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UNANUIY

ON QUASI-PRIME I'-IDEALS IN ORDERED I'-AG-GROUPOIDS
Pairote Yiarayong* and Supanit Jarernsuk

Department of Mathematics, Faculty of Science and Technology, Pibulsongkram Rajabhat University,
Phitsanuloke 65000, Thailand

*Email: pairote0027@hotmail.com

ABSTRACT

The aim of this short note is to introduce the concepts of quasi prime and prime I'-ideals
in ordered I'-AG-groupoids with left identity. These concepts are related to the concepts of prime
and quasi-prime I'-ideals, and play an important role in studying the structure of some ordered
I'-AG-groupoids, so it seems to be interesting to study them.

Keywords: ordered I'-AG-groupoid, left (right) I'-ideal, quasi-prime, prime

INTRODUCTION

Let S be anon empty set. If there exists a mapping S xS — S written as (a,b) by ab
then S is called an Abel-Grassmann’s groupoid (AG-groupoid) if ab € S such that the following

left invertive law holds for all a,b,c € S;
(ayb)ac = (cyb)aa.

Naseeruddin (1970) introduced the notion of Abel-Grassmann’s groupoids. The
fundamentals of this non associative algebraic structure were first discovered by Kazim and
Naseeruddin (1977). An AG-groupoid is a non-associative algebraic structure mid way between
a groupoid and a commutative semigroup. This structure is closely related to a commutative
semigroup because if an AG-groupoid contains a right identity, then it becomes a commutative
monoid (Mushtag & Yousuf, 1978). It is a mid structure between a groupoid and a commutative
semigroup with wide range of applications in the theory of flocks (Naseeruddin, 1970). The Ideals
in AG-groupoids have been discussed in (Mushtaq & Yousuf, 1978) and (Mushtaq & Yousuf,
1988). In 1981 the notion of I'-semigroups was introduced by Sen (Sen & Saha, 1986). Let S and
I" be any non empty sets. If there exists a mapping S xI"'x.S — § written as (a,j/,b) by ayb
then S is called an I'-Abel-Grassmann’s groupoid (I'-AG-groupoid) (Khan et al., 2010) if ayb € S
such that the following I'-left invertive law holds for all a,b,c€ S and y,a €T

(ayb)ac = (cyb)aa.

This structure is also known as left almost semigroup (LA-semigroup). The concept of an
ordered AG-groupoid was first given by Faisal, Naveed Yaqoob and Kostaq Hila in (Faisal & Hila,
2012) which is in fact a generalization of an ordered semigroup. In this paper we characterize the
ordered I'-AG-groupoid. We study prime and quasi-prime I'-ideals in ordered I'-AG-groupoids with
left identity.
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METHODS

In this section we refer to (Faisal & Hila, 2012; Yiarayong, 2014) for some elementary
aspects and quote few definitions and examples which are essential to this study. For more details
we refer to the papers in the references.

Definition 2.1 (Faisal & Hila, 2012) Let S be a nonempty set, - a binary operation on
S and < a relation on S. (S,I,<) is called an ordered I' -AG-groupoid if (S,-) is a I'-AG-
groupoid, (§,<) is a partially ordered set and for all a, b, c € S, a <b implies that ayc < byc

and cya < cyb, where y €.
Definition 2.2. (Yiarayong, 2014) A nonempty subset 4 of an ordered I" -AG-groupoid

S is called a I' -AG-subgroupoid of S if AT'4 < A.
Let (S,I',<) be an ordered I'-AG-groupoid. For 4 S,, let (A] :{x eS:x<a for some

ae A}. The following lemma are similar to the case of ordered 1" -AG-groupoids.
Lemma 2.3 (Yiarayong, 2014) Let (S,I,<) be an ordered I -AG-groupoid with left
identity and A4, B subsets of S. The following statements hold:

(1) If A< B, then (4] < (B].
(2) (A]T(B] < (4rB].

(3) ((A4]r(B]] < (4rB].
4) Ac(4].

) ((4]]=(4].

Proof. We leave the straightforward proof to the reader.

Definition 2.4 (Faisal & Hila, 2012) A nonempty subset A of an ordered I"-AG-groupoid
S is called a left I -ideal of Sif (A]< 4 and STA4< A and is called a right I" -ideal of S if
(A]< 4 and A'S < A. A nonempty subset A of S is called a ["-ideal of S if A is both left
and right I -ideal of S.

Lemma 2.5 (Yiarayong, 2014) Let (S,I,<) be an ordered I'-AG-groupoid with left

identity. Then every right I" -ideal of S is a left I" -ideal of S.
Proof. We leave the straightforward proof to the reader.

Lemma 2.6 (Yiarayong, 2014) Let (S,I,<) be an ordered I' -AG-groupoid with left
identity and 4 < S. Then SF(SFA) = STA and SF(SFA]Q(SFA].
Proof. We leave the straightforward proof to the reader.

Lemma 2.7 (Yiarayong, 2014) If (§,I',<) is an ordered I" -AG-groupoid with left identity

andlet a € S, then (SFa] aleft I" -ideal of S.
Proof. We leave the straightforward proof to the reader.
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Lemma 2.8. (Yiarayong, 2014) Let (S,I',<) be an ordered I" -AG-groupoid with left
identity and a € S. Then <a >= (SFa].
Proof. We leave the straightforward proof to the reader.

Lemma 2.9. (Yiarayong, 2014) If (S,I',<) is an ordered I -AG-groupoid with left
identity and let a € S, then (Sl“az} a I -ideal of S.

Proof. We leave the straightforward proof to the reader.

RESULTS
Let {(Si,Fi, <)iie I} be a nonempty family of ordered I",-AG-groupoids. We consider

the cartesian product HSi. Define a mapping

iel
TIS<IIT<TTS = 11S

iel iel iel iel

Written as ((xi )ie[ > (7/1 )iel > (yi)isl) = (xi )ie[ (71')1'5[ (y, )je] b}
by ()it PDict Vs = (57iYier-

Then HSI. is a HFI. -AG-groupoid. Moreover, HSI. is an ordered Hl"l. -AG-groupoid with
iel iel iel iel
the relation < defined by (x,),.; <(¥,),.; © X, <, y;, for all i € I. We consider the cartesian
product of HF,. -ideals.
iel

Lemma 3.1 Let {(Si,Fi,Si) RS I} be a nonempty family of ordered I", -AG-groupoids.

If 4 isa I';-ideal of S, for each i € I, then the set HAI. is a Hl“,. -ideal of HSI..

iel iel iel

Proof. Since 4, #J, for all i, we have HAI. # . By Lemma 2.3, we have

iel

14 |-TT00-TT 4

iel iel iel

then  [T4TIT.I1S [14r.s,

iel iel iel iel

- HAi

iel
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and [IsIIv]14 = [15T.4

iel iel iel iel
_—
iel
Therefore HA; is a HF; -ideal of HSI..
iel iel iel

Proposition 3.2. If (S,,I',,<,) is an ordered I',-AG-groupoid with left identity and

21

l, eHSl,then ( i HSFia,} is a left Hl“l. -ideal of HSI..

iel iel iel iel

Proof. Assume that (S;,I",,<,) is an ordered I',-AG-groupoid with left identity. By Lemma 2.3,

i2—i

we have ((a,. ).., uHSiFiai = [((ai ).., uHSl.Fl.aiﬂ. Then

iel il
l;[Szl;[Ff [(al. )., ul;[sir,.ai} c [l_[[ S,-];[Ff ((a,. s u];[S,-Fia,-H
- [[IsTIm ), o TTsIIn sra )|
iel il iel el !
= | TISTa o] ]ST, S,rla,}
iel iel
= [TIsr.au](sT,S,)r Sll",a,)}
il iel
= |[IsTa o] (als)T S,F,S,)}
il iel
= | TIsTa o] ](al,s,)T }
iel iel
= | TISTa o [(ST.S)r }
il iel
- HSiFia[uHSiF[ai}
il iel
e
i<l

IN

((a,. ).., uHSiria,}.

iel



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.12 No.1 (January - June 2017)

Therefore [(a,- )ie] UHSiFiai} is a left HFi -ideal of HSi.

iel iel iel

Proposition 3.3. If (S,,I',,<,) is an ordered I',-AG-groupoid with left identity and

20

(a,)_, €] ]S, then [(Ha , ] (Hsiriaiﬂ isa [ [T, -idealof [ [S..

iel iel iel iel iel

Proof. Assume that (S;,I";,<,) is an ordered I',-AG-groupoid with left identity. By Lemma 2.3,

we have ([Ha | j (Hsraﬂ:[(ma | j (HSFajH Then

(Hal ; ,]Hr [1sv
iel iel iel

[(Ha , j [l;[SIia,-ﬂl;[Fil;[SiE [HsiriafjHFfHS"

iel iel iel

[1(al,S)T.S, v
U
: [T(sT.a,)r.s,
el
[T(ST.S)Ta, |v
U
- T1(ST.a)r, (SlF,S,)j
el
= || TIST.a |o| TT(ST.S,)r (alF,S,)ﬂ
iel el
= || TS |9 []ST.(al.S) j
iel iel -
= || T8 (9| [Tal,(ST.S) j
il el -
= || [IsT.a |v| []arT, j
il el
= || [Tars |v Hsraj_.

iel iel
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Therefore [(Ha, ; ,] (Hsiriaiﬂ is a right HF,» -ideal of HS[. By Lemma 2.5, we

iel iel iel iel

have ((Ha , ] (HSI%H isa [ [T, -ideal of [ ]S,

iel iel iel iel

Lemma 3.4. If (S,I',,<)) is an ordered I',-AG-groupoid with left identity and

(a,)._, EHSZ, then ( (Hal . lj (HS[Fiaiﬂ is a HF,. -ideal of HS,».

iel iel iel iel iel

Proof. Assume that (S;,I";,<,) is an ordered I',-AG-groupoid with left identity. By Lemma 2.3,

(2 (Toris {0 Jers (T

iel iel iel iel iel
I |Fi| IS[ c

(@), (@), TS o[ Tars T s -
% [HsiriainF[HS,-

iel iel iel

el ]
[1ar, j [H alFiSi)l"l.Siju
AN el
_ [1(8T.a)T I.S,.J
el ]
Hal”j [ (ST.S)T, ju_
AN el
_ [1(8T.a)T (SlF,S,)J
el ]
Tar, j [HSiFiaiju
U el
_ [T(sT.s)r (a,r,S,)j

iel
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= [[T]aLsS [Y|[[ST.a |9 []ST:(al,S) j
iel iel iel -
= Hal P % HSiFiai Y Ha S’F’S’ j_
iel iel iel -
= || [Tar.s, |o| []STa || []aT, lﬂ
iel iel iel
= Hal D, |\ HSiFiai j|
iel iel

< (0. {mers){1ses ]

Therefore [ (Hal ; lj (HS[Fl.aiﬂ is a right HFI. -ideal of HS[. By

iel iel iel iel

Proposition 3.3, we have ( (H al’, lj (HSiFiaiﬂ is a Hri -ideal of HSZ..

iel iel iel iel

CONCLUSIONS AND DISCUSSIONS

We consider the product of prime HFI. -ideals in ordered HFi -AG-groupoids.

iel iel

Definition 4.1. Let HSl. be an ordered Hl"i -AG-groupoid. A HFi -ideal

iel iel iel
HB of HSI. is called prime if for every Hl"l. -ideals HA,HBi of HSI. such that
iel iel iel iel iel iel
[TATITIIB <12, wehave [[4 <[P, or [[B <[]~
iel iel iel iel iel iel iel iel
Definition 4.2. Let HSI. be an ordered HFZ. -AG-groupoid. A left HFI. -ideal HB
iel iel iel iel

of HSi is called quasi-prime if for every left Hl“l. -ideals HAl.,HBi of HS,. such that

iel iel iel iel iel
HAiHFZ.HBi c HR, we have HAi c HR, or HBi QHPI
iel iel iel iel iel iel iel iel

Remark It is easy to see that every quasi-HFi -prime ideal is Hl"i -prime.

iel iel
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Theorem 4.3. Let (S,,I',,<,) be an ordered I',-AG-groupoid with left identity

and let P, be a I',-ideal of Si. Then a [ [T - ideal [[F of [ ]S, is quasi-prime if and

iel iel iel

only if H( (ST.5,) )QHR implies that (a[)ideHPi or (b,.)l,deHPi, where

iel iel iel iel

(l iel ? le[ GHS

iel

Proof. = Assume that (S;,I",,<,) is an ordered I',-AG-groupoid with left identity. Then

(a)._, (7). ()., (Hsriaij[nrij(nsiribijz [H(Sil“iai)l“ (Sll"lb,)j

iel iel iel iel

- [M(sreyrars)

iel

- ((srara)rsrs)

iel

= | TI(ST.8)T,(al, (ST 5, ))J

iel

- (Tsr(ar (1)

iel

- (10811 | e s

iel iel iel

U8 hhg
c []~

iel

By Lemma 2.8, we have EHP or EHP

iel iel

< We leave the straightforward proof to the reader.

Lemma 4.4 Let (S,,I',,<,) be an ordered I',-AG-groupoid with left identity. Then a

HFi -ideal HR of HE is quasi-prime if and only if (al. )iel (}/l. )lel ld € HP implies

iel iel iel iel

that € HP or HP where € HS

iel iel iel



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.12 No.1 (January - June 2017)

Proof. = Assume that (S, I’ is an ordered I —AG—groupoid with left identity. Then by

hypothesis, (a5, )ie[ =(q, )le, Vi) ( 16[ EHP for any (a, )., > ZGI EHS and
(}/i )iel € HF, Then iel iel
iel
(@ uHs,r,.a,.]
((ai )iel UHSiFiai:|HFi ((bl- )iEI UHSI.FZ.I)I.:| c el

jel =
) L ] iel
- (HSiriainFi( ) Hsrbj
i L | iel
(a )EI H T [H ST b, j U
il \iel
B (H ST.a, jHF jer
iel iel
(H SiriainF,- (H Sfrfbfﬂ
iel o )

(a7 UHaF (STb,) U
{1;[(5,1"[61[ F,b[ull;[ STa,)T ,(S,FLbL)]
[1ST.((ST.a)T,)

[17 TSI arb),, TT(ra)r.(srs)
H(bFa) (Sr8) ]
[12 TSI T2 TT(SES)E (al k) }

{HPI UHSIFI (airibi ) o H(biriai )riSi U]
iel iel iel

H(Strzsl) i (airibi)

iel

N

[HP,. ul[Bv]]ST. (a,rib,,)}
iel iel iel
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[17-11s HFHP}

el

I
)
!

i

By hypothesis, [(a,.)iel UHS,-F,-a,] QHB or ((bl. ).., UHS[FI.b,] QHP,- and so that

iel iel iel iel

a le]eHP or eHP

iel iel

N

N

I
w

< We leave the straightforward proof to the reader.

Theorem 4.5. Let (S,,I';,<;) be an ordered I",-AG-groupoid with left identity. Then a

21

HFI. -ideal HB of HSi is prime if and only if (al.z )id (}/ )lel( ) € HP implies that

iel iel iel iel

() eHP or( ) EHP where 6 le] HS

iel iel iel

Proof. We leave the straightforward proof to the reader.

Theorem 4.6. Let (S,,I'.,<,) be an ordered I',-AG-groupoid with left identity and

20

let HB be a HFi -ideal of HS[. Then HFi -ideal HE of HS[. is prime if and

iel iel iel iel iel iel
only if H(afF[(SiFibf)]gHB implies that (af)' eHP or (bz) eHP where
iel iel iel iel

zeI zel = H S

iel

Proof. We leave the straightforward proof to the reader.

Definition 4.7. An ordered HFi -AG-groupoid HSi. is called ordered HFI. -AG-3-

ip s . g iel iel iel
band if its every element satisfies ' ' '

()., (7)., ((ai ) (@), (a )ie[) = ((ai )it (7)), (@), )(O‘i )ier (@), =(a0),., -
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Proposition 4.8. Every left identity in an ordered HFi -AG-3-band is a right identity.
iel
Proof. Let (ei )ie[ be a left identity and let (a,. )ie[ be any element in an ordered HF[ -AG-3-band

iel

S . Then

(@) (7). (@),

(@), (8), (@), (@), (@),) (7). ().,
() (B)s (@), (@), (a),,)) (7)., (@),
a),., (), azEJ(%Ld(%%d

g >,e,

|
- |
o
(

foraII GHS and ;/l) ( )le[( leIeHF Hence( )ie[ is right identity.

iel iel

Lemma 4.9. If an ordered HF[ -AG-band S has a left identity, then every left HFI.

iel iel

-idealisa | [T, -ideal.

iel

Proof. Let HSl. be an ordered HFZ. -AG-3-band, and let HAi be a left HFI. -ideal. Then

iel iel iel iel

(ai )iel (71‘ )ie[ (Si )ie[ = (((ai )ie[ (ai )iel (ai )ie[ )(ﬁz )ie[ ( )1EI )(7/1 )15] ( ),e/
= ((Si )iel (ﬂi)iel (ai )ie] )(7i )ie[ ((ai )ie[ (ai )ie[ (ai )[e[)
E(Hﬁﬂﬂﬂ%ﬁTﬂﬁlﬂiﬂH4]

iel iel iel iel iel iel iel

= [TT4]Ir 14

iel iel iel

c []4

iel

forall (7,)_,-(a)._, le[eHFl, a;)_ €[4 and ( ).y €] IS Hence [ [ 4 is a

iel’ iel iel iel
| I I'; -ideal.

iel
Theorem 4.10. Let HSl. be an ordered HF,. -AG-3-band with left identity. Then
iel iel
HP,- is a quasi-prime Hri -ideal in HSI- if and only if HB is a prime Hl“l. -ideal in
iel iel iel iel iel
I1s.
iel

Proof. We leave the straightforward proof to the reader.
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ABSTRACT

The aim of this study was to investigate the optimum initial pH on biohydrogen production
from pineapple peel by microbial consortium in cow dung. The experiments by adding cow dung
inoculum, supplement medium into homogenized pineapple peel and adjusted to pH 4.5, 5.0, 5.5,
6.0, 6.5, 7.0, 7.5 and 8.0. The samples were then incubated at room temperature (30-35°C) under
anaerobic condition for 168 h. The result showed that the initial pH effected hydrogen production.
The optimum initial pH to produce hydrogen from pineapple peel was 5.5 which gave maximum
hydrogen yield of 2.60+0.01 mol H,/mol sugar. During the hydrogen fermentation, microbials in
cow dung fermented sugar about 96-98% and created volatile fatty acid in fermentation broth
leading to an decrease of pH. The activity of hydrogen producer fell to produce hydrogen.

Keywords: hydrogen, initial pH, pineapple peel, cow dung

uniin

Tutagdumsnunissanlalasauidslésumuauladuegnann iesanlelnsiau
Hundsruarern Waiansunindasdaiduiuarlelasau uasddlindanuiias 33.3-39.4
KWhikg BiotlSeuifiouiunaasudu (Edwards etal., 2008) lelasaulundsnumadendiannsa
Tinaunmmdsnuidomdmoadaldfaunsonanldnannmanes leud nsvuiunsnaninglelnsiay
Inel¥anmniias (thermo processes) NszuIuNsHanilalasaulaglylniiiad (electrochemical
processes) waznsruIunIsHannwlalasiaulagIdn1edinin (biological processes) Wudy
nszuunslunssaslalasaulneimmeinmuuulalduas (dark fermentation) LAATLIAEAS
doyameansdunidmeldaninyliemalasnsvinnuresgaunidalildennia deagiliaa
nsnduvsduarlelnsiautiufsaunis (Ghimire et al., 2015)

C.H,,0, + 2H,0 —> 2CH,COOH + 2CO, + 4H,

6" 1276

mswanfelslasiaulagismedanmuuuldlduaaduisnswdaiuiaulaidesain
Wunszurumsiitdeivaneusnslaun Bmswanlddudeu Waunulunsades ssuunsmin
fesan1smUAs wavansnldasieuliviainiats (Ramos etal., 2012; La Licata etal., 2011;
Fangkum & Reungsang, 2011)

yauduumdweaunidnguaauiiannsananlelnsiauldlag Fan etal. (2003) Wi
yatfiiunisUiuanwdisaufeuautsadsuindeiidarsunidlnduielelnaould
uaNNT Girija et al. (2013) Sswutiiadunidnas Clostridium sp. TuyatsyaunIsnauiidai

aunsatunisuaninglalasaula (Girja et al., 2013)
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Waendulzsaduguivaeainnissulssmuioduizse Tnewuindldwiduy
FuuvsnmaeiaUseanasenay 35 vemadulzsn (Sit Roha et al., 2012) SawAdonavai
wdivinaniiunntunnUasomelutafoumsuiigusuesfeunnedmeuiansau
(Phojan, 2015) Lﬂﬁaﬂé’wzimﬁmaqL‘S&JmﬁaﬁﬂﬁﬁﬁwmaLLazL%agiaal,ﬁuaﬂﬁﬂizﬂawé’ﬂ R
annsatunldi@uansiedulunsnanlelaswuldie nsuaalalasaulagiinmsmedanmiiade
fifnasenisnaniidfyesmilsie manudunsniissudu Je pH Euduiivanzanlunisg
wanlelasauazuanssiunuriavesqduniduazansmetuililunsudalelasiay esanan
pH Buduiinasiofanssuveseuluilalasiiuauagiinisuanlolasiaulaggdunis (Ramos etal.,
2012) 3evhlnsnanlslasoudien pH Buduiisetuiinaldveslelnsoudianeiu annsine
¥4 Saraphirom & Reungsang (2010) 51891U3A7 pH BSudufimanzaslunisudnlslasauan
5’1%"13‘1/'4Nm’mimaﬁﬁuﬁﬂuiwu Upflow Anaerobic Sludge Blanket (UASB) infiu 4.75 19ina
lovesinglalasiauwindu 2.22 mol H,/mol sugar d@1un15Anw1ue4 Lee et al. (2002) WUT1A1 pH
1’7immzaﬂumimﬁmiaimLaumﬂfwmaﬁimawhﬁu 9.0 La¥41UIIBB Fangkum & Reungsang
(2011) WU A1 pH L?uéfuﬁmmzaﬂumimamiaimLﬁ]umﬂiaimlaLﬂmﬂué’adﬂmﬁjmﬁuw‘%ﬂu
yathawiiv 6.5 Winalavesinglalasiauwiniu 0.84 mol H,/mol sugar 3MNKANITNARBIVEIY
otnunuanddiiuldin f1 pH Suduivenzaslunisuanlalasauanansssiunsazyded

a v A

AULANG1IATY AetuITeliddianuaulanaz@nean pH Awanzausoniskanislalasiau

a

A U ' =) [ = Y v A & [
’°D'1ﬂL‘Ua@ﬂﬁU‘U%i@IﬂSﬂﬁjmﬂau%ié‘lu%a?’l ‘(N‘L!’e)ﬂ"\]’]ﬂ‘USVL@WENQTL!VLﬁI@iL‘DUVILUUW@N’WU?IS@']@

q

a oAl

udnfeneanlamainvezdunidnunandulssaladnnanileniy

A5n1s

v 1Y
Ay aAau a v

N5l dngaunlelunuidensmieningiu nMamseningAuau NSTEUe

q

QUV3S Mawdsue Wity nMmaasudiondniulelasaunaynsiaseidoyadelul
- Yagauililuauide
1) JAun3§91nyada (cow dung microbial) ymsiiuyaianiuasil 58 il 6
frusiane sunawles Sainanyd Tasvhnmafulurenifieriurienasaifiea

s

2) Wasndulzsanusassnan iAvu1andurisnalilunainuuiles snetilo

3

(v (v a ¥ ) o (v 1 ¥ ¥ = = di ) Y @
Jandeanys waathuviinisaakenediuluiaziiueenbimvdeanigideniiioinlulddy
arsiagulunisuantulelalasiau
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- mawsBainghusadu
mawssnhiudenduizsaituiaiam vilnsuFendudzsadiutudn q udnh
TuilulasiBnlnenaniuinyssulusnaaiu Waendudese 1 kg siewn 2 L vnstiuliasiBen
Tnelfiedostunalsidie Philips itunan 2 min thihthuddendulesaildduudluldidungiu
saglunsndnlulelalnsiou
- mawsuiadegiuvsd
thyafddiqaunidegnarnvaneuiiauninisufuaninlaeniseusnoanufoud
gaungdl 100°C Wunan 25 min edudadeqdunidnquiinandin Wevinsusuanmideuds
Tiinswlsuidedunisliasfuyafaiiunisuiuaninudaduringusuuin 500 mL
(50% viv) Tnedinglaaanududu 10 g/iL Wuwnasnnsueuudniludiuaudunsasadu 5.5
nniwhnsdsduanmliornmduna 24 h rewildiduhdslunmsindiondnlslasiau
(faLUasann Fangkum & Reungsang, 2011)
- ANSATENIINNTEY
wisnesasudmsunisnanlulolalnsiaulneds NH,HCO, 5240 mg, K,HPO,
125 mg, MgCl,*6H,0 15 mg, FeSO,*7H,0 25 mg, CuSO,*5H,0 5 mg, CoCl,*5H,0 0.125 mg, uaz
NaHCO, 5600 mg avangluihndununan g fundusuusinesidu 1 L Endo etal., 1982)
- Bmmeasuilandainglalasiou
i duddondulzaaiituandenulfiduingivdsiulunmindendnlelnsiou
Tnvhnsesgrauduturenihmanmunveshiudonduvssn Wensuaududy
gesthmanmuaudisuiuddendulssalildaudiuduresimiai 10.0 giL Tneviinns
Foasetndu Wukadeanyath Tushsdiu 20% v wasivemaeduludnsdiu 1.5
mUL Tdasluvinnnassauin 60 mL vinnsusu pH gpantudondulssn u 4.5 5055 6.0
6.5 7.0 7.5 uaz 8.0 My IN HCI %38 IN NaOH laemanieluvineanmenisnuielulasiau
dinlund ielviimnegluanzlieendiou Uarhuanaassnegnenudilaseozgiidey
wAU ﬁﬂﬂﬁuﬁqmmﬁﬁaa (30-35 °C) WU 168 h INUNUNITNARBILUUFNANYTA] (completely
randomized design; CRD) ¥ snaaewiaaudas 4 61 Annunanisneass lneinusuins
vosfnaeueiiAndy Tnelivaendasundiinszimanududuvesielalasauiiintude
\A384 gas chromatography (GC) ﬁw%’agaﬁlﬁlﬂﬁwmmmﬂ%mmiaimmuazaﬂmﬂ%aumi mass
balance equation SIBTUNALUNUIY mLL (Zhang & Shen, 2006)
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VH,i = VH,i—1 + CH, (VG,i +V

i G,i-1) + VH(CH,i - CH,i-1)

o A A o o . o ) o o

e v, wag V,,,, Ao Ysumslelasiauagauinaitagdu () washia1iidiun (i-1) audisu
Vg, ke Vy,, Ao USunsimetinimiaseinardagtuuaznatiniuun ansadu
C,, War C,,,, Ao dnanuvasialalnsiaulu headspace a1l tiuiaznaiikman auaey

V,, A9 US11m3 headspace lugansin

$linestvasauiilsunmuanmaalsvesielalaseunsnunalumislualalnsau
soluatmalaeiunlinngasil

fanunisiiansaludusymedny (volatile fatty acid; VFA) A835n15bnse s1eauNa
Tumhefiadn3usedns (DiLallo & Albertson, 1961) AnmuAnudutusimafiiuasuuasiy

o a

P8I NUBaTaNI3n (phenol sulfuric method) WaES18UNATUNLAEASUADARS (Onsoy, 2008)

NAN1SILLAZIATAINE

- Ysumsinglalasuszau

NaYd pH BusuiTireUsinaslelnsinuazanuandlugui 1 Fsazuiuliin Vinasfing
lelasiuarvanazifivtudion pH Suduiivtulute 4.5-55 uasielslnsiuaranazanaile
A" pH Budufindudu 6.0-8.0 :nUsinasielalnsauazausanannuindt pH Gudu 5.5 &
Uinasielelasiauaraugsfignivindy 3597.53+9.53 mL-H /L 589a3"A0A pH 3 5.0 6.0
4.5 6.5 7.0 7.5 way 8.0 HUsumsielalasiauasainny 3139.46+17.89 2296.62+416.49
2020.87+64.60 1222.72+90.38 998.72+45.90 614.11+/28.59 Wag 575.18+49.73 mL-H,/L #14
Al (gﬂﬁ 1) fauen pH Euduinty 5.5 0 pH Smﬁuﬁﬁﬂﬁqﬁw%wﬁmﬁ”wlaiml,ﬁ]uazam
Isigsan mnn pH Busugasenmnifuluagsiliuimasinelslasiauazauiildanas iosn
f pH Budldungausensiauveseulnilalnsfuatadueulsiiddnlunsuanlslnsay
(Nigam, 2000) Fsaenadeiuiu3deves Pattra etal. (2008) fiin sAnwAn pH fimvanzaulunis
nanlolasauanlelaslaa@naussenuinm pH fuunzauie 5.5 Tnsansananinglslasau
ogean
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- Ysunahmauaznsaluiiuszivedng
aadUsznovrenldandulzsniivinatlnga nglaa wazngalnailudiulszney

(Siti Roha et al., 2012) Faqaun3danunsathuinaninanuilfiduasassulunisaninglalasiau
1o Wisuwdendulssalunwieuwdinninszvinuantiidewu wudi IA1 pH Busy Usunm
UIRN1aNmun WazUIuiunIa mIAu 4.20 9.8 g/L 1ag 380 mg/L AINEINU 31NN1TAAAINUTUAL
wmatuhdufendulssanirunisudnivendslalasulaggdunidainyadd wudndsunm
AsEtealUlELI NI UM LAY pH SUAUTAANTY 9171 pH SUAY 4.5-5.5 (96-98%) 1a991N
A1 pH WNTUNINNI 5.5 USaahmaiignldluasasi (98%) (M99l 1) Msanasveuuim
S = ] o a aMYo o 5 o d Y
WnaillewnanluseninansudingduyisdlahumaluihJuudendudssauldlunseuiunis
nanfinglalasiauiazndndudu Juhlideduganisninusuaiinalussuvanas uag

v w fw i v Y a R a P SR a o
NANNENRUGAINGTY wandbiviuladngdunidltinmaiuunnduiethlundaialalasay
a X ' ! [ A a v a ! ! a 6V Ay v
dinAu wisgalsfinuiiAl pH Suduiunnndy 5.5 wuilsuesielelasauasauilianasly

77
v A

YUz Usnansldiinmags Mallonadunszimangnldlutulilagninluassinelalasiou
wesegaies wigniluasadundaduaidusauie wu nsaluiussveds woanegead [
(5U 2)

4000

pH4.5
pH 5.0 hd ag g g ad
pH5.5

pH 6.0 O O O faY O
pH 6.5
pH7.0
pH7.5
pH 8.0

W
S
S
S
!
eompPpqOe

—p—
—p—
D—i

N
o
o
(]

1
—

falalasiouazan (mL-Hy/L)

L2 Ll i L2 = L L]
1000 A = = = = = = =
e - » » ® » s
[ 3 L 3
0 & T T T T T T T T
0 20 40 60 80 100 120 140 160 180

szezanlunisvsin (hrs.)

UM 1 Bsuwsinglalasiauavauilolinsuusiuai pH Susu
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AT 1 U%mmﬁwmaﬁgﬂlﬂﬂLﬁaﬁﬂmmsﬁum pH
PH  danadudu (giL) nagatie thanafignldly (i) mnafignidiy
(glL) v (%)
4.5 10.02 0.31 9.71 96.88°
5.0 10.00 0.37 9.63 96.32°
5.5 10.15 0.13 10.02 98.73°
6.0 10.44 0.15 10.29 98.54°
6.5 10.20 0.19 10.01 98.15°
7.0 10.32 0.16 10.16 98.42°
7.5 10.20 0.14 10.06 98.68°
8.0 10.14 0.18 9.96 98.23°

A Ghimire et al / Applied Energy 144 (2015) 73-95

* FI9NYINIWITINUNLANAINNULANIDIAULANANAUEBNAGOULUY DMRT N5eaAuautiolu
Souay 95

Organic Biomass

(A gricultural, Municipal and Industrial Waste)

solubles (Lignins, etc)

Inert particulate and

Disintegration

Carbohydrates

Hydrolysis

w

. __,_.—'—_'___'-'_
Monosacchandes I"— @

IR ———
I

Acidogenesis

v

Lipids

—_—

w

[ Long Chain

Fatty Acids |

Y

Y

| Lactate | Ethanol

|Pmpionatc ” Butyrate |-—

Acetogenesis

[

=1

5UN 2 Flunsnanlalasiauainansdunid (Ghimire etal., 2015)

nsnlusiuszme Wunsalufussmedeniansagnasnavulalunssuiunsuaalalasiau
HAVRINTISHANNTALUITUTEYENAT pH SUAUANE 9 wanslun1s199 2 auiulainfial pH SuAUA
WiNTuRaUNIdaziinsasenIaluliusemeeiuTwliaT pH anad NG e pH anas

sgdvililalasaulossunuteriuwaauaztnlUlulalnsmanaluveswasinaviarefanssuves
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wulyl TassadsveaBoruwad Adue TUsAY wazdudanswseyvesgduvsdluiign (Ferchichi
et al., 2005)

A15197 2 USanaunsaleduseivediadiodin1suuseuan pH

oH nsnluduszmediiggane ﬂiﬁllﬁugmzmaéw nanluifuszmeiiindy
(mg/L) LIUAY (mg/L) (mg/L)
4.5 2841.67 500.00 2341.67°
50 3062.50 508.33 2554.17°
55 3208.33 558.33 2649.99°
6.0 3479.17 433.33 3045.83°
6.5 3645.83 466.67 3179.17°
7.0 3795.83 416.67 3379.17°
7.5 3900.00 500.00 3400.00°
8.0 4133.33 483.33 3649.99'

* FI9NYINIWITINUNLANAINAULAAIDIANLANANAUIENAZOULUU DMRT 75eaAuanutiody

Saway 95

- waldvasiwlalasiau

navesr pH Budusienalduosnisuanielslasiuanirdundenduizsanuinug
Igvosinelslasiouasifiutuiion pH Budufistuan a5 Ju 5.5 Inedualduesinelslasiau
Lﬁmﬁu%ﬁﬂ 1.51£0.05 mol H,/mol sugar Uy 2.60+0.01 mol H,/mol sugar Mﬁﬂﬁ]’lﬂﬁulﬁalﬂmﬁ’l
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pH nalavasinelalasiau (molH,/mol sugar)
4.5 1.51+0.05°
5.0 2.36+0.01°
5.5 2.60+0.01°
6.0 1.62+0.29°
6.5 0.88+0.06"
7.0 0.71+0.03°
75 0.44+0.02°
8.0 0.42+0.04°
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AEATY: ANATBIEUSLAA WARAMTEUA N LsaneunadLES NN INENUS

ABSTRACT

This is a cross-sectional descriptive research. The objective was to study operating
results health product consumer protection of health personal in sub-district health promoting
hospitals, factors affecting health product consumer protection of health personnel in sub-district
health promoting hospitals, Suphanburi province. And to study the ability of variable factors that can
predict the factors that influence product consumer protection of health personal. The questionare
was health officials have been assigned to health product consumer protection of health personal
in sub-district health promoting hospitals with 174 subjects. The collecting information from a
performance in fiscal 2016. Data collection was carried out from February 1, 2016 to May 31,
2016. The instrument used for data collection was a questionnaire. For data analysis include
the frequency, percentage, average, standard deviation, Chi-squared test, Pearson’s Product
Correlation Coefficient and Stepwise multiple regression analysis. The results were as follows:
most sub-district health promoting hospitals passed the evaluation criteria 57.47 percent and
product consumer protection standard level = 1.28 (u=1.28 5=0.26), Factors supporting operations
of health product consumer protection of health personnel are middle level =3.27 (u=3.27 =0.54).
Factors in management of health product consumer protection of health personal are high level
= 3.41 (u=3.41 0=0.47). Factors personal characteristics no relation to operating results of health
product consumer protection of health personnel in sub-district health promoting hospitals,
suphanburi province. Factors supporting operations and Factors management in relation to
operating results of health product consumer protection of health personnel in sub-district health
promoting hospitals, suphanburi province statistically significant (r=0.366 p <0.01, r=0.504 p
<0.01). Could predict factors affecting operations, Strategic factors can be used to predict the
health product consumer protection was 18 percent (R> = 0.180 F = 39.054 p <0.01) And the
strategic and values can be used to predict the health product consumer protection was 24.4
percent (R2=0.244 F = 28.932 p<0.01).

Keywords : consumer protection, health product, sub-district health promoting hospital
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dn1sfiuran1saLiunuRuaseEuIinanuNGndusiguamlulsmeuadaaSuguansdiua
FUUNAIUFILUTNANE (N=174)

Han1sANluUANATaEUITNAY

FauUsdidnen y
Fuuszandandunus p p
AIUNAIAY 0.364 0.000%*
AIUIVUTTUE 0.272 0.000%*
Auianaunsal 0.246 0.001%
AIUNITUIUITINNTT 0.280 0.000%*
nagns 0.430 0.000%
JGEAGERE 0.297 0.000%*
YUY 0.396 0.000%**
JUuuY 0.383 0.000%*
nsInUARALTIYINIY 0.391 0.000%*
Vinwe 0.366 0.000**
AHlyNI 0.350 0.000**

**@ p <0.01
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M19199 5 Anwduiussenisladenudnuvardiuyanaiuriansadunuauasasusinan

nandaigunnlulsaineuiadeasuaunniuadiunaufiwl AN

faudsiidnen x p
LW 0.148 0.701
JLAUNSANYIEIEN 1.058 0.589
Auvtstaguu 0.382 0.826
nseusHEeINUANATesfUI nAPUNAR SusTguA TN 1.082 0.298

* P < 0.05 **A" p<0.01

M19199 6 AwdNTussEnIsladenudnvardiuyanatulan sAHuUANATORUIINARY

HandasiaunnlulsaineuadeasuaunmiuadunauiulsAng (N=174)

fauUsfiane p p
8¢ -0.043 0.576
svognaufRnuduasesiuilaa 0.073 0.340
uunuluanusuiaveu (§Suilaveunan) 0.004 0.962
$urunSwesn1sousL 0.060 0.429

*P<0.05 ** p<0.01

5. ﬂ'mmﬁwﬁuﬂizﬁméawﬁuﬁuéwn@m (Multiple regression coefficient) Han13ANEN
Aouaniesgsitaderinneg lWnrnaeumuduiusniglusewineduusidne wuindaus
1 11 aflenuduiudiuliiau 0.8 fnn91eil7 dudumsinnesimiateshuneiinian Fes
Stepwise multiple regression analysis NANISATIZA iﬁimmaﬁgqgu 2 luna ﬁﬂﬁ

Tumadl 1 fuuseunagndarunsaliviunenanisdniunuduasesiuilaadiy
nandsigunnlulsaneruaduasuaunindiua lasesaz 18 (R? = 0.180, F = 39.054, p <0.01)
Fansnei 8

Tamafl 2 fudsiunagnsuagsnuadeuaunsalivihunenanmssiiuiunuduases

%

Huslaadundnsdueigunmlulsmeiuiadaaiuguaindiva laseeas 24.4 (R? = 0.244, F =
28.932, p<0.01) WLAUNLUAAT 1 Se8ay 6.4 AIR157199 9
ansalisuaun1sneInsallanall nan1saliuaiu = 0.343 + 0.153(nagns) + 0.116

(ATEUTIN)
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M50 7 Adudseansanduiusnielusenineladvativayunisuimsiulatenseuiunis
AIUUTIITIIU (N=174)

Man | Money {Material;Manage;Strategyi Structure | System Style Staff Skill | Share | Total
P
M P
an b
P 10.597*
Money b’ 0.000 1
Material " 0.397": 0.403" 1
p: 0.000 | 0.000
Manage p10.515**10.562** 1 0.617** 1
9 b 0,000 | 0.000 | 0.000
Strate p 10.609**:0.580** : 0.255** | 0.522** 1
9 ' 0000  0.000 0000 & 0.000
Structure p 10.551**:0.552**: 0.225**{ 0.430**; 0.718** 1
p: 0.000 | 0.000 | 0.000 | 0.000 | 0.000
p:0.408*10.334**  0.512**: 0.485**; 0.486** | 0.560**
System 1
p: 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Stvle p 10.597**:0.627** 1 0.374**: 0.555**: 0.714**: 0.596** | 0.565** 1
y p: 0.000 : 0.000 : 0.000 : 0.000 : 0.000 ; 0.000 : 0.000
Staff P 0.521**:0.365** | 0.462**; 0.481**: 0.397** | 0.475** :0.525**: 0.454** 1
Pi 0.000 | 0.000 : 0.000 : 0.000 { 0.000 ;| 0.000 | 0.000 : 0.000
Skill p10.468**10.411**:0.588** : 0.544**: 0.425**: 0.375** 1 0.454**  0.569** | 0.564** 1
p: 0.000 : 0.000 : 0.000 : 0.000 : 0.000 : 0.000 : 0.000 : 0.000 : 0.000
Share P10.205**10.166** 1 0.439** 1 0.438**: 0.225**! 0.122 0.471**!0.276**{0.559**| 0.418** 1
P 0.000 | 0.000 | 0.000 | 0.000 i 0.000 | 0.109 | 0.000 : 0.000 : 0.000 | 0.000
Total p 10.364*:0.272**: 0.246**: 0.280**: 0.430** | 0.297** :0.396**: 0.383**:0.391**:0.366** | 0.350** 1
p: 0.000 ;| 0.000 ; 0.001 { 0.000 { 0.000 : 0.000 : 0.000 : 0.000 ; 0.000 ; 0.000 ; 0.000

*@1 p-value <0.05 **@1 p-value <0.01

M13197 8 HaNITIATIERSIANINTVRITINEINTAIlAaT 1 NHlson1TANTUIIUANATOS

HustaadundniadiguamlulssneuadaaSuguaimeiua (N=174)

faudswensal B B t P
NTEUIUNITUTMNTIU
- nagms (Strategy) 0.178 0.430 6.249 000**

a=0.696 R2=0.180 F = 39.054 S.E.=0.096, ** p<0.01



Phranakhon Rajabhat Research Journal (Science and Technology)

Vol.12 No.1 (January - June 2017) 33
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AustaasundndaiguamlulsameuaduaSuguaimiiua (N=174)

fauwdswennsal B B t p
ASZUIUNITUTIITIU
- Nagns (Strategy) 0.153 0.370 5.457 .000**
- AU (Shared Values) 0.116 0.267 3.939 .000**

a=0.343 R?2=0.244 F =28.932 S.E.=0.129 ** p<0.01

dyUuazInsalug

MAnsAnwdadeifinadonisiniunudunsesfuilaadiundn fueiguainly
lsangnuiadauasuaunIneiva JaminanssuuIeAuTeNaningUITaIAnTIEuATaUNRFIU
n91de 1adide

1. #avasnsaniiunuduasesusinanundadunavamlulsmeuadaasugunim
Aua Jaingnssaiys Yeudsennas 2558 anualen1sadunuduaseadusiaacunansue
gunmdmiunianudmihissiusune (2558) wuin lsameuadaadugunmiuadiulng
fnansUssduihunasissduiiugiu 77 wi Anduesas 44.25 Tiiwinasiseiuiiugiu 74
wits AniluSosaz 42,53 unadiszaud 16 uiis Andudosaz 9.20 uazrunNeITZAUALN
7 wis Andudesas 4.02 Feaziiuimansuszifiueglussiumadseainandiinanlsiaed
nsivuannsgIulunsussiiumsuiRausuasesusiaasundndusngunmlulsmeiuis
duaSuguamsiiva Ussneudulud 2558 drineuauenssuniseimsiazenladavingients
fuuauduasestuilansundnsariguaimdmiundnaudmiiissdiusine (2558) 3
Dunumeismusliidnaudmifsssusineldufiagauasdumumanivinlidmiig
HSuRnreunuANATOIUSIaARunRandasigunlulsneuadsaSuauaniuaeialidnle
Tunssdununauunmeiisivus waruennigiomssiiuruduasesuslnadundn o
auamdmiuninnudmihiszdusine (2558) visianssudeszyuumesssiunuilil
arudaaunnfismerhlinanisiiiunudnlvgeenulusesuiugiuuagikunasisesu
flugu

2. anuduiusseninelatenudnvaediuyana nsatvayun1sadunuAuaTes
AUSLAARTUNEASUIFUNIN LaENTEUIUNITUTITNUAMTIUUANATOIUSIAARUNE R U9l
guamiuran saiuanuaukuIniansujianuduasesuslnasunindaeiguainly

lsangunadaasuauaIndIUa
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Uadunadnuagdiuyana Tulianuduiusiunanisalivaufuasesauilaaiiu
HandueiguamlulsameuadauaSuguamiiva Jminanssans vineanud wikSuiingeu
NuANATBUSIAAMURERSaTiaun nlulsaneuaduaSuguniUadziing 018 SEAUNNT
Anwigean sumiadagdu steznaiufiRnuduasesiuilan Srunumilumiuiuinveuuas
nseusIBosnuduaseuilnafundnsusiguaineeslsilidmaliiAnanuuandndunis
UFtRnuduasesuilandundnfusiguamlulsmenuiadaaiuguamia deoradunes
anwarnhnululagtulinmsimuawuimenmsujiinuegrsinnuilsdmalvdadennanuuy
dyanaliiinaiunmsuuinu aenndediun1s3deved Impong (2014) Beosladefitnnuduig
fumsuftRnuduasesiiuilnadundnfusiguanweadmifiasnsuaulugudguameue
Jarindunys nsfnwilidianuenuduiusiunsuiRnuduasesuslaadundnsiueigunin
voadmihiianssuaguluguiguamyusuiasaenndediu Rodroca (2013) (3o JadefididvEna
senadugnslunsuftRnuresihssnisddnauldansensanensuazannsaldiunans 31
naduqrdlunsuftinuresiisensldlétuegfussdiunsfinungaavosiuinreusu

Hadeflauayusunsuims Mnmsanwinuindadvatuayudunsuimsns
anfiuauduaseuslnanunandusiguanlulsmeuiadaasuguadiuaiinuduiug
flunansaliuanuRuasesuslaamundndasigunnlulsimeuiadeasuavnindiua Jamin
gNITUYS MNeANdT {SuliaveunuAuasesusiaadundndasiguainlulsainegiuia
duaiuauameuanldiumsatiuayuiladesuau sulssanu Yangunsaluaznsuimsdnnis
agilnaranIsanlunuAuaseusiaanundndusiguamlulsameiuiaduasuguaindua
@0AAABINU Impong (2014) léfﬁﬂmﬁﬂ%’aﬁﬁmmé’uﬁuéﬁumiﬂﬁﬁ’amuﬁumaaQ’U‘%Iméf’m
wanfausiguamvosdmihfianssagulugudaunmynrudmiadunyd  wuinsufiRng
yespsAnTdsedninensatiuayunsufoiau Wun au Gu Jandweuarnsuimsdnnis
dielsussg TngusvasdingloenediussAnsnmiasUssAnsun denndosiu Vetchakit (2014)
iAnwitadeinasenisufiRnuvenosinsesdnsuimsnududminnszuaseiogsen
HEnwlfimsanneifnfutadeiinadonsufiRnuvenesinesdnsuimsdudmin
wszuaseoysen InsTianeideyatiadefitiadensufifouded Jadesudwinfuazyeans
Safosusutszann adedugunsnliniesdonasmeliladuasdafosutumeulunisufifia
wuhiladedts 4 fu SvadensuiiRnuveanestesinsudmsdmdmianszuasaiossenly

amseglusyiuin
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Jadeaunszuiumsuimsny 31nMsAnemuIndatenunseuIunsusmsny
AuasesUslaadundndusiaunmlulsainguiaduasuguaindivaianuduiusiunanis
AduuauasasrusinAamunandasigunnlulsimenuaduasuauaindua Smingnssays
yangaui WeRFuinveusuduasestiuilnadundnsarigunmlulsmenadaaiuaunm
fruafimsufiRmunszuaunmstimsauiiaty ardmalinanisiniunuduesesduilnadiu
wanusigunwlulssenuaduauguninsuaitunuluie Seaenadoatuuinfnues Dessler
(2005) dwmiu%msl,ﬁaiﬁﬁwL%fa]mui’mqﬂizaﬂﬂﬂlﬁﬁuﬁwL‘ﬁuéfaqﬁaqﬁﬂszﬂamﬁzmumw’%msﬁﬁ
Way Jumpang (2012) ﬁié’ﬁﬂmfjaé’aﬁﬁ5w%wa&iammﬁ’1L%fﬂuﬂﬁﬂ’wmﬂmmwmiﬁmﬁmmi
AATEINUNTTUIVRIUARINTIUMIIBUTEAUANTENT AT TUGUNUIIATEUTINDIANTT
NAYNSOIANIS SEUUNY Winweyrains uavlassasisesdnisiidvdnadoanudnialunisimun
ANAINNITUIMIIANITNIATTIUNTTUTVOIUASINTLUMIENUTEAUANTENT AT TUEY

3. Jaduidaviunefinasonsdniunuduaseafuilaadundasasiguaimly
lsangnuadaasuagunmiiua Jwingnssays wudn Jadesunagnsanunsaldviunenanis
UfiRnuauasesuslaamundndnriguamlulsmenuiaduasuguaindiua Jminanssaysia
Joway 18 (R2=0.180, F =39.054,p=0.00) kazUadesunagnssiuiumueiledanunsalivituneg
Han1sUURnuAuATusinaiunaadasiaunmlulsmeiuiaduaSuguaindiva Jmin
gnsTuyslaseuay 24.4 (R2=0.244 , F = 28.932, p = 0.00) sty fovar 6.4 uandliidiuinns
flazyiliinamsddunusuduasesduilaasundndusigunmlulsmeruiadaaugunm
fva dmingnssaniFeainsnanunagnisiuiunsivuaaidousalunisiien ady
Jafonsruandnunsuims sufuasiliAnuansduiunuanniu

4. Ygyymnguassatunisaniuanunuasesusinanunindaeiguainlulsaimeivia
duafugunmwiua wud Jgmanlngfiiauardssansenuienmssuiunuduasosuilag
Ao Ussryuvinanunseninlunisauasesuslnaaunindusiguaindasalinisaduny
Aunsesiuslanludmingnssansliuszaunadifawinfians Jgmnslianansadsdulingmne
Isegnaaieds wazvndssnneanuazanlumsdidunuiuasesiuslnasundnfasiguam
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1. Tsmmenuadeasuguaneinuaemsiadldusadlunsmmuadhmnewagisunulunis

UfuRnusuuiunvesiun wWelraiunsadnnisiulgmlununlaass
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AuKandunaunweevseLlaieenszAunsALduuALATEUSIAAGUNER S agun 1y
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WU
TorauanurnsinaITelulssyndly

1. lsamenuiadaasuaunindiuanisladidnsindayinnagns unuuwasuiunulasanig

PYUYATY AITHNITTRvIILNULUUaNTUULNe T AR 1 suA Ty luiunlagliidmig

o

SuiinveunuAuAserusiaadundndasiguamdanddslunsufiRauaiuuiun

=D

vosiiudl nioufutiudasdinsatarfionvesasdnslunmsdniueolidnauasdususssy
uaﬂmﬂﬁﬁwﬁfﬂ\‘1mmmsmqm%’wiﬂmsﬁmiaﬂmuﬂssLﬁuwamiﬂﬁﬁ’aamé’mﬁmiaqﬂuﬁm
sundnfasigunmegsoideafiosnssiunsiidunuduasesiiuslaa

2. 9uau msinsunAneanlumsuiRnuauasesiusinacundndaueigunnli
fulmthigsuinreunilsmeuaduaiugunindiuasgasieiiles uazfudmsmsiveiaus
fuawdmudmihigiuiavevnuduasesuilaasundndasiguaimiiefiuusagdlalunis
iy

3. M3 Asiimsdewalulagadslniinyilunisanidunu wu msldszuy
Avusdfitauiteliinedensmaniuil msiiutesmsmsdeanslimuinwnuuiuiasiideidn
WAN15iRNLaY
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1. psfnwdulsiiogneldnseununanynamsuimsussiandu ez ddviwasiona
mssdusuinsesiuilnadunanfasiguam W msuimsuuusjimadigys ussgde amgdih
Jusu dwsnludsglendionsihluusuldlunsmenagnsnmsiaunmibenuliiivszdnsnm
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A STUDY OF TWO-DIMENSIONAL MODELING OF BEHAVIOR
OF AIR FLOW THROUGH THE CYLINDER BY COMPUTATIONAL
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UNANED

wafianamanivedlnadediuias (Computational Fluid Dynamics, CFD) (Juwadiadi
Faelunsinswitymmeiunamansvedlva ddumiseilditomannsuasianisadis
wuuiaemsrenines feomeienamansvedivaladiun (CFD) uiduatesile litafnw
ngAnssunslraveseInIFunsInszvonduRSeUluaelif waznuanuiTeiayldinni
teyaluliusznaumsatsglusiniaroeniuuugnA L TuTaEUUY A UL UUSHME
sold Tngldi@nunginssunisivavesorne fe nsnszanefvesauiiennia dulsyans
N33R (Re,) way 1avisdluas (Reynolds Number, Re,) fienenudionniaEuiud 0.01, 0.03,
0.05,0.1,0.3, 0.5, 1, 3, 5, 10, 30 wag 50 mis nefFeuluaussluadi Re, < 10° Wunslva
WunvusuBeunaglduuusiassmunia (Viscous Model) WUy Laminar (Souluiaussluand
10° < Re, < 10° n1slvardunvudutunaglduuuiaesanumiauuu k - epsilon uazdouluay
seluadi Re, > 10° nslvafunuuiuthudusuuuuuaddiuuudiassaumiauuy k- epsion
uarannInSBufisuNaMIMAResINNsA UL aesamguiture U Sedinaiildanms
naResEILIUSaaszinuaenndestu Tursrvanauseluad 7 10° §3 10° Adudsyans
nsaaiedelngnisvaassadiauuusiass CFD awila 1.62 uazAdulszansnmsanadslagns
Funnunungud] Az 1.03 wagArduussaninisgavesenmediaiumsinszuenduiaiou

MlYasannume e aeilA1egin 1.20

AANARY: WaransuedlaleAILIN N1SIATEIDINIARIUNSINTZUBNAURIISEU
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ABSTRACT

Computational fluid dynamics technique (CFD) is a relatively new field of technology in
Thailand. This technique has been developed and used widely. CFD utilizes computer softwares
to solve problems such as aerospace engineering, heat transfer and fluid mechanics etc. This
research used the principles and methods of computer modeling with CFD as a tool by studying the
flow of air through the cylinder in two-dimensional plane, which is part of the evaporative cooling
model in low speed wind tunnel. The parameters studied in this study include the distribution
of air velocity, coefficient of drag (C,) and the Reynolds Number, (Re,). The air velocity inlet of
0.01, 0.03, 0.05,0.1,0.3, 0.5, 1, 3, 5, 10, 30 and 50 m/s with Reynolds Number of Re < 10°%, 10°
<Re, < 10°and Re, > 10° were used to study laminar flow, low turbulent flow, respectively. The
comparison of modeling for this research with boundary - layer theory, shows consistency of the
studied models. For the values of Reynolds Number between 102 and 105, the average value of
coefficient of drag coefficient by CFD is 1.62. The average value of coefficient of drag coefficient
from theoretical calculations is 1.03 whereas the real value of drag coefficient is 1.20.

Keywords: computational fluid dynamics (CFD), smooth cylinder cross flow

unin

FRanamansvadlvadisiuia (Computational Fluid Dynamics, CFD) Saidulusunsy
PlaAaszinamaniveslnaseisneednmans dso1dmnuansavesrauiinnesasll
Prgluniseuinleagldisinlundatius (Finite Element Method) Imﬁﬂizmumimmgﬂﬁ 2 Ty
nsvmsinseilymmmamansvesinaliluszesnasududiedsiidlus vldnsyuuns
penuuuiivszans mwiuaniuiieSeudioutunssuunsuuuiy 4 wu lunsesnuuy
gnAsuTifiesanuuuLazad IR uLULLEY 2EdewinIsnaasRanIIeINIANamEn Ty
glusdon Suililituneulunisinwuasifefifnnugeenn widagiunsilusunsusiuanms
waransvasiva Aduiinslulneunsansuazannty BudhanfiunumsenisSeunisinm
Tuthagtiu FangAnssunisivavesvedlvaaninsoesurelasmsltuvudaemnouinnesuas
LUUAIARINIANAATENS 1AEN1531809UIINYNNT0I619 ) MenamansvadlnaazAuInieyn
YD9a1UN"158Y5NY (Conservation Equations) wazUsenNouMmeaun15aysN¥uIa (Conservation of
mass Equations) 1158a1n135A211s8Lie3 (Continuity Equations) auN15eusNYIIIUAL (Momentum
Equations) Wazaun15913N¥Na1 (Conservation of Energy Equations) %433 CFD Huanso
FreUszudanaaralians Tuniseanwuu wWaw U5uuse wazanunsaviidiunimaesnisive
IeFmmuiusnuminaeneninmes sbnmsinssimmamansvetinassiiladouaresdussnou
g 9 3 peRUsENOU Ao ANN1TWNEYNUSEDY (Partial Differential Equations) fiosunearudu
399U Houlvveuwn (Boundary Conditions) %@ﬂﬂ@%ﬂﬁﬁﬂﬂ?iﬁﬂwﬂﬁu WazanwaygUIe
(Geometry) 9835y Taeita 3 psdUsEnevimnosiUsynounilsesdusznaulndinsasuntas

agyhlvinaansinisuaeunlamulume fegrveinisseendldds CrFD TunisAuaueiiy
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2. AnwinansenuvesnsEuae MATilivensInsrUondufuLuUa0gliAal

3. lethdeyafildtlusosenasrsglusdan Tunsfnwuasifomanamansvesiva

FrfunsfnwayienesisUuuungfinssuvesenafilvasumsanszuenduludeuly
WUy 2 3 mﬂmu"“ﬁaﬁmmaaﬁwaﬁlﬁmmﬁwaaﬂﬂﬁlﬂwﬁﬂmaﬁugmﬁm%’umsﬁmw
wgFnssunslvavesene isliluniseenuuuainsglusdaniaznsnauuIvesuisnsEusngs
ArutuTeIUATsTUUMTIATIBuLUUTEMETteTNA Teisanansataslidiunanseny
91N13NTORNLUURAZINUUSURUN SRS ) Y9353 UUgLINARLTBISTULYINA B ULUUSE WY
1 fevilsenelvaruszuurheuusuussimeuas agnssnszuengannududululdse

= a a o 2 aa
ANUFLAIN LATUUTEENTNINVDINITNIANULEUNA

383

Tuamiddeilivinmnassairauuusiaes CFD efnwmginssunisivavesennia
MuLuuiiaoesingrsanszuenduluglusday wuu 2 33 Tnefifeulvveuwn (Bell & Mehta,
1989) flauansluguil 2 udnhwamsAaildniwszianudullffunguiiifdes de
Unafildannmaveaesaisuuuiians CFD wasthwnSeudisutungud ldun dulsend
Msan (C,) uazlauisiluad (Re,) daudulimadivsusnimginssuvesesva dsaunisil (@)
f (6) IngldirmuaaiauEaand 0.01 1 50 mis uaziuuaesesingnansEUanduiiuwe
EuRUALENA1NRLIaNVA@DU (D) HUu1n 0.025 m uazkuuTIAIRluAaNIvLIAAINUNTe H
w39 8D uazilaue 20D Fsaunsarvuatieuluaviseluas (Re,) VBHUUIIABIANIUNLA
(viscous Model) 7irnaiuasernialuglaisdas (velocity inlet) dm¥unislvaviaumsenszuensiu
waztumslvanwuufurie laun Re, < 10° dmsumsivailunuusuSeuazlduuuiiassnim
WEALUY Laminar, 10° < Re, < 10° ddumsivadunuuthuthueyliuuuiiaesarumilanuy
k-epsilon kay Re, > 105 dmfunislvadunvuiuthudusuuuuagdivuudiassanumiauuy

k - epsilon
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1. gduvvaunstussuunsinssinamenaaansveslra@ieruin wuu 2 I8

NSMYUARMANYUYYBILUUTIRDINNNIEATNLAZNITAILIUNI CFD lakA N3

MruAsUkUUANNTYRINTSIAdeUTvesatlva  auniseunall (Enthalpy) kazaun1sausng

438 %QIWEJﬁ’ﬂ‘Uﬂﬂﬁﬁﬂ?iﬂd’]ﬁﬂﬂuﬂ’ﬁlﬁﬁiu%@ﬂlﬁﬁLL‘U‘U Navier-Stokes T99iN15LATILRNALTS

Alauniunaanivetiva Nagdedliniud Ay Wnedaunisaivauauiunisinavesvediva

VAN 9 A @UN150YSNEBNIAYTEANNIIANMDILEY AUNISNANIY LavaunSluudl Felalany

Tuaunish (1) & (3)

(Techaampai, 2013; Versteeg & Malalasekera,1995)

1.1 aunseysnvinavieaun1sausielies (veslnaniudndls) Tu 2 48

ap = 5\
= +V-(pV)=0

dp . dpu , dpv

=
%39 2t T Ty = 0 (1)
e p A9 AUNUILULYDIVDI VA [kg/m?]
¢ A 1380 [s]

u ez v A Anusgeslufidunu x way y [m/s]

—_

v Ao AnuSwesvedlya [m/s]

1.2 aunsoysndluiuuduluwuiuny x wag y

60x aTyx

N P
Xx-component: = +V (puV) =+t o + pfe

y-Compo
We p

pfx

yx

2)

. a(pv) . = = dp | O0txy 00y
t. — - —_ ——— — — ——
hen StV (pvV) ot o +pfy

AD WIIOULLDINIINAIINAY [N]
A9 AMULAUAIAINAULAY y (normal stress) NINSEYITTULLILAY X

A9 WIIDULBININUINUNUDIALDI I ULUILNY X

A9 ANLAULRULULWLILAY x (shear stress) (@wSudivioawsn Tuitfe y
yauidsaIniuuny y dallanuauideuiinggyined diudiiesnda
& a YA t:ll °

iR x sEuiiFenIveInUAuLdounnsyyin)

R

)

U
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1.3 aunsousnenaanuly 2 7

2o (e + D))+ 7- (e +2)7) = -1 -
22y 224 2

of -V (3)
We e Ao nasungly [J]

A9 WasUIAYeIvedivia [J] MARRURRIEAIUST Vm/s]

Ao AUAuURsaslya [Pa]

Ao auﬂizammimm’lmau (thermal conductivity) [W/(m-K)]

Ao aunnivavetiva K]

Y

QN F OV on|T

Ao USunalandanuSeunanuainiinvuluveslua [Wim?

2. MTWATIFANGANTTUVD I A
a ¢ a a [y A = = &
NTIATISINGANTTUVDIVRILMAAINTAIATIZIAL AsaunIsh (4) Bs (6) FuTuaunis
MThaserdulssdnsnisaedmsunmsivariiunsnssusndu (C,) Wazaun1sNITIHATIENEY
woluandmsunistraniuvsanszusndu (Re,)
2.1 aunsduyseansnisandmsunisiuariiunsanseuanduy (Schlichting, 1979)
lngfl L fie Aanuemvewmsinsyuen [ml, d Ao ldurugudnalmsnseuen [m], V fie 157

Yo3vedlya [m/s] Uag D, A 439ATIH [N]

Dt
Cp =1

EpVZ Ld (4)

2.2 aumsdulseavsnisgalunadveuausdluan (Re) dmsunsivarmunsinssuen

U (Piroonkaset, 2004)

Ch=1+ Ng (5)
€4

2.31aubs8luan (Reynolds Number, Re,) d@1%5uni1slnaniunsinszuonau
(Piroonkaset, 2004) lagfl u_ #ie ANUSIVRIRI AN anSY [m/s], p AB AUUUILLLUDY
Yp9lia [kg/m3], way p Ao duUseanSauvtanamans [kg/(m-s)]

Re, = _ Ppuced (6)
€=y
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Initialize all variables

o

Solve momentum equation

!

Solve pressure cofrection equation

!

Sole turbulent kinetics equartion

!

Sole dissipation rate of

43

turbulent kinetics equation

Converge?

C =D

JUN 1 FauuanensyuunIsnenamansvesinalieiuin NnsmeaeagmeIsnsmie

581 08U 1L UUTNTa (SIMPLE algorithm)(Tawonwan, 2007)

3. JUARBDUNITAIUNITIVY

o
VA [J v

Fupouvoamssidunmsided Aiduivuntuneulunsively 7 Fupoudsl

3.1 @auuudiass CFD wuu 2 I Wlevhunenginssunisivaveseniasinuiuy
11899909INONTINTLUBNAUY

3.2 aafoulvreumvesuuuSaemsnszuenuazuuiasiglusday Inefideya
Fananslusud 2

3.3 wuusassnslnaildlunisise el funuuiiutay wie k- epsilon uagrvug
Tinsdraesiifunisdnaesuuunsi (Steady State)

3.4 AnwUSnaildannsaasuusiass CFD A %J‘Uizﬁ‘vféﬂﬁgﬂ (C,) ausdluan

(Re,) Fuduliunaunvsvonianginssuvesedlva lnsamnsarualaainaunisi (@) fs (6)
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U 12 auuy 1 Wnsrau-dguigu 2560)

3.5 ﬂ'wmmL%faamsmLﬁthimﬁamﬁiﬂumiﬁmaq Aa 0.01, 0.03, 0.05, 0.1, 0.3, 0.5,
1, 3, 5, 10, 30 wag 50 m/s

3.6 Wisuiflsunanisaesiunsiuumamguiuassanveaeiléiunmsgensu
Fanandluguil 3

3.7 agunauazafusenan IdglunavesngAnssunisiadeuiive 91N AR uLUY

o U
V1NN INATEUDNAU
Velocity Inlet
ap Wall Pressure Outlet
u=u, v=v,,—=0 T C
oy : u=v=>0 U:V,T:O
| v
\
- Wall H _—
I e [
A —— H/2 N —
\
X, Wall
u=v=»40
= 16D

UM 2 Reoulwveulwnvesnsiiaszvinimamaniveslaiiediuin (CFD)

YBIuUUTIamIINTEUaNAUluLUUTIaeleAaY LUU 2 df

4. MTIATIENvaya
= = % ° d' Y =

nswSguiisurammeasdlunisasisuuuassnuiouluveun degun 1 uae

TuideiBadunsivenazsudouisive Feeslinguituveuwn 1Hdunquijirddmsunis
o ° = G R a N a - = <

afauuuinasil wWednwinginssuvenisinaveseinielaedivsunaluaunisi (@) ds (6) Wu
aunmvaniunslianeds InensneaesiinwanuduiusssnieUsunuduUseananisan fu 1|ae
seluad Awandlugun 3 Fadunsmanuduiusseninsduuszdnsnisan A wusdluadues
nneaesny Mg AnTsuvesmsivavesonrunsInssuensuluglusiay Nilduruaudna
VPR 9] kgl RUITHUTIBUAUNITNABDIATHLUUTIABY LaZIINATNAAOIETNLUUTIADY CFD
WeAnwmginssunisivaresonnirunsinsyuennay Nllkeuludunuuiiass 2 i wuiwa
YDINTATIUUUTIADI NAVBINITATUIUA NG BT WALHATDINITNAGRIME ¥ TUVOUWA HAY
gonndemaz lululunanlndifeadiu dwandugui 4 Fdunsmesesadrswuudiaeddnmue

Frveaausdiuad a8 10" fa 10° uasfvuaAiAUEIauTIvnad1vesglusfay (Velocity
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inlet) 1w 0.01, 0.03, 0.05, 0.1, 0.3, 0.5, 1, 3, 5, 10, 30 W@z 50 m/s WALEMSUNS U VD
AduUsEavEnseavesemaiilrakiunsinssuonduRaGey axlidiegi 1.2 uas lauseluas
asuiﬁ 10° (Bertin, 2002) LLaslé’LLaméffgasmwamsaﬂ’waaﬂugﬂqumwnsﬂﬂiugﬂﬁ 5 uaz 6 39
JuN1suanIgULUUNINIZANBFITBIAINETIDNNIA N15NTEALRIVBIIANBSAILIEIVBIDINA

LAENINTEAUMVBIANNAUNIAATY B A1AUTIVBIDINIATINIDENS 9 U

M58 1 1WSsuiieudiaussluan (Re,) warduuszavsnisanidiailuniangud (C, Theory)
UduUs2AN5N159A9NNATBIMUUTIAB CFD (C, CFD) NIA1IN5I8I0INAR 9 o MN91U0s

LLUU“S']ﬁENQI@NﬁaM
velocity inlet (m/s) Re, C, Theory C,CFD
0.01 1.57E+01 2.59 3.88
0.03 4.72E+01 1.77 3.15
0.05 7.87E+01 1.54 2.86
0.1 1.57E+02 1.34 2.70
0.3 4.72E+02 1.16 2.41
0.5 7.87E+02 1.12 2.47
1 1.57E+03 1.07 2.12
3 4.72E+03 1.04 1.41
5 7.87E+03 1.03 1.05
10 1.57E+04 1.02 1.75
30 4.72E+04 1.01 1.76
50 7.87E+04 1.01 1.68
NANT1INA&aBY

nMsaaLuuiians CFD LilefnwmgdAnssunisivareseniminunssnsyuonnay
Afeuludunuudians 2 97 wuiwaveINTaFILUUTIADY NAYEINITAIUINAAMOL] Loy
KavesNTIIRAeIgEitureun danuaenedoandululuneilndiAssiu Fuandugud
3 uargul 4 uavanansniSsuifisunansmaasslifiennsned 1 ddunsveaedazifinamuid
oIMATMadannTu A 0.01, 0.03,0.05,0.1,03, 0.5, 1, 3, 5, 10, 30 uag 50 mis azifiuld i
A3 INMATIANT 0.1 mis waz 1 m/s SULUUMSInaTese N LaYFULULYRINAMDSNS
IvaveseInmaziianuaEUL (Vortex) Lisanieulurvasausdluad vesnsivavesainie
flaglutaswesnsFuasuulasnnsivauuusueuluidunisivauuutiutu aenedesiy

v ' ‘:l' = & v o A < v
G]’J@EJ’NI’UE‘U'V] 7 "?NL‘UUE‘ULL‘U‘UﬂWiﬂi%ﬁﬂEJG]’J?JENWJ’]@J@UVW’YN@JLi’J@"Iﬂ’]WU"IL‘UWW 0.1 m/s ey
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4 o o o -~
6 U 12 auuy 1 Wnsrau-dguigu 2560)

1 m/s luusnaenanyuwinazmanuduiniieomeuivusnataaes lnglunsveassas

° Yo | ] I3 | 1 = 5 o a £ ~
wuudaedlamvuatsAvetavsdluan agfl 10' 9 10° uagAduUsEavEN15an YeseIn1Afn
InarunsanseuenduRaitey Mldannisneaaesasisuwuudiaes CFD dsiiAagluyie 1.68 &
3.88 UaAduUszAvsnisan waslagn1sveastasiawuudnass CFD Tudisrvasauisdluad 7
10° 3 10° qwdlA 1.62 wazAduusednsnisan wiglaensAmuiunumnge] ludnaiveay
wdluad 91 10° fi 10° agdlen 1.03 wavdmsunislianuasvesiduyseananisan veswenadn

a1 I

InarunsanszuenduRatey adidnegi 1.2 wag wusdluad 0¥ 10° (Bertin, 2002)

Y

100
T
gg Ll | N S .
D [mmf
“o 1 4 5—0 ]
Cp \ . o1
2o | o N _ PR DR 1= 03
~ i o 10 Heasired
50 fow fr e o PG 2 B e S © 20 ey
a = Z \ P D = | "> 79 |wicsetsbeorgor
a L bt =1 o sz
. e esoo ]
[~ - 300.0
2 B e N . o Theoy due to lomb
=]
, L“"m, Bl
08 T . N R I o e s it st [y ot e B
0.6 R e = — .
o4 R . e —*——\‘
L
0.z - —— A —
or R .
-4 2 & 68 2 “ 58 2 “ 68 2 & 58 2 L &8 2 A &R -
167! 100 1 102 102 0 ¢ € %5 7 % s
R =YD

4

JUT 3 NaN15VAGBIUBINITINAYBIBINIARIUNTINTEUBNAUIINNO B TV UWA (Boundary -

v v

Layer Theory) fuduuseansnisan (C,) wazsiuauiseluas (Re,) #7149 (Schlichting, 1979)

100

10

G
o

1 324 444 113 4
S il AE \

0.1
1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06

Reynolds Number, Rey

{gﬂﬁ il mwué’mﬁ’uﬁ‘ismNé’mﬂizﬁwémigm (C,) YasomAfanumsInszuansulUSsuTiey
futausdluad (Re,) Aldanuuuiiaes CFD fSsuifisufunanimaaesvemguitureuan
(Boundary - Layer Theory) Lagngufn1sivaviauingnsinssuansiu Tuauns?i 4 59 6 el —
Fonavenaustluad nNIsMAaIMAMgYiTuTaULA (Boundary-Layer Theory) (Schlichting,
1979), A Fanavadausluan 31NNTNARBINNNOENITIAINTANIINTEUBNAUY Loy @ Ao
navosiauistluad 9nLUUSIaes CFD Yes0 AT luas NIz UaNGy
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a ¢
aguuazIanInNg

TumiAfedazimsahuuuieommamanivesvadesiuinuu 2 87 Wevhuie
woAnssumsinavese A uLuUassvesingnssnszuendu Tnefimsaadoulvve umues
LuUaemIINszUsnUazLUUaese iadasdansteyalusuil 2 uazldfmunguuuuveauy
$raeensva (Flow model) Wunuudutu (k - epsilon) wazdidoulvaniunisaisnasswesnis
mnasnaranivadlvaldun1stias iU (Steady State) lnenavasnginssunisiviaves
9INAIUNSINTZUBNAU WUU 2 3R MmeIBn1snmaransvodivadaiuinliwaniiarainis
neaeslumsd 1 LLaqu'gUﬁ 4‘Luﬁaumaaﬁwé’uﬂﬁzamémigmﬁﬁwmmiuwmmmj‘ (C, Theory)
fuduUsyAvEnTanINKaTeILUUT1a09 CFD (G, CFD) finuiSauiimadnglusdauuunnsing 4
Uiﬂﬂgdﬂumé’wizawémﬁqm (C,) Wit SenflndlAsfuisaaussluad (Re,) Uszuna
5811919 4.00 x 10° §a 7.00 x 10° Feaglurrsvesanuidinszuaansitnglusdanszming 3 fa 5
mis Tnefidnwauzvesgiinssunisivaveseinimeglutisweuwnnisivauuuiulau (Turbulent
flow) uaztfunsinauvuiutiudilsigenn ey nmanTieTeiuuuiansiiaasati
Foyaitlddluliinsgidormuamaruduassnsmslnavesenna u suvisaidiglied
AUYDILATEWIIAMULEULUUSEIWMY (Evaporative cooling) %ﬂ%xgﬂﬂﬂﬂiﬂiﬂumu‘%’mdﬂ fiodiaz
RnwUsvansninessruunmsvharnudunuussmelaglith uasAnvinavesaussouzues
nIgRANLTuTBIganTuTiTidn sy sUh A lunsinsruenfutuRfufelunuide
ilsely

NnUszaumsalnmeasaagidemeinunamansvedlvaBsium deideazveuans
auAaiui Tuddeduahdonsaiauuudiasmnmamanivedlvaiadiuin en13de
AumnalRaevIofIeUTIUSINAMSHANGRNS 1 wagnsAnsngAnssuvesatiuanieléiteuly
vaurala 9 veInsuidamvamamanivedivaddiuin ifnssdesendeiinismesadeus
Befnavnaunauiueiosneuiunesifiensmuainasiiy fidasdemauiwaaantildtu
azfudlnguszann lagannsonsaaeunanasviomnouildannszuaunsmanamans
vaslvadednnufensliouifisunnuaenadossyninsalaasviomvesinouild ey
fnnulndifsavTounnsisfunianginssutasUSinameaidndsng q Menamasildainnig
AMunumunguiifedontennuamveassaiduannzfoulveuwminaiurEelndideeiy
1nfign uazuonNtuiviinTinsgisuludosesdauiarudilaluinemansnignin
luvanganvn danuilalussuud@giusdes Tanuinszuiunisvesssleuitigaiiavuas

I ad faa & 4 o a 1 4 ¥ =
52l UTslluaddmud danudilalussuumaihnuveddsunsuneuiinmes wazgavngaysedd
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Usgaunmsainsynalsenanaransvedliailen1sAuin 150 CFD Suneduls (Techaampai,
2013) wandlazglumsiianzilagaansorumneuveslgmianadaviiud B

169001

o
(@ N .. (b) W ...
1.28e-02 1.25e-01

;

1ize0z 118001

T 102601

S 8.45e.02

542603 e

5.08e-02
4816-03

3.39e-02
3218403

1.60e-02

16003
0.00e+00

0.00+00

Velocity inlet [m/s] Velocity inlet [m/s]

1882400 100es01

(C) 1.698+00 (d) 1482401
1502400 Tazesot

1156401

1.312400

0800400
1.13e+00
8240400
0.382.01
6586400
7.50.01
4082400
56301
3300400
375601
1.65¢+00

1.88e.01

0002400 -
0.006+00

Velocity inlet [m/s] Velocity inlet [m/s]

(e) M. ) N...
4.23e+01
7.03e+01 6‘.&1‘01
.
:
, ;
. .

3.70+01 6156401

3A7es01 5276401

2848401 4396401

2426401 3516201

1590401 2630501

1.06es01 1.76e+01

5206400 o T6ev00

0.00e400

0.00e+00

Velocity inlet [m/s] Velocity inlet [m/s]

JUN 5 JULUUNINIZEAITBIAIINIEIANVDINANTASUUUTIARY CFD NIANEIauTNI
glaadausg o i (a) innusiauiimmadnglusdas 0.01 mis, (b) ieussauiniagi
glusdas 0.1 mis, () Neusraniiniadiglasdan 1 mis, (d) Anrudraufivnadiglusday

10 m/s, (e) Nieusraniivnadngluadas 30 mis waz () Arusauiiviediglusda 50 mis
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1.08e-02

894603

I

@ M ..
1 59604 TA2e-03
1.35e-04

1.106-04

531603

340003 -

1.686-03 .03

arens | O47€7

1.850.03

7708

-5.580-00

740008
384005

Static pressure [Pa] Static pressure [Pa]

986601 1850402
(© W... (d) N ...
300601 1138102

9 24e-02 8668401

6.082401
3458001
8536400
17501
-4.36e+01
-6.95e=01
-1.88e+00 J -9.550+01

Static pressure [Pa] Static pressure [Pa]

oo s
(e) M.... f W...
5916402 1.70e+02

om0z 102e-03

327er02 -
620402 | 170403
1050403
S1.74e403
24303
3120003
381e03

1320003

Static pressure [Pa] Static pressure [Pa]

8510-05

6.040-05

357605

1.106-05

137608

206201

50401

802601

“1.108+00

-1.402+00

1.708+00

18902

-8 21ee01

3130102

-5 6aeen2

8158002

1072403

FUT 6 JULUUNIINTZLMIVBIAUAUTDINANITASIUUUTIA CFD firuidiauiivnadn
glusAansng o Ay (a) Aerudiauiivnadiglusday 0.01 mss, (b) iAnustauiniudiglusd
au 0.1 m/s, (o) Aenudrauniniadiglusdan 1 mss, (d) fnuisiauiiviadiglusaay 10 mis,

(e) ienuFraniimiadiglusday 30 mis uay () finnusraufiniadiglusdas 50 m/s

AnRNssUUsZNA

YDUDUAN AENAINUFIWINTRULAL TaR WnInedemalulagnsyaeunasuys N
ANHBULATIIUTUNTUAT MU UTIRINAAARNSYDILMAIIAIWIN (CFD) wagumnInendssvdy)
a sal n:‘gl/ dy A a v
gusAndfdaileanunlun1sIde
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ABSTRACT

This study aimed to investigate the management guidelines health promoting physical
exercise for employees in the workplaces by using the Delphi Technique for studying, seventeen
Health Promoting experts were asked to form their opinion on three sections. In the first section,
the open-ended questionnaires were used to identify the restricted main point. After that, every
data was synthesized in order to create a close-ended questionnaire. In the second section
these experts and administrators were asked with a close-ended questionnaire whether they
would like to confirm their prior opinion or they wanted to change their opinion. the data was
the second section was analyzed by median and interquartile range, the researcher found that:
The management guideline, for healthy promotional exercises for employees in the workplaces
consist of three parts, i.e. 1) Planning Guidelines for the promotional exercises including imposed
policies, announced policies, the board Appointments order the assign roles, the surveys and
preparation of data, Analysis of the factors that influence exercise behavior, resources support.
2) Implementing guidelines for exercise promotion, include participation, support and motivation,
health communication, creating personal skills, access to health and exercise. 3) The evaluation
guidelines for the promotional exercises for employees in the workplace including evaluation,
periodic, evaluation of the productivity gained from the implementation, evaluate the results of
implementation, evaluate the impact that has been conducted, reported and published the results.

Keywords: management guidelines, health promotion exercise, employees, workplaces, Delphi
technique
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ABSTRACT

Diabetes mellitus is a metabolic disorder caused by insufficient or inefficient insulin
secretion that is characterized by hyperglycemia. One of the therapeutic approach for decreasing
the concentration of glucose in the blood is to inhibition of carbohydrate digesting enzymes;
oa-amylase and o-glucosidase, in the gastrointestinal tract. In this research, the inhibitory effect
against the digestive a-amylase and a-glucosidase was determined by using C. sappan, F.
foveolata and E. longifolia extracts. At 0.01-1 mg/ml concentrations of ethanol extracts were
measured the activity of enzymes inhibition. Acarbose was used as the standard inhibitor. The
results showed that the a-amylase and a-glucosidase inhibitory activities of extracts were C.
sappan > F. foveolata > E. longifolia extracts, respectively. The a-amylase and a-glucosidase
with IC, of C. sappan extract was 0.08 and 0.18 mg/ml, followed by F. foveolata extract (>1 and
0.20 mg/ml) and E. longifolia (>1 and 0.45 mg/ml). These results suggest that C. sappan extract
has a potential which might be used as a functional food and nutraceutical for diabetes therapy.

Keywords: a-Amylase, a-Glucosidase, C. sappan, F. foveolata, E. longifolia

uniin

LUN9IU (Diabetes mellitus) L‘fJuTﬁm?iLﬁmmﬂmmﬁmﬂﬂﬁmmmwé’qaaﬁmuﬁuﬁau GNAG
IﬁLﬁ@ﬂwasﬁﬂmwaiuLﬁaﬂqa (Hyperglycemia) (Deutschlander et al., 2009) J330uduiugUaelsn
wvnuiuwltufivgduoshenng lemahagfistuiuswu 592 Suaulud e 2035
(Guariguata et al., 2014) vinlnipsAn1ToUNLIBlan (WHO) nszuindalaumfinand Lﬁmmﬂi{ﬂ’m
mem%Lﬁ'm{]ﬂﬁaL?%mﬁﬂﬂgimwimLL%iﬂ%’auﬁ§uLLsaﬁ'§u wu 1sAla (Heart disease) N3y
lone (Kidney failure) LLﬁ&U’]WA’]U‘%ﬂAQ@W (Diabetic retinopathy) (Pantidos et al., 2014) /NS
Snwifthelseummuiiu TnetluldiBnseuauemsuazeendidameuiumsdadugiu Tu
sefidunn wnmdarlinssnulasnslisuussmueniifinalnniseangrdlunisanvsotloaiu

nmagaduresiinianglad Wi svA1slua lundvea wazhindlua Wudu lngavesnguslunis

=4

ﬁugaﬁaﬂiimauauvl,%ﬁuaawqazlmLaa (a-amylase) LLazLL@aWWﬂQIﬂ%Lma (a-glucosidase) @
Huseulwififiunumardalunissaufitelalaslataveadldibuihmanglaa vilinisgedu
ihmanglaanndlidnddnssuaidenanas annmensiithmaludenas udlunissnulagld
sﬂumjm‘ﬁamaﬁ’uLﬁul,’smmu%ﬁﬂﬁt,ﬁmmaﬁﬁwLﬁm&iaé’ﬂ'ga W ArFuLluRY (liver toxicity)
LaZLANINNS LI NIUTE ARl USEUUNMLALB NS (adverse gastrointestinal symptoms) U 19980
sioaile ioads uazaduld Snvieiheruvmulasiewisivueiiod 2 du Feddareznainw
wisazIndudedldfensiuiunalsviinlunssnu (Gerich etal., 2001) fReLAAINA1ITVITIA
FoainsAumsiudueulmiuoanieyliea (a-amylase) wazwaarINglAZing (a-glucosidase)
MnsssunAvalmiiediuUssavsamlunsinviazaneinsthafesdlifisUssasdsosnsnie
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N9 (Ceasalpinia sappan Linn.) Huiteluned Leguminasae Jaduliduduruindn
o Y A < PxY = [ a 2 1 1 o Y Q)
asuiinununds wulsmlvluunue@ensiueenideds lagdiunng quasisgnianldidy
1 dl d‘ a o o U d‘ o o
drunaLre1shariasesny IuussmdlnednisuianlaludsuelusaiieSnerinlse
vioade lsadn lsARntle wazlalinane (Sireeratawong et al., 2010) BNYIIEINITUIEIUA VDS
phsanlglusnsuenlusasiegnagu weliiiluvindsueven uiseulu wivldeengwasedu
warilaltidueduladin ewitin wilddafou dwsinliiddend (gmudeyaayulng Ao
WndvAans unIneduguasvsil) nusenunsnwssduseneunaniivelinng Usznau
fa1susznouiuea (phenolic compound) w9y (xanthone) @mau (coumarin) ¥1alauy
(chalcones) a1l (flavones) lalulelanailiuesn (homoisoflavonoids) Lkasus@au (brazilin)
Jusiu Tngunddulussduszneunanluniueie viibiiieduwasuazgnihunUszendldduddon
\e89 (histological staining) (Bae et al., 2005) TussugnayulnsIuny vangaugnihunldlunis
Shwensiumsivaiouvedain fuusednfeu sunlinkassiuN1saNay Bnvadallgravig
Fannlunsdudaiuaiiise Aunsouldu UesiunsideNaningesiinisannuasnn antuinig
luiden Munisui Josiunsiings uazdueuyadasy (Nilesh etal., 2015) $nseiiulss (Ficus

3 A s IS [ Y 1 dy A =) goj IS 14
foveolata Wall.) .Uui%l11296 Moraceae fidnwauziulinuseides wWasndunia Iduadnenuny

€

adufivayulnsimenn wuldlumawdouazay Tusenidesvilevesuszmelng fvluana Ficus

[ 1

NN 800 anetiuglaglusmiduneunthilliinisfinwesdusenauvesansluivanail

) 2

WUESlASIneNiuaYn (triterpenoids) Waam1aaan (alkaloids) @falu (stibenes) Waliuaan
(flavonoids) Wag 7-methoxycoumarin 6'?5&Lﬁuaqﬁﬂssﬂaué’ﬁaﬁﬁwmﬂumié’uQ’jamsl,ﬁmﬁuim
YoudpsMATTALIal ansannviueansnseiiuls@ssynaudie stibenes Wwaz gnetol
annsnoengvissudianssuveneledtniiiladueanensa Saduweulsiiifunumlunsie
1smoalwiues (Sermboonpaisarn & Sawasdee, 2012) Tw‘h%’umawlwﬂwaﬁ?uwudmuimaﬁuﬁm
fnthihnsgiulsanaeundwiesuautismds vigdadin uindlesnusanig Tegesomns
(Sudarat, 2016) Uanlvawian (Eurycoma longifolia Jack) \Huieluied Simaroubaceae LHuliiduy
suadn nuldlulssmauauie Beny Tuoonidedd Fulinsinwnisesngrimandyineanuans
aanqméwm%amwwmmﬁm loA Anaduasn (quassinoids) Loan1aaun (alkaloids) Lnalalun
(glycosides) sﬁiﬂmuaa (eurycomanol) LLang;%Imﬂqu (eurycomanone) WHudu (Rashid et al.,
2009) Tnsnuiansataanuailvaiensignsnisaninldun dusnande nsgfuausionis
mae Shenlsaiunrnu Sudnsasyiulnveuaiie anld fuduiesen Sudwede uay

5¢3URIMTIANN9I8 (Rajeev & Karim, 2010; Rashid et al., 2009) si5ugnlngnutnutinvanlva
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Fenunduiuinfionefiy uwAld Funes (Sudarat, 2016) fetlusAdeilsdldinismeaaou
qvisnsdudatanssmvesoulusiuearhesluad uasueavhnglafinadeansarne fnseiiulss
wazUanlvaiiion ethufidunumslunsinungaelsaumnulusuuuuvesunmdvmaden
Tngarduauslumslayulnsangilaygyrvnthu
/N9

Feg1aNTULALETLAL

frognaity 3 vlaldudunurng wnshnssfiulss wagsndanlwaiionangnethnum
Jandomsysal ludisfeunsngiau-fueneu 2556 weanozluiaa (a-amylase from hog
pancrease) LLazLL@aWWﬂQIﬂ%Lﬂa (a-glucosidase from Saccharomyces cerevisiae) 1NUITEN
Sigma Chemical Co. (St. Louis, MO) 1‘141913‘17\@?1—LL@ﬁWW—ﬁ—ﬂQIﬂIWiﬂﬂsﬁﬁ (p-nitrophenyl-a-D-
glucopyranoside) 1NUIYN Calbiochem; Merck, Germany pYASLUA (acarbose) %amqmiﬁ'}
ﬂQIﬂLUEj (Glucobay, Bayer Pharma AG, Germany) LaV1MuUaa (ethanol absolute, AR grade) 91N
YSN Merck, Germany

NLAIYUETANAINNY

thawvosururhs ihnseiiulse warsndanlvaieninyharuazenn shududusue
Bn eulsiuwisitonmgl 60 ssmuwaiBea wiu 24 $2lua miwinsafadaedivhazansionuea
U3uns 15 fadanseio 1 nSuvestmidnuis ﬁﬂiﬂaﬁ’ﬂé’wLﬂ§QQﬂ§uL§aaﬂawu§qa (sonicator) 71
AA 80 KHz gl 40 asewalea 1uian 30 Wil 2 A%y vhmsnseaiteusnansariage
AszaunIanUed 1 thansazanefildluszmesvhasaiveandieirsesseine (evaporator) (Zu
etal., 2006) U1@15@1ABE1IMEIU (crude extracts) ﬁiéﬂﬂmaaquélﬁaﬁuégaﬁaﬂismamul%ﬂ
wearhezluaarinnuenindu 650 wlunsuazieannglating fiaueaadu 405 wluwns

nsinfanssuvesloaniasliiad (a-amylase)

msdautlaiunds 100 fadndulu 5 fadansvemlaawlntived pH 7.0 9niudy
Tazane selvifuiiguvniivies wiouasadarhe shnsediulss uazUanlvailon finnadudy
0.1-1.0 fiadnSusiefiadansuavansazaneutls 50 lulasans antuuald 5 wiiid 37 ssrmnwaides
du 5 lulasnSusefinddnsvesuearhezluaa 20 lulasans Wiluvadl 37 ssmwaled wu 15
unit niurhmngauiitede 1 luarsvemnsalelasnasin Usinms 50 lulasang uazifa
asazangleloiu 50 lulasdns dluiadmsganduuasheannlastnlpdinesiinrmeniady
650 ULULUAT (Nguyen et al., 2013)
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N153nfansIUveLeanINgLATAE (a-glucosidase)

WansanaveuveIe dhnsefiulss waztailvaiion 1 Tadnsuseliadans Usuins 20
lulasansly 100 fadluans weuneawlntnnes pH 6.9 Wuaisavaglulasida-uaani-f-
ﬂqiﬂlmﬂuisnﬁ (p-nitrophenyl-a-D-glucopyranoside) Tultifaunoanntvines pH 6.9 fifinnu
dudu 5 Gedluans Usuns 50 lulasans arnduhnsusiigungd 37 ssmwaidea uiu 5 uni
WBuansavansuearngladinauiinms 0.1 ginsediadans thlutuiigamgll 37 ssmwaidea
Huan 30 wiit shmsTarinsganausasssanlastuladine siameniadu 405 uiluwins
(Wongsa et al., 2012)

N51IA1 IC,,

Tumsmen Ic,, vesanssueulwivearozluaauazuavhnglafinaty vildlng
nswieuaududuesansaiai 0.01-1.0 dadnudefaddns wdwhnsduaiduiosay

Yosfanssueulyl wihiu [(ABS,, - ABS_ _)/ABS, ] x 100 lngldazanslua (acarbose) 1iu

sample:
AIATUANUIN
Iasgdeyanvais
¥msiasvaedy 3 o1 (mean # standard derivation) AULUTUSIU (analysis of
varience (ANOVA)) Least significant difference (LSD) Duncan multiple range test (DMRT) L8y

manuduiusvestoyalaeldilusunsuatfdsogy sPss

WNaN1INAADI

MSANARIDE1IRIBAIVINazAY

MnsanaRleg19w1e 1nseiivlss wagUanlnaienaiedvinagatsloniuea wun
asanmey uear LAz dNENUlSHNaNaRSa8aTURINTTANR (% yield) WINAU 16.75 way
16,34 puidsu Insansatmslidnvasunauiduns dauansatninsefiulssiusidneasdu
nauadinauns ansatauainafoniinandniosazvesnsaiatiosfianiiy 3.22 fdnuay

o, Y N o & o a
LUUAILIANEUINALNADY LEARIAIANTIN 1
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A191991 1 LARIENWEILNIINEATNUBIETENATRINY TnseTiulse wavUanlvalilen

dg1sanaeniuea
AN dnsegiiulss  Uanlualiden
HAKARSDEAZIRINITARR (% yield)* 16.79 + 6.25 1634+ 0.78  3.22 + 0.01
& N daauns  thenawmdes
SnwY BALLIAS BALLIAS BALLIAS
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ABSTRACT

To study of activated factors to moss ball growth and utilized moss ball treated phosphate
cause from the dead fish, the moss ball 3 centimeters in diameters were used for the experiment
of activated factors that is addition the P and K elements, CO,, Black Earth soil and the various
conductivities. The moss ball 3 inch in diameters were also used for treated phosphate cause from
the dead fish (1.2 and 8.0 g).

The result of activated factors were obtained for 15 days revealed that filling the
P-element, Black Earth soil, CO,, and adjusted conductivity as 1,700 ps/cm. could increased
diameters up to 1.3 centimeters. The phosphate reduction was found that six moss balls could
decreased phosphate as 12.1 mg/L in the extremely harmful hydrogen sulfide (3.8 mg/L) within 28
days. However it was different from the control (none moss ball), 22.53 mg/L (p<.05). In addition
under the oxygen condition moss ball was increased to absorb phosphate as 7.6 mg/L also
different from the control, 23.9 mg/L (p<.05). This result indicated that moss ball can be used for
reduced phosphate in both conditions that is high hydrogen sulfide but low oxygen and the oxygen
rich condition.

Keywords : moss ball, phosphate treatment, Cladophora aegagropila, activated factor
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ABSTRACT

The objectives of this study were to identify problems, to discover needs, and to construct
a new form of basketball. This research employed a qualitative approach. Semi-structured
interviews and document syntheses were used to collect data. There were five steps in conducting
this research: 1) Reviewing related literature on theories of basketball and guidelines in developing
a new form of basketball from sources within the country and abroad, 2) Synthesizing the data
obtained from step one to create a framework for and the specific topics asked about in the
interview (the interview was semi-structured and approved by the advisor before interviews were
conducted), 3) Selecting the sample of the study, there were two groups in the sample—the first
group consisted of 13 professional basketball players and the second group consisted of 18 people
who play basketball in the Bangkok area, 4) Interviewing the sample of the study, and 5) Analyzing
the content of the data obtained from the interviews—analyses included descriptively presenting
the results and comparing the results using a table of variables. The results of the study showed
that: (1) The problems of the current form of basketball experiencing by general players are that it
is boring (48.38%), not challenging (45.16%), and the weaker players who do not have chances
to win were discouraged (41.93%). The problems of the current form of basketball experienced by
professional players were only competing with the same players (35.48%), boring (29.05%), and
not challenging (29.05%). (2) Most general players and professional players suggested that a new
form of basket should have a hexagon court and there should be three teams playing at the same
time with each team having three players. There should be three hoops, each at standard height.
The ball used should be size 7.

Keywords: problems, guidelines in constructing a new form of basketball
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ABSTRACT

This research aims to determine an appropriate approach and develop the most suitable
route planning system to transport vaccines to Health Promoting Hospital (HPH) with shortest
amount of time. There are 8 Health Promoting Hospitals in Amphoe Wang Pong, Phetchabun
province as a case study. The research employed Bee Colony Optimization, which normally takes
about 401 minutes. This research can reduce the time it takes to transport vaccines in Amphoe
Wang Pong to only 371 minutes with the standard deviation of 2. It is thirty minutes shorter than
the usual approach or 7.42% decrease using 7.88 seconds of processing time with the standard
deviation of 0.07

Keywords: vaccines, distribution, Tambon Health Promoting Hospital, Bee Colony Optimization
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ABSTRACT

Environmental Management Project to become “Green University” is the research study
which aims to practice theories by making an environment management plan. In this case, we
selected Phranakhon Rajabhat University Community as a prototype leading community. The
research found that to become a Green University is caused by processes in the environment for
a Green University, which is based on the ranking criteria of Ul- Green Metric World University.
To implement a green university, has been considering ways to bring into action in the 6 issues
including: 1) Setting and Infrastructure: Sl 2) Energy and Climate Change 3) Waste Management
4) Water Management 5) Transportation and 6) Education for Green. In addition, management
has proposed to utilize the existing building to be even more effective, as well as offering the
building blocks in some areas to meet their full potential usefulness. This research will help
create an environment for the green university. Also encourages people as well as staffs faculty,
students, lectures and other people who use the area of the realization to cooperate to create an
environment in which lasting benefits in terms of social, economic and cultural development for
our community in the future.

Keywords: Environment Management, Green University, Sustainable development
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ABSTRACT

Although iron ore could be found in several sources of Thailand, the trace of civilization
of iron ore utilization was found at the source of iron ore in Ban Nam Phi located at Thong Saen
Khan District in Uttaradit Province, whereas, Nam Phi steel has been smelted since the past to
present. In addition, there were some traces found from an old kiln that was built for over 100 years
and found at Ban Nam Phi that such method was the traditional local wisdom of villagers started
from mining to ore dressing, ore smelting, ore forming by forging, and producing products that are
the uniqueness of Nam Phi Ironsmith Family that is still produced in the local area. Such process
was the production of products made of Nam Phi steel with methodology, process, and forming of
smelted Nam Phi steel as products. To study on this type of steel, scholars have conducted field
studies in the area of Ban Nam Phi in order to test Nam Phi steel with engineering methodology.
Consequently, we could perceive inheritance of characteristics of excellent and sustainable steel
production of Thailand. Local wisdom of ironsmith and scientific testing used in the research
enabled us to perceive quality of Nam Phi iron ore while ore smelting and engineering testing
enabled us to perceive properties of good Nam Phi steel from the past to present.

Keywords: Nam Phi iron ore, Nam Phi steel smelting, Nam Phi steel product, Nam Phi Ironsmith
Family

INTRODUCTION

In the past, humans learned to utilize existing materials for their living as evident in
excavation of civilizations from pre-historic period to Stone Age, Metal Age, and historical period
(Fine Arts Department, 2002). Each period had duration as the important factor causing civilization
changing of each period, for example, in Metal Age, humans learned to utilize bronze for producing
tools, jewelry, and appliances for hunting and living. Such bronze was generated by mixing and
melting copper and tin together. This kind of bronze production has been conducted for over
2,500-4,000 years (Chantorn, 2016) In Iron Age, humans learned to smelt iron ore with higher
temperature than that used in Bronze Age. In such age, iron was tested by several methods and
found that iron ore was harder than bronze for using. Consequently, iron ore has been utilized
since 1,500-2,500 years ago (Chantorn, 2016).

There were several sources in Thailand that iron ore could be found. However, the trace
of civilization of iron ore utilization was found at the source of iron ore in Ban Nam Phi located at
Thong Saen Khan District in Uttaradit Province, whereas, Nam Phi steel has been smelted since
the past to present. In addition, there were some traces found from an old kiln that was built for
over 100 years and found at Ban Nam Phi that such method was the traditional local wisdom of
villagers started from mining to ore dressing, ore smelting, ore forming by forging, and producing
products that are the uniqueness of Nam Phi Ironsmith Family. To study on this type of steel, some
researchers have conducted field studies in the area of Ban Nam Phi in order to test Nam Phi steel
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with engineering methodology. Consequently, we could perceive inheritance of characteristics of
excellent and sustainable steel production of Thailand.

There were several types of iron ore that were found and each type of them gave
different percentage of iron upon its type. There were some scholars classifying types of iron ore
as follows: Magnetite (Chemical Formula: Fe, O,), Limonite (Chemical Formula: Fe, O,nH,0),
Pyrite (Chemical Formula: Fe,S, ), Siderite (Chemical Formula: FeCO, ). In addition, the iron ore
of Nam Phi steel that was classified as Hematite was also found in Ban Nam Phi with chemical
formula of Fe,O, that was consistent with a research conducted in 2016 (Phuk-in, 2016) by testing
Nam Phi iron ore from 2 sources at Office of Primary Industries and Mines, Region 3. Those 2
sources of Nam Phi iron ore were consisted of Bor Lek Nam Phi Museum (Figure 1 (a.)) that
is currently prohibited from mining conducted by any general people and entrepreneur (due to
conservation of Uttaradit Province. Percentage of Nam Phi iron ore found in this area was 61.85%.
Another source was current mining area located behind the museum (Figure 1 (b.)) for producing
Nam Phi steel products. Percentage of Nam Phi iron ore found in this area was 59.06%. Iron ore
from both sources provided slightly different percentage. In addition, some traces of mining in
the past were also found in the museum, i.e. Bor Phra Saeng and Bor Phra Khan that have been
studied further upon inherited recital and found that they were the sources of iron ore for smelting
and making swords for offering to the kings in ancient time.

B

a. Museum area Nam Phi b. Nam Phiiron ore
Figure 1 Museum area Nam Phi

CONTENT

Utilization of ore by mining with local tools, ore dressing performed by cleansing, ore
crushing and ore sorting performed for sorting good quality ore for smelting as show in Figure 2.

Figure 2 Nam Phi Iron Ore Sources, Crushing, and Dressing
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NAM PHI STEEL SMELTING

In European countries, high kilns were preferred for ore smelting and fuel used in such
smelting was Coke and Limestone causing high temperature (Steel Smelting, 2016), Consequently,
steel can be melted yielding Pig Iron, slag and gas. The obtained Pig Iron is improved by using
small but high efficient kiln, for example, Cupola furnace, Bessemer furnace, etc. The properties
of good steel were based on each job description, for example, steel used for manufacturing
industrial tools, Chromium (Cr), special alloy steel (Max Steel Company Limited, 2016)

In the past, Nam Phi iron ore was smelted by using kilns made of clay mixed with other
local materials that could be found from a cylinder kiln found in the area with the dimension of
60 centimeters wide and 80 centimeters tall. It was operated by using air pressure caused by
compressing air in 1-2 cylinder objects and air pressure was generated by human labors as shown
in Figure 3.

Figure 3 Devices for Generating Air Pressure used in Nam Phi Steel Smelting

To smelt such Nam Phi steel, human labors play such an important role. Based on the
researches conducted in 2015 on Investigation of Nam Phi Steel Production Process in the Past
and Present for Finding Mechanic Properties of Nam Phi Steel (Phuk-in, 2015) and Logistic Costs
of Entrepreneurs of Nam Phi Steel Products for the Trading Route of Luang Prabang, the World
Heritage (Phuk-in, 2015) the traces of iron ore smelting performed by using kilns for smelting
slag and some old iron ore were found in the area in large amount. (Research on Logistic Costs
of Entrepreneurs of Nam Phi Steel Products for the Trading Route of Luang Prabang, the World
Heritage) as shown in  Figure 4.

B. Slag and Old Pig Iron
Figure 4 Old Kilns and Nam Phi Pig Iron
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Accordingly, Nam Phi Village has been considered as the largest and best iron ore
smelting since the past to present time. Therefore, it is possible that this village has been the
place for forging and forming Nam Phi steel as the products used in living, weapons, or even
transporting smelted Nam Phi steel to other provinces or capitals for producing tools, device, and
weapons since ancient time.

Currently, Nam Phi steel smelting is conducted by using kiln developed by the research
conducted by (Jutilapthaworn, 2009) and Nam Phi Steel Swords Community Enterprise Group as
shown in Figure 5. To develop kiln to be suitable for smelting Nam Phi steel, site conditions and
fuel are important enabling production of Nam Phi steel products to be produced continuously.
According to inherited local wisdom and wisdom of Nam Phi Ironsmith Family, Nam Phi steel has
had good quality in several kinds of operation.

Figure 5 Current Nam Phi Iron Ore Smelting

Smelted Nam Phi yields Pig Iron as same as that smelted by high kiln in other countries
but its quantity may be smaller than that smelted by kiln of Ban Nam Phi yielding 2-5 kilograms per
smelting (Phuk-in, 2015). The obtained Pig Iron is processed and forged by human labors to gain
the stick of Pig Iron as shown in Figure 6.

Figure 6 Pig Iron Forging and Forming by Human Labors
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UTILIZATION OF NAM PHI STEEL

To utilize Nam Phi steel, since the quantity of produced Nam Phi steel is smaller than
that of general industrial sector, its production is sufficient for producing Nam Phi steel products
only yielding the value of distribution over 4 million baht per year (Phuk-in, 2015) Before being
improved on its properties and production of products based on the research on Development
of Nam Phi Steel Quality from Newly Smelted Nam Phi Steel (2016), it was found that Nam
Phi steel is consisted of 98.8% of iron (Fe), 0.941% of Carbon (C), 0.0143% of Silicon (Si),
0.0021% of Manganese (Mn), 0.0132% of Phosphorus (P), 0.0063% of Sulphur (S), 0.00030%
of Chromium (Cr), 0.0027% of Molybdenum (Mo), 0.0032% of Nickel (Ni), 0.0060% of Aluminum
(Al), 0.0066% of Cobolt (Co), 0.0486% of Copper (Cu), 0.0074% of Titanium (Ti), 0.0002% of
Vanadium (V), 0.0047% of Tungsten (W), 0.0040 of Lead (Pb), 0.00094% of Tin (Sn), 0.0002%
of Niobium (Nb), 0.00062% of Magnesium (Mg), 0.080% of Arsenic (As), 0.00037% of Zirconium
(Zr), 0.0066% of Bismuth (Bi), 0.0060% of Calcium (Ca), 0.00082% of Cerium (Ce), 0.00040%
of Antimony (Sb), 0.0237% of Selenium (Se), 0.0008% of Tellurium (Te), 0.0001% of Boron (B),
0.0139% of Nitrogen (N). This is the test of Nam Phi steel before producing any product of the
community. In this research, mineral content was tested by using Spectrometer Optic yielding
information on properties of Nam Phi steel that were consisted of the researches conducted by
(Taengjuang, 2006) and that conducted by (Jutilapthaworn, 2009) as well as that conducted by
(Watcharathawornsaand, Puk-in, 2015) studying on mixed mineral content in Nam Phi steel before
producing any product and improvement of properties through metallurgical methods of Nam Phi
[ronsmith Family.

Formerly, utilization of Nam Phi steel products was producing some devices and tools
for Agriculture and weapons For wars through forging and forming performed by human labors
with expertise on improving iron to be steel. Based on the investigation of a research (Puuk-in,
2015), such method used kiln for heating and melting iron until it was able to be forged and formed.
Subsequently, it was added with Carbon (C) by using charcoal that was used as fuel for heating
and forging. Improvement of properties performed by coating after forging caused Nam Phi steel
to be harder with toughness that was consistent with metal coating performed in the research
on Nam Phi Steel Engineering Test for Comparing Properties of Nam Phi Steel and Hardened
Steel (2014). In improving hardening property of Nam Phi steel (Phuk-in, 2014), it was found that
Nam Phi steel was consisted of Carbon (C) that was increased by 1.14 times approximately. In
addition, such method also required expertise of Nam Phi Ironsmith Family that has been inherited
up till now as shown in Figure 7.

Figure 7 Nam Phi Products of Nam Phi Ironsmith Family



Phranakhon Rajabhat Research Journal (Science and Technology)

Vol.12 No.1 (January - June 2017) 125

Figure 7 illustrated Nam Phi steel products of Nam Phi Ironsmith Family inheriting
characteristics, method of good properties improvement that met with metallurgical theories on
hardening. However, in the actual operation, toughness and hardness should be integrated due to
vibration occurred from using that may break such metal.

IMPROVEMENT OF STEEL PROPERTIES

Improvement of steel's properties in modern industry is smelting Pig Iron in small kiln
such as Bessemer Furnace and Induction Heating, to be efficient in smelting iron with sulfur
(FeS). Subsequently, it was compressed with oxygen by spraying oxy gen in the kiln for reacting
with sulfur yielding SO, (Sulfur Dioxide) and oxide steel that was consistent with the research
conducted by (Fu et al, 2016) who studied on steel smelting in kiln. Consequently, temperature for
smelting good quality steel could be perceived.

In ancient time, improvement of Nam Phi steel’s properties improved toughness of ore
(obtained from percentage of Carbon). If steel was hard in the beginning of smelting, frequent
forging and heating would increase Carbon but it required expertise of forger.

Faidra Tzika et al. (2016) designed ®Co in cast steel test for comparing with ®°Co and
(Peters, B., Hoffmann, F., 2016) studied on ore smelting and estimation of smelting methods in
kiln with high temperature causing several types of gas in kiln as same as that of Nam Phi steel
smelted in kiln. In addition, its properties were also improved by using metallurgical methods as
same as that done in the field study on investigation of properties of Nam Phi steel generated by
Nam Phi Ironsmith Family. Whereas, Nam Phi steel was tested by various methods, i.e. Vickers
Hardness Test, and Mixed Mineral Finding as follows.

Vickers Hardness Test was conducted with 6 work pieces of Nam Phi steel before
properties improvement, it was found that work piece with the highest level of hardness was work
piece No. 01006 with maximum hardness of 186 HV and hardness after coating of 305 HV. For
design of smelting of Nam Phi steel obtained from ore smelting, the obtained quantity of Nam
Phi steel was 15 kilograms and this research was cooperated with some experts of Faculty of
Metallurgical Engineering of Suranaree University of Technology, to improve properties of Nam
Phi steel by adding some important minerals while the melting temperature of Nam Phi steel was
ranged from 1,700 - 2,000 Degrees Celsius. The main minerals added in Nam Phi steel were 2%
of Carbon based on its weight and 0.5% of molybdenum based on its weight in order to improve
the property of anti-corrosion. According to the results of improvement of properties, it was found
that it was consisted of: 95.3% of iron (Fe), 3.86% of Carbon ©, 0.00013% of Silicon (Si), 0.0127%
of Manganese (Mn), 0.0447% of Phosphorus (P), 0.0447% of Sulphur (S), 0.0452% of Chromium
(Cr), 0.0743% of Molybdenum (Mo), 0.141% of Nickel (Ni), 0.0032% of Aluminum (Al), 0.0157%
of Cobolt (Co), 0.266% of Copper (Cu), 0.0080% of Titanium (Ti), 0.0011% of Vanadium (V),
0.0069% of Tungsten (W), 0.0054 of Lead (Pb), 0.00018% of Tin (Sn), 0.0002% of Niobium (Nb),
0.0001% of Magnesium (Mg), 0.080% of Arsenic (As), 0.00093% of Zirconium (Zr), 0.0099% of
Bismuth (Bi), 0.0060% of Calcium (Ca), 0.0493% of Cerium (Ce), 0.0004% of Antimony (Sb),
0.0008% of Tellurium (Te), 0.0001% of Boron (B), 0.0146% of Nitrogen (N).

Properties of Nam Phi steel studied in this research were able to be improved to be
equal to industrial steel and general steel. However, there is currently no source of Nam Phi steel
for industry in the area and it is only produced for responding to demands of people demanding to
conserve Nam Phi steel and Nam Phi steel products only. However, in the future, steel smelting
for industry may be occurred soon.

There are many steel standards such as JIS, ASTM and TISI standard which concern
about mechanical requirement, tensile strength, yield strength, elongation, and chemical
composition requirements, etc. However, There is no valid comparison standard between Nam
Phi steel and Industrial or Structural steel. Therefore, further study and testing of Nam Phi steel is
needed for these standards comparison.
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Comparison on Improvement of Properties of Nam Phi Steel for Representing Good
Characteristics of Nam Phi Steel that could be Improved Equally to Those of Steel Used in Industrial
Sectorthatwas Consistentwith the Researches of some Scholars was shownin Comparison Table 1.

Table 1 Comparison on Properties obtained from Field Test

Researchers Name/ Testing Methods Test Results before Improving Test Results after
Year Properties Improving Properties
(Taengjuang, 2006) Study on Elements of Nam Consisted of Iron ranged from 70 - -
Phi Steel's minerals 99% and over
Physical Properties of Nam From the test on micro structure, it -
Phi Steel was found that it was mostly mixed

phase between ferrite and perlite.
Micro Vickers Hardness Test  Average hardness was ranged -

(HMV) from 19 - 327 (HMV)

(Jutilapthaworn, 2009) Research on Smelting Test hardness prior hardening at Test hardness after
Methods of Nam Phi Steel 29.58 HRC hardeningat 64.34
and Development of Kiln of HRC
Nam Phi Steel

(Puk-in, 2015) Study on Nam Phi Steel from Nam Phi steel classified as -

Current Mining Site hematie was found with chemical
formula of Fe,O,
(Puk-in. 2016) Vickers Hardness Test (HV)  Hardness before hardening was Hardness after
186 HV hardening was 305 HV
Design of Nam Phi Steel Contained 0.941% of Carbon (C) Contained 3.86% of
Smelting for Improving Carbon (C)
properties by adding mixed
minerals
CONCLUSIONS

Utilization of current Nam Phi steel is conservation of civilization of Nam Phi steel
production that has been inherited through Nam phi Ironsmith Family who have knowledge on
mining, ore smelting, and metallurgical works. Based on researches f several scholars, it was
found that the properties of Nam Phi steel were equal to those of iron ore generally found in this
world. In addition, Nam Phi steel was also consisted of smelting, forging, forming, and improvement
of metallurgical properties. Moreover, some areas have been studied continuously. Improvement
of these properties of Nam Phi steel could be performed through new smelting as well as that of
general steel industry. Improvement of any property must be based on job description, for example,
anti-corrosion, steel with high carbon content, etc. As a result, Nam Phi steel is considered as the
legend of iron and sustainable hope of metallurgical industry of Thai people with belief and legend
along with long-term inheritance of ironsmith family from the past to present.
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