I
=
=
=
P
(<4
<4
I

o
(=
F
i
b

<
3
=
=
2
=
5
(=
=2
z
=
<
&
=
z
G
=
w

a

av

e

av




Wasayasmidy Srinsmanenimmsidousiind

236059

miangamgiiluszinnlgniislelasliiinddanieninuien

Usiumas gniisem

a a d&' 1 o a a (Y d'l o v d!
InenunusitauenalaunaIneatwaiua UK
=4 W
YoIMIANHIMUAANgAILIQYaN
AAINITUAAATURIVUNA

ﬁ"l‘lﬂ%ﬁﬂ%ﬂ’]ﬂiiulﬂgﬂﬁﬂﬁ

VunaInenae
a v = | 1
URMINNaUF v

AUMWUS 2554



msangavgiluszuuilgniivlslasliiinddraneninmden

Uswens gniszm

a a a‘dy Yo a wvaq Y v o 1 2 =
’W\UTL!“IN‘L!ﬁu]’lﬂi‘Uﬂ'li‘W‘iﬂiiuWﬂ‘lgiJﬂnl‘Huﬂlﬂuﬂﬁuﬁu\‘wﬂﬂﬂﬁﬁﬂ‘ﬂ'}

: aunangasUsyanImnssumansumudia

MUIFIAINTIUATBIND

ABIZNTTUMTAOLINGITNUT

............. ’§ [N | £ 173 4 N VA b 2 VAR b

a J¢
f. a3. 1szAYg oAy

RO Fol |4 ANTTUNIT

MR AT, WONT anazIIdeeziie

)

............................................... NITUNIT

A3, 0t nwilszaAyg

s (=R a a o
219159NUTNEIINGIUNUT

MR AT, WENT anavIadeesii

24 QUATWUT 2554

= = Qn‘ = 9 1
©amammmnmmmam%ﬂm



ananssudszmea

= A /o & ' o ¢ .
Inoninusiduseaslddrennungannn geemansinsd as. wans anaye-
[ @ St (R a a s & Y Y o o o = 1
dvagiiy 019130NUTnp1Imetdwus Fenganldanug duuzi wazdilSavediuele
(| Q’/’ o a a 43 A = a a o
Talunn 9 Yuasuvesmsinliganinusnilusesmisnaass ms@ouliyaiinug
T o a a J ¥ (] d
aaeasumaud lvilymias 9 swihldamodnusdaSvauyssigaely18de@
o a J T 4 av d
YONINWVOUNITA FNTAI19158 A3, YszAng meana Aremans1nsd as. 3ian
' a @ a { o a a 3 o o
aaeanily uazas. avie inwilsyavy AngansuilunssumsaeuinniinusuazIdd i
b 9
Y 1 Yo o [ =1
Tumsudluilgmiaie g geaiwensiwveunsygauiuetisgamn s Tomail
A o 1 a Y v ad
vovounn Amilszan dussna ganims Jaylylvy galann Fuadi guoaiil aw

@ L4 = =

Wil ool Trogney queizydl 515198 Aadseyy dunziusl auinIng fuee qo

4 a o o \ o
Yswes UTin ganssaln dueealas aulseiaas uasllu qoufivedu newdy uay
Y Y a o a a A q v ll A o oV
Rminlszsinadndmnssunienain lianusiomionaoniuf uzigeg 9
a o ' a J
YouoURM Weedduneadluisunarsruuanuion augiAinsIumans
a v A T &2 g = v o a a 8 o < ' yy A
wmIneaogeslvl satluaaunlumsiaiiinetdnussuduisgalelyl1dded
a o = d o w 1 dq v @ Y =
vovaund UTHN wdn lalasvhsy $1da souyy Aldasaivayuludiuaniun
¢ A A A o o q ¥ o & ' sy v vy
gilnsal n3eaile Neafumanagevawi iinsnareudusagaramuin ldmandeli
a o a o w { o o 1
wovouRm UTHN Wigse (Uszmalne) Sida Aldmsmivayuludugilnsel (e
{ o =] ' { [
anudou) nlFlumsnaaevauilimsnadeudissgarsawildmandald
aw t% a a J
YoUBUAN U TREMAG NuIdsumiingia awiinemaasuazmalulad aeld

TasamsademdesnuionanngaamnssuszaulsyanIn (@nq. - aad.) snduinau

[l
[y

nosuatiuayumslty fldeivayunuittlussduuniiudaunddai

Yo w

YBNIIVOUNTEAM AMWE ANul uazaseuasd Nasslumasluerlaldquauas

aiuayunNAmnedied Tasmwizms IMmsanynaundiainaoaun

o o

[l t4 '
meigail mnldnaanunnsenseranamlszmsla diavweesieludeunnsos

Y
v

a :/‘ v 1 Aa a (:::l I~ d o v Y 1
gazANURANAIANY tazniInenusiautlulse Tesidwmsudnaulde'ly

U

Usiwms quiiszan



=

4‘ a a d a A a 7Y 1
¥oI509INENUNUS msangungilluszuulgnivy lalas Tdndaene

anuiou
Y A 4 a
T wsdswens gnidsean
gan ArINTsuAMEATUTNRAA (IINTIUATOINA)
Jal a a é 9 1 J o 1 o @
9101583 nuInendinus HIIeManI1138 A3, WENT anas gy
\
o/ |
UNAnge

236053

av dyl ° = a A a JY 3 9
nuATsiljeihmstinynmsaagamgiiluszuulgnivalales llinddaevionnuion
Tasad e lsunsuunuiiansneuiunes ienvinaiitningauvesieanuiou iweldan
a ! ' y o < A A
gamgiiemenouiudssuuhaNuduuuuurszmeveslsuseuluszuulgaialalas
a A 2y o Agu Y o
Tuiind Taetidou lusuduasil T9vienewasvinaduriugudnalsnisuenyuia 0.02858
T o a 4 {
¥ ANNIITINYeseanuieu 15 v, Tdsunsuuuniinssnouiaunessznivuiah
1 o 1 ) & 1 o Al 1
MINzaNveIdMsTMoLaz AL Fedauiiszimenne1eg lugae 0.5 63 1.4 1.
Q' 4 [ . v 1 { ‘:‘ ‘3 [
TauinuAuiia 0.1 wuazdiuaduuiunWeIeglugle 0.1 3 1.0 u. Taoinudiudios 0.1 w.
@ a g a ' o o 4
dadaumaiduiiu 50% vewlSmasdasiseme 1dmsiannilu R134a 1indeuludreun
e o a o P 1 Y o Y
Hlsunsusuuiiaesneuiamesansamvnaiminz auvesvieanudouladsil anw
Y
svadauihszmeailu 0.9 . uazanvedmamimiu 0.6 u. vasmiukimsaiiene
y dy v ' o a ¢  a o 4
anvudeumuynain ldnnldsunsunuvirassneunamesuazaanslussuuilgnialalas
a Jddo T o < C a
Tfind Pdwmdsmdszuuianubunuuureszime @uvenlsusou)uasiuingumgil
2IMA INHANMINARBINUTIIMANKIUTDANS pullgaunglianastszanm 1 89 1.5 09e

wamed neanydouausalsyudandenu i vemon 1dily 1,687.2 kWhrafou uazl

| "W = = 1 a A Y1 Y
ITYTIAMITAUNUNINY 2 “IJ 4 199U olui’f’)uﬂ"l'iﬁﬂQQ&ﬁQiJilﬂﬁ’dﬁﬂ'lﬁ"li‘ﬂ‘]f °lamammsﬂu



236059

o a Jd a 1 1 4 1
HUDIAGNTUTUIADS WAAIINNONDIAIVINAFURIUFUINBUBN 0.006 U. AUYIITINND
' < 1 o 1 '
ANdeN 0.2 u. Tagutiseoniiludauiiszimenue1d 0.1 1. uazdIUAIVLHUANINGT
< ° a q’/‘ { [ Q’II < 4
0.09 4. 19 R134a iluasirnu Tasdadeimadisalgnueslazilgn snndunudeyaiie
= = a A ' o v da 3 " ya :1’ 1 Y
nSeufsuguugivesasermisiysznsdwntsiaaaas i lddadanennuieu 1n
[ F 4 ] [
HAN1sNABDINUIYUYTvesmsoIms iy ludmisiaadsennuiewiedisuiun
nm vya 3 [ 9 [ = % a A o [] d'q u’:’ 1
lildaaamennudonlulazigniderny guugiicisemisisvesdumuanaadsrionny
v = Ao T o A "W Ya 1 9 [ =2 = 1
Souvzilguugimnindwmrai i ldaanennuiouegiszum 0.5 29 0.7 eruaaIFd Mo

Rl v

o 1 [ =} " @
anuSoudupsollszndan Iidhaemou 1Ay 105.84 kWhridou uazlissezAunumiy 7

\

A
DU



Thesis Title Temperature Reduction in Hydroponic Planting
System by Heat Pipe
Author Mr. Paramet Suttiprapa
Degree Master of Engineering (Mechanical Engineering)
Thesis Advisof . Asst. Prof. Dr. Phurt Sakulchangsatjatai
ABSTRACT

236059

The objective of this study to reduce inlet air temperature in hydroponic planting system
by used heat pipe. This paper presents an establishment of a computer model to determine the
optimal size of heat pipe (thermosyphon) for reduce the inlet air temperature in evaporative
cooling system of greenhouse in hydroponic planting system. The condition of a computer model
is the outside diameter of copper tube is 0.02858 m. The total length of heat pipe is 1.5 m. A
computer model will determine the optimal value of evaporator section and condenser section.
The range of evaporator section length is 0.5 — 1.4 m with an increment of 0.1 m and condenser
section length is in range of 0.1 — 1.0 m with an increment of 0.1 m. Filling ratio is 50% of
evaporator section volume. Working fluid is R134a. From the conditions above, the results from a
computer model are as follows: evaporator section length is 0.9 m and condenser section length is
0.6 m which both of length optimize. From the results can be build heat pipe and install in
hydroponic planting system in position at front evaporative cooling system (outside of
Greenhouse) and record air temperature. From the result, it was found that inlet air temperature
was temperature reduce about 1-1.5 degree Celsius when pass heat pipe. While heat pipe was

reduced electric consumption about 1,687.2 kWhr/month and payback period was 2 years and 4



236059

months. In part of nutrient solution temperature reduction, sinter wicked heat pipe was used to
reduce temperature of nutrient. Heat pipe was constructed from copper tube outside diameter
0.006 m. Total length of heat pipe is 0.2 m which consist of evaporator length and condenser
length was 0.11 m and 0.09 m, respectively. R134a was used the working fluid. Then was
installed at inlet nutrient solution in the table and recorded temperature to compare temperature
between table with and without heat pipe. As results, it was found that nutrient solution
temperature at the table was installed heat pipe lower than table without heat pipe about 0.5-0.7
degree Celsiug. While heat pipe was reduced electric consumption about 105.84 kWhr/month and

\
payback period was 7 months.
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