALwaldea Agly
ANUTaU 333 Alaga
Fatiu pndoundss T YeInIITAeNAIYEIY FD L

Le = 333 kl/kg

~ ) v A o v g a ) a a =
WATNAMUAY 1 UTNIF ANUSUNYINbALN 1 Alansy gaund 100 asrwaldyad nanewlu
lodmuaiigamnil 100 ssrneadea aeldnusou 2,256 fAlaga
fratiuauSaundlsTwzvadlunsnanadulovesii As L,

L, = 2,256 kJ/ke
tufio o Q AeauFeuivilians (ag) wa m Wasuaauzvuafe
Q = mL (1.4)

1.2.2 msanglauninusou
A1sanelauAIusauAanIsanelaunasuMintuluss U oI AINLLANAIS
Yaaaun il nnglennilsvesnesiulawiindiseydn ndanuldaunsagnareluunlng



wsegniatglvgamelulduwdauisadeusdle” dulusenitenisianuvesssuunse
NsEUIUNIIMIe azanusaldeuladindnsinisidsuidamdenusinluseuy (AE,) ldd

giiuTunIeanasazdaviiuauwand1 TEnIandsuTINlingssuu (E;) uag

Y =
WaUTIUNBBNNTEUU (Eyy,)

AE,. = E, -E, (1.5)

Sys

msanelounnudeulussuulag fudwindendl 3 naln fedude
1) msiauieu (Conduction)
msthanudeudunsdainuauioulaserdesinailidnsadoud
arufourrdriulussiuluanavesiinaines iwu esduUsznauteshuiiiurends thileg
Tudosmesiufithmnusouls synainsuanidsundsnuseniniulageynaisingas
qth%fhamwé’wﬂﬁmaumﬂﬁﬁwﬁamuﬁ’mdw gnI1N1Ta1emANTaU (g) Tnen1sun
Julumungnisiiaiiufeuvesiliies (Furier’s Law of Conduction) Taedfiansanlunsl
wilailgadl
dT

— -kKA— :
q oy (1.6)

Weo kA Ardan1mnisinenuseu (W/mk)
X AB SYYLNINNISAADUNYBIANUSEU (M)
Fewauns (1.6) nlluguvesidndanuseu (o) ladu

qiF -kd—T (1.7)
dx

a a 1% v € 2/ " < 4 & o
Masadmdndanuieu () Wunnwes suwuumluresngnisiiniig
Souvewisesieudu

" 0T ~0T ~0T
e N e AL | R ) (1.8)
oX "oy 0z
W VT fe insihgusaamail (Temperature Gradient)
2) MIWIAUTaU (Convection)
Hunmsdeiuniudeulngendedinarsiiinisindoun dnarsienaniiu
P . & ~ ¥ v v a [ aa a J v & =
Arvadlua (Fluid) duies wilsvedlnadudadiuiivesingnilgungiiunnd1eiufazinis
waniasunasuauiouseninaveadanuing n1snianuseud 2 dnyaghe N1sIAIY
JouLuUdase (Free Convection) AUNISWIANTIULUUTIAU (Force Convection)
aun1sdmsumsnsnMsmanusouniiazidulunungnisdiudivesds
§iu (Newton’s law of cooling) #ail

q = hCA(Ta -TSUI’) (1'9)



Wo  h, fe duuszdnsnisninuiau (W/m?k)
aun1s (9) Weulnilvilugundndainusou (o) wavsasanuiould

T,-T.
P F)) (1.10)
1/h,
fdszansmsmnanufeulnsanistusgiummniian (v) Alvariu anauns
h, =2.8+3v (1.11)

do v Ae Avundian (m/s)

auSiantuiinisudsunlasegnaonluusiardalug udazfu winsidiou

wiazd vieudusiargania uenudleaniaruiendiuegfuiiuiluusazuinndnie
3) MsureEAM5aU (Radiation)

nsaemanudeuiiliendesnatslunsaemdanubendit nsuisa
Aoy mausfedunainannadsutussdundsnuresdifinaseulussneurasans
waanuvesnIwHSsdgnasesnunlugUaduwsimantidi wu msusfidvesniseniing nsus
Yedvosiulanlumeunansiu wasnsusisdvesingfou Wudu

edeudouiifnlag anwnsoukoonluldieunnitgatuduluaungues
awnnu-Tuandiius (Stefan-Boltzman Law) fstiu¥ngen (Black Body) fidms1n13dneiy
AuFoulnen TR SIEL U

q = cAT* (1.12)

dlo g e sasimsaiewaudeu (W)
G #e AasfianniuTuandsiu (5.669 x10® W/m2<®)
A fo WuitmidndianuSeulweriuld (m?
T fg aaungiivesinge (K)
nsukSeAvesTnguitauntssed
q = ecAT* (1.13)

W € A Aran1mnsuHTIEvesingn
dlodeuaunis (1.13) ndlugUvestdndninudou (Heat Flux, q") leidu

q"=eoT’ (1.14)

o  g” Ae Wandauseu (W/m?)
fratiu N1sueSEANSauaNRIth U naTiaunsdy

q" = eo(T

sur

- (1.15)

lunangnsaldnsinsudSsdanudeuansinleusglunniazainnitee



q"=h (T, -T,) (1.16)

ur
gaunnivearn (K)

T, AB
T, Ao gaumgiivesias (K)
G

h, fio dudsvavsnisunssdanudou (W/m)
Toeil
h,=eo(T, + T, (T2, - T2) (1.17)
waz
T, = 0.0552T,'° (1.18)

a 12

W T, e gamgiuinden ()
1.2.3 Ssdonfind
wEusRuvesUeAuiilaSunntumnandinuaeingnie Sdending
ﬁhﬁ@ﬂawmﬁwﬂqﬁﬂuwéEQWuuaaawﬁméﬁ@ﬁﬂaﬂmﬁﬁﬁmuﬂﬂ AUFNRUSIZUIlaniunag
orfindvilvuTnasdendingilanlasulasuluneliiAnggniseneg vulan saufsiuma
vosveRvuulanfiuiuy avilimdsnuiivenuldsuasulude
1) AanudunusszuIslaniualsaing

laniinnslmasseunisendindiduass leeldnan 1 U lunislaasasu 1 seu
liszarinssznindlanfumsenfindezinsdsunawnaeniiel fssuzisdonand
1.471x10" wmslugasgguun (21 5.0.) wagszazvinanngail 1.521x10'" wmslugisggiou
(21 91.0.) SvoLraRdnaenTad) (Do) tUu 1.496x10" s wnuvaslanviyy 23.45° fuunu
a3630 wardaiafiddydudniadl

Asendfindurssdeanumniiamdluguvesauusitndnlain Tandedsad
6.37x10° Alawns Taassounefingifugiaslneslszazmande 1.49x10° Alawns Sovay
98 veededenfindiinnnsznuussenniAtuneniinanennaudiuddansilalowan
(Ultraviolet: 0.25-0.4 1M ) Fr9anueanduiinueatiule (Visible: 0.4-0.7 um) launszits
franueaauldwnwIodunssn (nfrared: 0.7-3.0 um) dufivdevessideriingazdu
Frsmuemeaudulaun sansililoanlna (Far Ultraviolet) Sadunuan (Gamma Rays) wae
%Eond (X-Rays) SauadasAreeaueliud drsmueneaulduadlng wie susise
1na (Far Infrared) wagnawing (Radio Waves)

arfign (Latitude, §) Aoyuszninaduiianaingagudnanslanluda
funisifiarsandussuiugugaslaefandous -90° fa 90° (:90°< ¢ »90°) fimmilodien
Juuan waghielatianduau



WAALLTY (Declination, O) ﬁamﬁmwdwﬁwLmﬂwaqmqmﬁmémmﬁm
gezivszuugudgns dansening -23.45°-23.45° lpeiiewmilefanduuin deladiandu
auluiu ansadalanaunis

uudTas (Hour Angle, @) Aayuiluguiildvendumisueansorfingann
woTeuiaaiuluneny fusenvienyuan anduaulutisnaneuiesiosuazduun
viaesioy Taoien 15° dewiledalas

WUTaAgAnI9017Ing (Solar Altitude Angle, o) AoyusEnIndT @ iing
fuszuiiuiu aansadnddnnaunis

UUBETUNADING (Solar Azimuth Angle, ¥'s) fig HUTENINNFUITD9EN

o

v o a v a Yo a v a 1 a1 @ a o a1
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syuUufy
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G, =G, {1+ 0.033cos(%ﬂ(cos¢cos§cosw+sin ¢sind) (1.20)

Wo G, fessdefindfnnnsenuluwulsiumdaussennid (W/m?)
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dleSsdofindniaussenmelaniudnandstuussennialanaziiunsdiugn
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H - Ho[a+b(§ﬂ (1.21)
N

We  H As eissdsausieduvuiiusiu (MJ/m?day)
H_ feo ASsdeniindusnusseinidlan (MJ)/m2day)

0

S fe Flusdidiuan (h)

N #o mnusnvesiuads (h)

a, b Ao duUszAnSnsonnesluLdayiud
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=
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N Ao awenvesiuadsseiou (h)
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360n O
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365 180
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o, Ao YuNWeMNdTu (a3en) Tny @, = cos™ (tan¢tan )

ANNEMTEYIURAYTERsULAEAFLUIEEVSNSanaR I TaATUIMLARN

N = %cos‘l(—tan ¢tand) (1.24)

a=0.10+ 0.24(§J
N

(1.25)

b=0.38+ 0.08(2]
N
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1 =rH (1.26)
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9.3) 1A3a9InseasANLUUWMasINlNG (thermopile pyranometer)
LASBIIASIAd N NRgwUUTasIASUSIaNeemesiuaUila
(thermocouple) I1uuEINAidaiukuLaYnsHTUTeNI1 woslulng (thermopile) Tnediueiu
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0:00:00 2.48 90.00 0.02 26.53
1:00:00 2.68 91.36 0.02 26.30
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