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Abstract

Recently, business enterprises and large organizations worldwide have been migrating their core IT business
operations, which once running on premise, to host on cloud platforms in order to reduce cost of ownership and
increase return on investment. However, running application on cloud with optimum cost is not as simple as ones’
thought because of several factors. One major factor which is the focus of this paper is how to selecting and
implementing the efficient algorithms especially the frequently used such as hash algorithms which are part of user
registration and authentication functionalities. For this reason, the author has setup the experiment on comparing
various hash algorithms in term of execution speed. As a result of this experiment, any developers would readily adopt

it as part of development process in no time.

Keywords: cloud application, hash algorithm, SHA-1, SHA-256, SHA-512, RIPEMD-160
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»  m3lFau Hash algorithm Sithnansnaniiie
llunsarseuanugndasastiondna (Value checking)
BIMIATIEEUAINNTA Suunoantin 2 anwmsde

B NIATIRARBUMILA WVBITEANNIILATAR
(Modification Detection Code) LHun13111an daau
Wwansrw WHerFuuuy Hash @9azldanswanadns
lasanassldTsdansmansanniudaniny L'ﬁ'aﬁ;ﬁmﬂ@i’
ﬁwmsﬁga}ﬁmmgﬂﬁaﬂ@yﬂ'ﬁﬁnmiaﬂmw?ivl@i’%u"l,ﬂ
HAUNITTULUL Hash S9winuasnsilaasemmuiidn
m‘%'aqﬁuﬁu’h‘*ﬁamwué’aﬂﬁmmmnﬁumw’%ol,l,azvlaivlﬁgﬂ
dautasunlalag

s nIaTeIRaRigaRtenlny (Message
Authentication Code) #&1¢iun13vinau lnaldediu MDC
uAthLaTRENAaNT (Hash Result) luruwnsidrsdauuy
8ANNIAT (Asymmetric encryption) S8NQUAIFIUG?
(private key) VDIE& Weshadumedatedidnnseiing
(Digital Signature) LLazLﬁapﬁuﬂmﬂma l@5udaniny
AdTannuimlnin Hefduuuy Hash ialladn
SHAHAANS Mnswinmsneasiaanofioda iinnsefing
FRHNYUITINTME (public key) maq;jdmﬁaﬁ’]v[ﬂl,ﬂ%s_lu
VABUAUITAE HAANTAINLALUARALEAIINTaANNAS
R RPERERTE AL AR el kR il R Thi] ladauas

SHA-1

Hudanasiufiinsinnuuuuissiuieni
Lﬁm‘ﬁ'mmin%fuﬁagaLﬁwﬁﬁmmmm g tarhmsty
daBya (compression) Fawa Swivasmyinaweniy
Fanmufidos uia (digested message) Adwwiansfi 160 fn
20 %) Tmsvnauutiseanilu 2 Tunan do Maessums
(pre-processing) LANNIANWITH A1 hash (hash computation)
&34l (3NN SHA-2 Standard®)
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Aani 1 maeSpunslasudsdayaidiean
\ugaq az (block) 2wia 512 in I@U‘*ﬁayaqﬂq@ﬁwmz
fimadududerneg Gamaduezlddnusndn 1 fResdn
Goahduszaadsdniilu 0 U Song auninecd
WAL 448 TN N Lﬁ'uﬁagammﬂ 64 dnsayne
Sl,u“ﬁa;ila‘*g@q@ e Gfdl,ﬂuﬂ'numwad*ﬁa;&aﬁﬁ ooy
W Rawennnnii 2% AazldaanuaInanis swadaya
aae 2% auﬁﬂﬁ*’ﬁaua"g@q@ﬁm fJawe 512 On (448
+64) muauﬂumauﬂ

ADRT 2

ﬁumaumiﬁwmm@hhashﬁmmniaga"g@LLin
auﬁd‘q@q@ﬁ’lmﬂuﬁwé’uiﬂmfiaﬂszu’mma*’ﬁagal,l,@iaz“g@
Lﬁumﬁ 5 9zdasduininen hash & d9ldunanms
FMIUNINTUATING £ (ed) TINNUAT W (message
schedule) Tapsnansautisaaniin 4 Tusasldasil

1) Amnadanlavas W, (t Aesdrduvaisau

W, =B, 0<e<15
W, =ROTL*(W,_; @ W, ®W._,, ®W,_..),
16 €t<7
WILIAG: ROTE(x) AanInyuin (rotate)
289 x Wnstrodmin y On

2) L@%wﬁayauazﬁdﬁfuﬁﬁhﬂu laufrua
AGudulunsdiwinsium 5 @ (abcde) laglden
hash 3nsaufeurind &= e # (e =H e = )
SNIWIEULINAY MRUARSuGuGHAe

H;

67452301, H? = EFCDABES,,,

H;

S8BADCFE,,  HI = 10325476,

H? = C3D2E1F0,,

4
anen K. awia 32 On
K, =54827999,, 1@ 0 < ¢ < 19,
K, = €ED9EBAL,, L4 20 < ¢ < 39,
K, = 8F1BBCDG, L3I0 40 < ¢ < 59, K, = CA62C1D6,,
4
W eo<e<7s
o R o X
WINTUATING £ibe.d) G9%h
(bac)vibad), 0<e <19
(b@c@d), 20<¢<39

(bacde(bad)@(cnd), 40 <t €59
(t®c@d), €60<t<79

filb,c,d) =

3) IMIMwILULINE 80 38U (¢ - [0...79])
T = ROTL*(a) + fi(b.c,d) +e + K, + W,

e =d d=c, c=ROTL*(b), b=a, a=T
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4) dwrmsdnhashteyarailaqiiu Hy autls Hi

Tasn1IUINLUL modulo-32 G98UNT ¢ Ll

Hi=a+H 7 H,=b+H H.=c+H;™

H=d+H 7 H =e+H*

Falad1urnednhash 2899848 TAFAYNY

=3 =3 L2 =3 = o v 1 o =

1839 nazlddn B D9 27 391837960 hash HadL39
(output) Aa B=mz I & 1B 1 &I E; 1y || Aansiianan

B89 dann

SHA-256 ttay SHA-512

LudanaSnauuuuRanTw ﬁﬂmmamﬁgnﬁ@ Atk
o lFuuny SHA1 ﬁﬂa@ﬁ‘uwmﬂ&i Uaaansan
m3lau@ene pre-image attack SwSUMIvhinuas SHA-256
uaz SHA-512 azlimsiiudadays lavlinadiwiueims
vnudludaamnudidesuifidawmandiae 256 in 32 luri)
#1150 SHA-256 uaz 512 dn (64 1u¥i) dwTu SHA-512
Famm3 vnemiiaeniiln 2 Tuaawnianiu SHA1 da
MILA3UMIUAT M3ANWITAeNhash Gil (370 S. Wan-
zhong et al.”llaz SHA-2 Standard®)

¢ 4

Anaawi 1

wistayaiineanidurads SHA-256 udazya
a:luma 512 In &7 SHA-512 udazgaiz Juuwa 1024 in
Iﬂﬂ*’ﬁa;&amq@ﬁwwaaﬁq gasrhavzdmaduindaring
A & a a A AL & a A
WY F9nTan azSuandnusnlas Sandu 1 wWoedn
a & v a A« A : a
W@ wihdsuazauaedniidu 0 ludes 9 aunin 2l
YWIALYINNY 448 O (SHA-256) w3 896 Iin (SHA-512)
NnuwANTaYaIUIa 64 In (SHA-256) e 128 in
(SHA-512) siavne ‘Lwﬁagaqﬂq@ﬁw Faduanuevad
Taya vih (fdeyaihTawaannndi 2% dnlunsdil SHA-256

128

%30 2 In §nSU SHA-512 Nazlt ALABUDINARIT

Inatayadie 2% wia 2%

anuddv) aurh lhdayata
garhodiawa 512 On (448+64) & TU SHA-256 730

1024 1in (896+128) fwiL SHA-512 tnllaunuya du9

PAADRA 2

N1IANWITUAN hash L'%'m]'mﬁaua“nmnmmﬁa 70
a@mmﬂum@u I@muaﬂsvmawamaumm AETA LTUTA
i 5 desduImmndn hash & snavl@mmﬂmsmmm
WINTURNLAY 2.2 TINNUA W lassansoutseanidu
4 usogleaait
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1) Avnaiaunluvas w (t Aosduassaud

nludud 3)

SHA-256:

W, =B, 0<t<15

W, = a3 (W) + Wi, + 2% (We-s0) + Wiy,

16 <t < 63

lag

2% =
ROTRY(x) @ ROTR*(x) @ SHR*'(x)
@ =
ROTR’(x) @ ROTR*®(x) @ SHR*(x)
SHA-512:
W, =B, &0<t<15
W, =02 (Wi-p) + Wi, + a2 (Woe) + Wiy,
16 <t <79
W, =B, 0<t<15

W, =02 (Wi-p) + Wiy + 027 (Woe) + Wiose,

16 <t <79

law

oi* = ROTR*(x) @ ROTR® (x) @ SHR*(x)

o5 = ROTR*(x) @ ROTR*(x) @ SHR (x)

LR REIVIGE

ROTR(x) ﬁamwuquﬁn (rotate) V84 x 11N
PIITWIN y TN URS sHR?(x) Aonsidandn (shift) 1a9 x
1uns admauy On

2) L@f%uuﬁagmmzﬁuﬁ%'uﬁaﬁ%ﬂu Talden 5w

dulumaduimdiuiu 8 é1 (ab,cde, f,g,h) SAuNLA
hash 9nsaunauwwinit &= aufly &7 (a=# 0= 57)
N JOULINITAMUASUGuTIHAe

SHA-256:

H? = 6a09e667,, H? = bb67ae85,,,

H? = 3c6ef372,, H? = a54ff53a,,

Hf = SlOeSZ?f:,,H: = 9b05688¢c,,,

H] = 9b05688c¢,,, H = 5belcd19,,

SHA-512:

H = cbbb9d5dc1059¢d8,,,

H:’ = 629a292a367¢cd507,,,

H? = 9159015a3070d417,,,

H?

152fecd8f7065939,.,

H? = 67332667ffc00b31,,,
H? = 8¢b44a8768581511,,,

H] = db0c2e0d64f98fa7,,,

)
I

47b5481dbefadfad,,
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f1A9f &7 auna 32 9N $1I% 64 @1 N6
SHA-256 (Figure 1)

f1A9R K27 auna 64 ON $193% 80 A1 N3EL
SHA-512 (Figure 2)

WINTUATING

Ch(x,y.2), Maj(x,y,2), Z,(x), Z,(x) ﬁx‘]ﬁ

Chix,y,2) = (xAy) ® (£A2)

Maj(x,y,2) = (xAy)@ (xAz) @ (yAz)

SHA-256:

I.(x) =ROTR*(x) ® ROTR*(x) ® ROTR*(x)

I.,(x) = ROTR®(x) ® ROTR*(x) @ ROTR™(x)

SHA-512:

I.(x) =ROTR™(x)® ROTR*(x) ® ROTR*(x)

I.(x)= ROTR*(x) ® ROTR*(x) ® ROTR*(x)

3) YMsfWIBLULIWEN 64 01 (SHA-256 |

¢~ [0...63]) 439 80 50U (SHA-512 | £~ [0...79])
T.=h+I,(e) +Ch(ef @) +K. +W,,
T: = Z.(a) + Maj(b,c,d),
h=g,g=ff=e,e =d+T,d=c,c=bb=a
a=T,+T;

4) fuwrmAn hash Tayarailagi H AW HL
1@8NNTLINLLL modulo-32 (SHA-256) #3a modulo-64
(SHA-512) dsaumsaialuil

H:i=a+H 3 H.=b+H H.=c+H.,
Ho=d+H ™ H e+ HT H = f +H™,
Hi=g+HLH =h+H™

o '

FafuIuen hash mm‘*ﬁayamq@ﬁw

a
~ =3 v =3 = ] v 1 o =
LEIANATLAAT HZ DI AT 39UI0IRINAN hash WRFELIT
H=HZ | H? || H7 || HZ | B | H7 || BZ | B?

RIPEMD-160

& > a o € A a d' Qs %

(HudanasnunsiFunan e nlasunis waw
@#a91ndanasny RIPEMD tilasaa8 RIPEMD tduiinsu
Auadau1Innia collision lalapdng &§unitaniain
SNWIUTNT ﬁwmu‘ﬁgﬂaammumiﬁﬁmﬁwmmﬁmﬁ Te)
AuAUFaNa3NuTHa MD4 ud RIPEMD-160 lasuniy
Uudysdssaninmwmlwsansountymasmanla lusu

myvhanwsSudayaid awadi g uiliainiidudanna

' '
A v =3

Neipaua? TW19AIN 160 On FUuaann1I¥ni 2 811
9 NILEIBNNITHATNNTANWIMAThash LT LREINY
aanaINuThadng (310 H. Dobbertin et al.® uay

A. Bosselaers®)
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¢ 4

Anaann 1

m_iﬁaymiwaamﬂuqmmﬂ 512 dnlagda ua
°1qmqﬂﬁwmzﬁmnﬁuﬁﬂmﬁﬁmﬁu F3ny venazlidn

I = a a 1 g: £ a lil |

wsmtdu 1 Wssdn@snrinnueas anersinfide 0
111508 9 aunazfivmna winiu 448 Gin nntiwRudaya
PUq 64 dnaanie Elwﬁaagaq@q@ﬁws’fmﬂuﬂmuﬂ'n
vastoyaidn (hdeyarthfizwainnnii 2% fn fezlden
iBIHaTnTIIaTayade 2*) aurlddayatasarie
e 512 (448+64) fin nilaununadueg

¥ 4 )

AAaNN 2

NIIAIBIUAT hash L'%umnﬁauammmuﬁa
ma@mmﬂumﬂu ‘[@muaﬂmmamamam AR L
°IJ@WI B 3TAaIANWITAAIAN hash Aa & smvlmmmﬂm's
fwIh WIRTU £(bcd), £ (bod.R,, R, T2unU6N W A
w lapanantoudsaaniile 4 9w dagldesi

1) fuuadeunluves W uaz w (t fodeu vad
sauvihludun 3)

W, = B Li"ia 0<t<15
W=E 1o

7,4,13,1,10,6,15,3,12,0,9,5,2,14,11,8),16 <t < 31
[3,10,14,4,9,15,8,1,2,7,0,6,13,11,5,12],32 < t £ 47
[1,9,11,10,0,8,12,4,13,3,7,15,14,5,6,2],48 < ¢t < €3

4,0,5,9,7,12,2,10,14,1,3,8,11,6,15,13],64 <t < 79

u[16..79] =

W =5 1fe

[5,14,7,0,9,2,11,4,13,6,15,8,1,10,3,12],0 <t < 15

[5,14,7,0,9,2,11,4,13,6,15,8,1,10,3,12], 16 <t < 31
[15,5,1,3,7,14,6,9,11,8,12,2,10,0,4,13],32 < t < 47
[8,6,4,1,3,11,15,0,5,12,2,13,9,7,10,14], 48 < t < 63
[12,15,10,4,1,5,8,7,6,2,13,14,0,3,9,11],64 < t < 79

u[0..79] =

'
o

2) asndayaussiandunisuiu lasmnua
aisudulumsdwas w5 6 § 2 70A8 (a,b,c.d.e) Uaz
@b.c.d.e) I@m’%méﬁé’u Ist6in hash 9nTaurauwinil
HT quile B maaa*’m (a=H™ e =H™ 0 = H™, .6 =HTY)

BN HIaULINITA R UAAN SN duasiiAe
H? = 67452301, HP = EFCDABES,,

H] = 98BADCFE,, H; = 10325476,

H? = C3D2E1F0,,
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ANn9n K. e & 2u1e 32 dn

K. =0, Lfia 0<t<15, K, =5482799,, Lfia 16 £t <31,
K, = 6EDSEBAL, Lfia 32 <t < 47, K, = 8F1BBCDC;, Lfia 48<t <63
K, = ASS3FD4E, Li}p 64 < ¢ < 79, K. = S04285E6,, |§1D 0 < ¢ < 15
K. =5C4DD124,, Lfia 16 £t < 31, K, = 6D703EF3,, Lfia 32<Lt<47

= 746D76E3;, Lila 48 <t <63, K{ =04 o esce<rs

Wardunyuin z.z;
R, = ROTI*H(x) b8D t WAz u Aenaedt

[11,14,15,12,5,8,7,9,11,13,14,15,6,7,9,8],0< ¢t < 15

[7.6,8,13,11,9,7,15,7,12,15,9,11,7,13,12],16 < ¢ < 31
[11,13,6,7,14,9,13,15,14,8,13,6,5,12,7,5],32 < ¢ < 47
[11,12,14,15,14,15,9,8,9,14,5,6,8,6,5,12],48 <t < 63
[9,15,5,11,6,8,13,12,5,12,13,14,11,8,5,6),64 <t < 79

u[0..79] =

RL=ROT*H(x) \{jp t uaz u Aenaedt

[8,9,9,11,13,15,15,5,7,7,8,11,14,14,12,6],0<t < 15
[9,13,15,7,12,8,9,11,7,7,12,7,6,15,13,11],16 < ¢ < 31
[3.7,15,11,8,6,6,14,12,13,5,14,13,13,7,5],32 <t < 47
[15,5,8,11,14,14,6,14,6,9,12,9,12,5,15,8),48 <t < 63
[8,5,12,9,12,5,14,6,8,13,6,5,15,13,11,11],64 <t < 79

u[0..79] =

Warduasang £lbed, £b.ed) §gd

(b@c@®d),0<t<15
(bAc)v(bAd),16< < 31
(bve)®@d,32<t<47
(bAc)V(cnd),48 <t < 63
b@(c@®d),64<c <79
b@(c@d),0<t <15
(bac)viend),16<t <31
(bvd@d,32<t <47
(bAc)v(bad), 4B <t <63
(b@c@d),64<t <79

fb.c.d) =

fi(bed) =

3) M IMULULIWEN 80 vau (¢ = [0...78])

T=Rla+filbed) +K.+W,)+e,a=¢,
e =d, d =ROTL*(c),

c=bb=T
T'=Ra+f (b, d)+K +W )+¢,
a' =¢,¢ =d,d =ROTL*®("),
c=bb =T
4) dwrnuen hash Toyayadagiinv = w9 &

TABMSUINUUY modulo-32 d9aunsaallit

T=H '+c+d H=H 7 +d+¢,

Hi=H+e+d H=H *+a+b,

Hi=H T +b+c H: =T

=

Falodwimdn hash vestayazagaring

L&39 ﬂﬁ]wvl,(ﬂﬂ’l H Q19 H 29 0183961 hash Wad L9
HI | BT | B || H7 || 5
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428a2£f98
d807aa%8
=24%b69cl
983e5152
27b70a85
aZbfeBal
1%a4clle
T48f82ese

71374491
12835b01
efbe4786
aB83lcéeed
2el1b2138
aBlacéeéb
1le376c08
78a5€636f

428a2f98d728ae22
3956c25b£f348b538
d807aa%8a3030242
72be5d74£f27b83%6f
€495b69clSefl4ad2
2de92c6£592b0275
983e5152ee66dfab
c6e00bf33da88fc2
27b70a8546d22ffc
€50a73548bafé3de
al2bfeB8ald4cfl10364
dl152e819d6e£f5218
1%a4cl16b8d2d0c8
391c0cb3c5c95a63
748f82eeS5defb2fc
S0befffa23631e28
ca273eceeaZ66l5c
0ef067aa72176fba
28db77£523047d4d84
4ccSd4becb3e42b6

bS5c0fbcf
243185be
0fcl9dcé
b00327c8
4d2cedfc
c24b8b70
2748774c
54c87814

e9b5dbab
550c7dc3
240calcc
b£597fc7
53380d13
c76c51la3
34b0bcb5S
8cc70208

3956c25b
T72bes5d74
2de92cef
c6e00b£f3
650a7354
dl92e819
391c0cb3
90befffa

59£f111f1
80deblfe
4a74B84aa
d5a79147
766alabb
de990624
4edBaada
a4506ceb

Figure 1 32-Bit Constants for SHA-256

7137449123ef65cd
589f111f1b605d015S
12835b0145706fbe
80deblfe3bl6e96bl
efbed4786384f25e3
4a7484aa6eatbe483
a83lc66d2db43210
d5a79147930aa725
2el1lb21385c26c926
7e6alabb3c77b2a8
aB8la664bbc423001
de9506245565a910
1e376c085141ab53
4edBaad4ae3418achb
78a5636£f43172f60
a4506cebde82bde9
d186b8c721c0c207
Da637dc5a2c898a6
32caab7b40c724593
597£299cfcE57e2a

bS5cO0fbcfec4d3b2f
923f82a4af194fSb
243185bed4ee4b28c
9bdc06a725c71235
0fcl15dcé68b8cdSbS
Scb0a%dcbd41l fbd4
b00327c898fb213f
06ca6351e003826f
4d2cedfcSac4Zaed
8lc2c92e47edacseé6
c24b8b70d0£89791
f40e35855771202a
2748774cdfB8eeb99
SbS9%ccad4f7763e373
84c87814alflab72
bef%al3f7b2c67915
eada7ddé6cdeleble
113f5804bef90dae
3c9ebelalS5cSbebce
Sfcbhbéfabl3adefaec

Figure 2 64-Bit Constants for SHA-512
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9523f82a4
Sbdc06a7
Scb0a%dc
06ca6351
81lc2c92e
£40e3585
SbY9cca4df
bef%a3£f7

ablcS5edS
clSbfl74
7€£988da
142529¢7
92722c85
106aa070
682e6ff3
c67178f2

e9b5dba58189dbbc
ablc5ed5daéds811s8
550c7dc3dS5ffb4e2
cl9bfl174cf6952694
240calcc77ac9c6E5
76£988da831153b5
bf597fc7beeflece4d
1423925670a0e6e70
53380d139d95b3df
92722c851482353b
c76c51a30654be30
106aa07032bbd1b8
34b0bcbS5e15%b48a8
€82e6ff3déeb2bi8a3
8cc702081la6439%ec
c67178£f2e372532b
£f57d4f7fee6edl78
1b710b35131c471b
431d67c49c100d4c
6c44198c4a475817

NwIsefiieatas
mifnsdaSeuifisugaandanisldou ve
Hash Algorithm Aisngaulaglaile wiuwinlulugs
Snms uaduldenuirdy wmab o3 aiuderily
wawlusunsy dszandannnin Tag3u97n Wei Dai’
ldsiauananisnagay Hash Algorithm THad149
vunanfiatmasAiintiedszann nanasnaesiialagls
Iﬂil,mmﬂs:qn@fﬁ meﬁmmﬁwéﬁ (library) ua3
Crypt++ &% Lonewolfer* ld¥iniauanan1inagay nsle
mug@ﬁnéﬁ (library) waBuUUALRAY mslEnn hash
algorithm LT cityhash, farmhash, murmurhash3,
spookyv2, cfarmhash was C++11 std::hash %awaﬁvlﬁﬁ]:
Lﬂumsm%ﬁmﬁsuq@ﬁ’]é}'ammﬁﬁ’uﬁa;&a vinlugdves
array fluu1ang 9 uazgatine D. Assencio’ leuuziiinis
T OpenSSL Performance Analysis Tool Lfﬁadéfﬂu
mMInazaulsziniamwmadnsia Useinndna g sanlufe
Hash Algorithm @28 FldTmTiERaNaNINAFOULN
gaufitin maseuisunadldlunslssnanavas
MD5 uaz HMAC-MDS5 tiatdlumssnians lnudndae

35n1579w

Wanungvestanasaduiiaeiniauenants
JiaeAmdadToufisuyseantainnmeain nanlunns
¥1191% (speed benchmark) U84 Hash Algorithm 4 Tiia
fia SHA-1, SHA-256, SHA-512 Laz RIDEMD-160 lasil
SN NINARBILRTEISUTENaLEI

m‘%aoaﬁauazqﬂnmﬁ

Lﬂéaaﬂauﬂ'sma{ju Apple’s Mac Book Pro
wigUszaIaNanaly (CPU) e Intel Core i5 2.3 GHz
WUIBAUIINAN (Mmain memory) TW1@ 8 GB I2UULNL
Tayan113 (Hard drive) aw1a 1 TB szuudfianis
(Operation System) %@ Mac OS X 10.11.3 (El Capitan)

Iﬂmﬂimgmi:uu Script Engine 3%@ NodeJS
(Google’s V8 Engine) version 5.8.0

Ta3unsa OpenSSL §% 0.9.8zh

Tdsunsuam1 JavaScript §w3UiSunlE Open
SSL
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Figure 3 Flowchart of OpenSSL Caller Application

Table 1 Testing results showing number of loop count for each algorithm

Loop Count
Test Data Block size
SHA-1 SHA-256 SHA-512 RIPEMD-160
16 Bytes 5883385 3829946 2646815 3966983
64 Bytes 4409469 2190872 2496280 2365671
256 Bytes 2054471 921496 1140823 1072700
1024 Bytes 778829 270388 407891 360938
8192 Bytes 104233 37605 58370 48794
Table 2 Calculating throughputs from loop count and test data size for each algorithm
Throughput (Kbytes / Second)
Hash Algorithms
16 bytes 64 bytes 256 bytes 1024 bytes 8192 bytes
SHA-1 31425.24 94133.25 175459.61 266058.11 284704.82
SHA-256 20431.17 46792.18 78768.1 92321.12 102692.06
SHA-512 14119.74 53278.75 97459.55 139400.07 159433.5
RIPEMD-160 21176.56 50544.48 91733.56 123249.39 133414.74




Vol 36. No 4, July-August 2017

Hash algorithm selection using execution speed comparison measurement 407

Open SSL Hash Speed Brenchmarks (3 seconds loop count)
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Figure 4 Bar chart showing testing result comparison from Table 1
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Figure 5 Bar chart showing throughput comparison for each algorithm
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Abstract
The geographic information system model and the analytical hierarchical process were applied in this study, in order
to assess the areas which were at risk of dengue hemorrhagic fever occurrence in Maha Sarakham municipality.
The assessment was divided into two main categories which were: 1) to assess the risk of dengue hemorrhagic fever
occurrence among the communities by using six significant factors including house index of mosquito (HI), distance
from water bodies, endemic areas, number of households, number of population and number of population at risk;
and 2) to assess the risks of dengue hemorrhagic fever occurrence in the communities that are the most highly at risk
by using 3 significant factors including population density, density of population at risk, and distance from water
bodies. The results of this study revealed three of the most highly at risk communities which were Thanya
community 1, Pohsri community 1 and Pohsri community 2. In addition, the high and very high risk areas of those
three communities were mostly in the areas that had high density of population at risk. Thus, these results can be

used to determine the epidemiology of dengue hemorrhagic fever in the proactive and reactive surveillance program.
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mifialialdifeasanunga vansdwimdazuuzed
Taspiltlumsdssdussduanudssmaialseldidon
08NVBITUTUUAI |1 Table 1 uazenazuuaila T Ale
TumsUsefinfiufidssdemaialsaldidonsannislu

guwuﬁﬁizé‘umwm%mmﬂﬁq@LLﬁ@ﬂ% Table 2
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Table 1 The classification and rating of factors to assess the risk of dengue hemorrhagic fever occurrence among the

communities

house index of distance from water number of population at
endemic areas number of households | number of population
mosquito (HI) bodies risk
range R' range R' range R' range R' range R' range R'
0.00-10.84 0.07 0.00-0.44 0.07 Yes 0.33 140.36— 0.07 172.91- 0.07 65-107 0.07
734.37 1520.15
10.85-21.68 0.13 0.45-0.88 0.13 No 0.67 734.38— 0.13 1520.16— 0.13 108-149 0.13
1,328.37 2867.38
21.69-32.52 0.20 0.89-1.32 0.20 1328.38- 0.20 2867.39— 0.20 150-191 0.20
1922.38 4214.62
32.53-43.36 0.27 1.33-1.76 0.27 1922.39- 0.27 4214.63- 0.27 192-233 0.27
2516.38 5561.85
43.37-54.20 0.33 1.77-2.20 0.33 2516.39— 0.33 5561.86— 0.33 234-275 0.33
3110.39 6909.09
R' = rating

Table 2 The classification and rating of factors to assess the risk of dengue hemorrhagic fever occurrence in the

communities that is the most highly at risk

distance from water density of population density density of population density of population
bodies in three population at risk in in Thanya population at risk in [ density in Pohsri | population at risk in | density in Pohsri
communities Thanya community community 1 Pohsri community 1 community 1 Pohsri community 2 community 2
1
range R’ range R' range R' range R’ range R' range R’ range R’
<100 0.50 0-4.04 0.07 0-27.66 0.07 0-4.90 0.07 0-26.69 0.07 0-7.39 0.07 0-42.51 0.07
100-400 0.33 4.05-8.08 0.13 27.67- 0.13 4.91-9.79 0.13 26.70- 0.13 7.40- 0.13 42.52- 0.13
55.32 53.37 14.79 85.01
>400 0.17 80.9- 0.20 55.33- 0.20 9.80- 0.20 53.38- 0.20 14.80- 0.20 85.01- 0.20
12.12 82.97 14.69 80.06 22.18 127.52
12.13- 0.27 82.98- 0.27 14.70- 0.27 80.07- 0.27 22.19- 0.27 127.53- 0.27
16.16 110.63 19.58 106.74 29.58 170.03
16.17- 0.33 110.64- 0.33 19.59- 0.33 106.75- 0.33 29.59- 0.33 170.04- 0.33
20.20 138.29 24.48 133.43 36.97 212.54
R' = rating

NMINTURAAINWWHIARIN Table 3 Scale for pairwise comparison'

My nuamainnin (weight) [535msluns

ﬁﬂmmmmdﬁ’mﬁﬂma\‘mi:mumsﬁ’]ﬁu%m%ﬁ Lﬂi’l:ﬁ Intensity of Definition
(analytic hierarchical process, AHP) Wali1lae Saaty™ Impo:tance A
ﬁvl,éf%fummﬁwLLa:ﬁﬁmﬂi:qnm“Lfa BN TRANY® ) E:::I l::o:::e mportance
I@]&In’lﬁfuﬁl,ﬂ%m_ll,ﬁ YU (pairwise comparison method) 3 Moderate importance
1uLL@ia:@jfﬂ:ﬁmjﬁmumzé’ummz«‘hﬁnﬂaaﬂﬁﬂﬁﬁﬁm . Moderate o strong importance
WisuAsunuadud 1 119 9 (Table 3) 5 Strong importance

6 strong to very strong importance

7 Very strong importance

8 Very to extremely strong importance

9 Extremely importance
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MU A RANNRAAAE DIVIATIIUNAINT beT
fadrinmImaNaTRaINgaanaad (consistency index,

cl) daw lagdwimkldanaunis

CI: ﬂ‘max_n

oy n—1

A . i AV o
A da  dlainu (eigenvalue) gegafilaainiy
max
a € a ' = =3
risndmIdugilSouiioy

A ) a
n  Aa wuilaw

el a1e RN FEANR 899X TINIAITATINI Db
dATNEIUANUFDAARDY (consistency ratio, CR) lag
fumladanguns

cr=4L
RI

1 RI fa dndafidanain (ratio index)

MU RAN N FEAAR DIV IS WINA L6t
ANTHNEATNFIBANNFEAAG DI KINTFkasnin 0.1
LEAIINFNEITN WD §anAdDY UAFANANTN 0.1 LEAg
dﬁayamad’mﬁiaa@ﬂﬁmﬁauﬁm‘sﬂaunﬁﬂﬂm’maau
mﬁu@ﬂ%muﬂﬂuﬂa}%’ﬂﬁﬂﬂ%ﬂ

migduanuidgaedladolumsinmadodt
I%EJTL%m"mzyaﬁ"umu 10 A% Usznaude SnITNMIanmTmgY
TIWNYNT 2 A% ENITININTITHED 3 A% WUILA
ANIWEMIYMT 1 A% WENAITTN 3 A% UAZHEUIY
mimudam%ummimqmLLaz’f?}dm@ﬁaw 1 0%

HAN I AN a9l lwnn U Te L8
E:é'ummL'éflsjaﬂ'ﬁl,ﬁ@kﬂvlﬁﬁa@aaﬂmauqmumaaﬁmﬁ
Qﬂﬁ’]gldﬂ’]il 52 HE9I9NURR NN NTiAalsadnann
FMURRIATaN wIndIzTNT wazdwIndzTng
mjm’ém Wi 0.48, 0.27, 0.14, 0.05, 0.03 WAz 0.04
MNE19U laslAaaNFInANUREAARBILYINTL 0.098

s lFlumsdss iR i doeda
mnﬁ@‘[m%ﬁﬁa@aanmﬂu‘*gwmﬁﬁi:ﬁumwmﬁmmﬂ
ﬁq@ mmmmvxmLmummﬂi:mmﬂq;ﬁm AMNAIN
WHDDIUTETINT WAL TEHEHNINUREIN LYy 0.54,
0.30 L3z 016 ANEGU lauRANaaINFIUANUREAARES
LYy 0.008
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NMIATIWMAIALI

srauauFssaansiialsaldidonasnves
TuTUlwamALaLia NI LasAALEIIRaNT
wialsaldifiaaaanm ﬂluﬁuwuﬁﬁi:é’ummL?}mmﬂﬁq@
Uszifinannenduifidwindsdsmslieinminuunie

(simple additive weighting method) d9&un13"

]:ZWJRU
j
lay 1 @a enawdl (index)
W fa erdininuasdadei j
J il ]
A ' ' ' A oA, o A
R fo dnzuuulugrsdwianguil i luiladed j
ij

ﬁ'}ﬂ'wﬁwﬁﬁvlﬁmLLﬂaﬂa;uLﬁaﬁﬂs:ﬁUﬂaﬁwLéya
aaniilu 5 326U Usznavdls ﬁaﬂﬁﬁg@ #ag dunand unn
LLa:mﬂﬁq@ @2839N13 geometrical interval tJwn139a
wi9g9en lagRianTananaNuLAnNEsTeIsnfidaInT
Ianga mﬁﬁmmLmn@mﬁumngﬂﬁ@mjuLmﬂaan
AN uanmﬂﬁﬁoﬁmsmwﬁamiﬂs:ﬁnmJaaﬁayjalu
udazszduanuEss IS mulndiAesin

NanN1IAN®EN
srouanadssansiialaldidanaanuas
TUTWIWIANALALTBINAIEIIAA
@iﬁé’%ﬁﬁvl,ﬁﬁ@ha%iszmw 0.13 89 0.29 (favinen
LT VR RIS o Hie b naa by geometrical interval (Table 4)
wuiwqmuﬁﬁs:é’ummLéﬂa@iaﬂwsLﬁﬂIsﬂ"liLﬁa@aaﬂ
mnﬁq@ag’maﬁmmﬁammmﬂma (Figure 1) 31%7%
3 puTn Usznavueiy iy 1 qumuiwﬁﬂ% 1 Uy
gurulnga’ 2 iilosnngurniyan 1 unsguoulnies 2
Lﬂuqmuﬁﬁmﬁmﬁgnﬁwqamﬂgm aaqumuiw'j?fﬂ% 118w
qwmﬁﬁmm%muumadmeﬁ'}gdﬂ’h@mu‘é‘u TNTY
SEdUANMULEDINNNTEWIN 4 % UIzNUeIY TUTH
Sy 2 guruavinfia 1 gusuinuune uszrurusdesld
qumuszﬁummLéaoﬂmﬂmaﬁﬁ‘hmu 6 77U 1aznaue
TUTUNAITY TUTUATTY 1 qumﬂ%ai’aé 3 TNTH
gNefia 2 TuTugnioiia 4 uaTNTUFaIWhe SIUTUTY
SedUANNLEIENTIIwIN 14 TUT% USzNOUGIY TUT
Taduviend 1 guruiladuniand 2 qumﬂ%aﬁ’aﬁ 2 TUTY
faynn 3 gurubynn 4 Turuaded 1 guTuadaa 2
qwmaﬁaw'ﬁf 1 qmmaﬁa‘n%{ 2 TUTUWNAATY 2 TUTH
Wity 3 gurwiaiadnd 1 gutweIadng 2 uazTuTu
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AINAIRITANN LLaz"gmu‘i:ﬁummL%ﬂq@hmﬂéwmu 3

o o a o £
TUTH UszNaUaIY TUTHANFAN qu%uﬂ’%ma@ 1 ez
qw%uqﬁﬂﬁﬂ 3

Table 4 Index value and the risk levels of dengue hemor-

rhagic fever occurrence among the communities

Index value | Risk levels Number of Percent
community
0.13-0.15 Very low 3 10.00
0.15-0.17 Low 14 46.67
0.17-0.20 Moderate 6 20.00
0.20-0.23 High 4 13.33
0.23-0.29 Very high 3 10.00

Risk levels

B ey 0w
- Low
|: Moderate
[ High
I very high

=

Figure 1 the risk map of dengue hemorrhagic fever
occurrence among the communities in Maha
Sarakham municipality
Andidnsdanisiialsaliidonaannel
qu%uﬁﬁi:ﬁumwtﬁlmmnﬁqm

1. PNTUTRYYN 1

9
1w oA

Aaziinldleagzning 0.08-0.33 (e
AaThuITILnNa18TNT geometrical interval (Table 5)

(%

NUAWNNTTzaUANNRLIAaN I AA LA [Tl aaaanyin

A

uazINNgaagUINmMa aulduaznINaazTuaanvaINLn
g 4

(Figure 2) fiftafidszuns 70,286 a11.4. (30882 9.70) LA
46,903 @3.4. (F0882 6.47) AMNEGD 1ilosaniluiudid
ﬁﬁm’mﬂi:mnin@jm'ém%mmllu AuAndszduainy
L%imﬂmnmaﬁ’m‘lﬁquuﬁ%nmmauuwaoﬁu‘ﬁ'u‘snmﬁ
fafuwinazas uasiufiseuassin Hiflefivszunm
285,604 7.4 (F00az 39.42) FAnAWAN sz duANNLED
ﬁamm:ﬁaﬁﬁq@ filofiUszanms 292,733 .. (favas
40.41) W8z 28,904 @3.4. (38882 3.99) AL
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Table 5 Index value and the risk levels of dengue hemor-

rhagic fever occurrence in Thanya community 1

Index value Risk levels Area cover Percent
(m’)
0.08-0.09 Very low 28,904 3.99
0.09-0.10 Low 292,733 40.41
0.10-0.11 Moderate 285,604 39.42
0.11-0.16 High 70,286 6.47
0.16-0.33 Very high 46.903 6.47
Risk Levels

- Very low
- Low
[:l Moderate
|:| High
B very high

Figure 2  the risk map of dengue hemorrhagic fever

occurrence in Thanya community 1

2
2. muTulnges 1
Anaziinldld1agzning 0.09 fv 0.35 Ll

gk uwna21833113 geometrical interval (Table

o
AdAA

6) WURWARTs=dUANNLEBIdansiialseldidansen
mmmzmnﬁq@m:mUéhag'u%mm]aufl,@T AL IUBBNLAZ
axTuaAnvaIiud (Figure 3) Siilofilszanms 49,398 as.a.
(30882 5.42) U8z 41,271 1.4, (30882 4.53) AUR1AU
Lﬁaw’mLﬂ"]uﬁuﬁﬁﬁi‘hmuﬁs:mnimjmém%mLLulu
ﬁuﬁ‘ﬁ'ﬁi:ﬁumwm%‘mﬁmﬂmawuﬁaﬁﬁqﬂdmlmy'
nszmUé‘hagiauﬁuﬁﬁﬁs:ﬁumwLﬁ'mmnﬁlﬁaﬁ
Uszanms 34,825 a3.4. (Fouas 3.82) Aufifidszduana
L’Er;mﬁamﬂuﬁuﬁﬁﬁLf'za"?'imﬂﬁq@ﬂi:mm 659,866 713.4.
(Fouaz 72.43) e?’aulmy'tﬂuﬁuﬁﬁaglj'ﬁ'ma'ml,maiaﬁﬁvlai
LAt 100 LUAT LL@:“ﬁuﬁﬁﬁi:ﬁUﬂ’ﬂ&lLéﬂdﬁﬂﬁﬁq&ﬂ 1w
AuAfvinsanunadsinszning 100 89 400 was uaziy
Vsnofilifismouende Suilafiszanm 125,693 a3.4,

(30882 13.80)
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Table 6 Index value and the risk levels of dengue hemor-

rhagic fever occurrence in Pohsri community 1
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in Maha Sarakham Municipality

Table 7 Index value and the risk levels of dengue hemor-

rhagic fever occurrence in Pohsri community 2

Index value Risk levels Area cover Percent Index value Risk levels Area cover Percent
(m’) (m’)
0.09-0.10 Very low 125,693 13.80 0.08-0.10 Very low 76,994 22.82
0.10-0.11 Low 659,866 72.43 0.10-0.12 Low 169,723 50.30
0.11-0.14 Moderate 34,825 3.82 0.12-0.14 Moderate 15,857 4.70
0.14-0.21 High 49,398 5.42 0.14-0.20 High 40,390 11.97
0.21-0.35 Very high 41,271 4.53 0.20-0.33 Very high 34,465 10.21
Risk Levels
- Very low Risk Levels
5 Low - Very low
Moderate
| o
High
E Yoty fiigh I:l Moderate

Figure 3  the risk map of dengue hemorrhagic fever

occurrence in Pohsri community 1
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] wign
- Very high

Figure 4  the risk map of dengue hemorrhagic fever
occurrence in Pohsri community 2
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Abstract

Explore the relationships between severity of disease, self-care behaviors, and quality of life among patients with
upper gastrointestinal hemorrhage provided some beneficial conclusions. Samples for the research were patients with
upper gastrointestinal hemorrhage who were admitted at the inpatient department, Mahasarakham Hospital. The
research instruments were: demographic data, form bleeding and shock evaluation form (severity of disease), patient
self-care behaviors of Patient with upper gastrointestinal hemorrhage, and the health servers, short form 36 (SF-36).

The data were analyzed using descriptive statistics and Pearson’s Product Moment Correlation Coefficient.
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and Quality of Life among Patients with Upper Gastrointestinal Hemorrhage

Main findings: Most of patient with upper gastrointestinal hemorrhage were male (65%) aged between 61-70
years (36.3%)(x= 59.96), were underlying diabetes mellitus and cirrhosis, cause of bleeding were drank alcohols. The
total severity of disease showed a statistically significant low negative correlation to the total quality of life

(r=-0.20,p<0.05), self-care behaviors showed a statistically significant positive correlation to the total quality of life

(r=0.94,p<0.05)

Conclusion: Severity of disease and self-care behaviors had a relationship with quality of life in Patients with

Upper Gastrointestinal Hemorrhage. Therefore healthcare providers can help the patients to enhance quality of life by

helping the patients to improve self-care behaviors and prevent severity of disease.

Keyword: Upper gastrointestinal hemorrhage, Severity of disease, Self-care behavior and Quality of life
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1. ngudmaddwmlngidunany dadu  Uszanfine Sewa: 77.50 Inoldvasnsauaiadaiion
Jawaz 65 Ja1gunnii 60 T Yasaz 52.50 (x=59.96, SD 5,001 — 10,000 U1 Tasaz 78.80 (x+ SD=9,925 + 1.05 )
= 1.29) FOUNIWENTRE TooAz 68.80 A@MIFNMIZAL @3 Table 1

Table 1 Demographic Characteristics of patients with upper gastrointestinal hemorrhage.

Characteristics Number Percent
(n =80)
Age (years)
< 60 38 47.50
> 60 42 52.50

(x+ SD= 59.96 + 1.29 )

Sex
Male 52 65.00
Female 28 35.00
Status
Single 12 15.00
Married 55 68.80
Widowed/Divorced 13 16.20
Education
Primary school level 62 77.50
Secondary school level 5 6.30
High school level 6 7.50
Diploma 5 6.30
Bachelor degree 2 2.50
Revenue (baht)
< 5,000 4 5.00
5,000-10,000 63 78.80
10,001-20,000 10 12.50
> 20,000 3 3.70
(xt SD= 9,925 + 1.05)
Occupation
House keeper 5 6.30
Farmer 47 58.80
Civil servant 3 3.70
Merchant 10 12.50
Wage worker 11 13.70
Unemployed 4 5.00
Underlying disease
No 22 31.00
Cirrhosis 15 18.80
Gout 9 11.30

Hypertension 5 6.30
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Table 1 Demographic Characteristics of patients with upper gastrointestinal hemorrhage. (continue)

Characteristics Number Percent
(n =80)
Diabetes mellitus 16 20.00
Asthma 2 2.50
Chronic kidney disease 3 3.80
Tuberculosis 3 3.80
Rheumatoid 2 2.50
Number of admission
1-2 70 87.40
3-4 5 6.30
5-6 5 6.30
Cause of upper gastrointestinal hemorrhage
Steroid abuse 3 3.80
Alcohol consumption 37 46.20
Esophageal varices 8 10.00
Taking spicy food 16 20.00
Irregular meal 6 7.50
Gastritis ad Duodenitis 10 12.50
Duration of alcohol drinking (years)
<10 41 51.30
11-30 29 36.20
31-50 14 17.50
< 50 10 12.50

2. mmgmmmaﬂmmaan@ué”sashaLﬁaﬂmﬁu
anunuaszuzfondulngjey lussesf 2 Jawaz

67.4 5998981 S2eh 3 Sa8as 15.0 @9 Table 2

Table 2 Severity of disease of patients with upper gastrointestinal hemorrhage.

Severity of disease Level Number Percent
(n =80)
Shock Phase 1 9 113
Shock Phase 2 54 67.4
Shock Phase 3 12 15.0
Shock Phase 4 5 6.3

3. WOANIIWMIQUAAIEIYIINY 113.12 (X=
113.12, SD = 10.43) TIWOANTTUNMIQUAAULE luszdu
11unand ﬁﬂ:LLuuluszﬁuﬂ'luﬂmﬂué’mmsg}LLamuLaa

anduauszaziamnny uazdunsguaanasnidnu
RRIAANIZLADA N IUNILAHENRNTFIUAYK 69 Table 3
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Table 3 Self-care behaviors of patients with upper gastrointestinal hemorrhage.

J Sci Technol MSU

Domains X SD Self-care behavior Level
1. Universal of self-care behavior 50.30 7.82 High
2. Development of self-care behavior 15.40 2.65 Moderate
3. Upper gastrointestinal hemorrhage of self-care behavior 17.38 7.49 Moderate
Overall Self-care behavior 113.12 10.43 Moderate

4. njumagniiianaannaauaInIIEIL
FuilazuniaRIUNWTIAYNAY 53.63 (SD = 20.77)
ag’h’s:ﬁumuﬂma Lﬁaﬁaﬁiqummw%ﬁmwﬂéﬁuwudw
X A Aa . [ o o a o
;dﬂ';wqmmwm@agsl,mmugﬂumumuqmmwwmvlﬂ

A Aa ' o o o
LLa:uqmmwmmaglmmumuﬂmﬂumuqmmwmvlﬂ

AIWAINITANIN U BITIINNY @TﬁuUﬂmﬂﬁgm‘hﬁ'@

Wasnngznwneme dsunuinfignitnaiiiasann

AUDITNDE FIWNNTVNRINNNIFIAY duaINILLIA

NN93190NE LRZATWNRIINY @9 Table 4

Table 4 Quality of life of patients with upper gastrointestinal hemorrhage.

Domains X SD Quality of life
Level
General Health 46.21 21.79 moderate
Physical Function 64.93 36.70 moderate
Role Limitation due to Physical Problem 46.40 29.94 moderate
Role Limitations due to Emotional Problem 65.62 29.06 moderate
Social Functioning 65.00 23.39 moderate
Bodily Pain 60.48 29.73 moderate
Vitality 65.15 26.45 moderate
Mental Health 72.87 24.31 High
Overall QOL 57.63 20.77 moderate

5. mwgmmmaﬂ’sﬂﬁmmﬁuﬁufﬁﬂmama
TurugmnnIIavaingugliofiiiieaaannadn

BIWIEIUA (r = -0.20, p < 0.05) LATWHANITUNIQUA

@umuﬁm'}uﬁuﬁufaaﬂﬂﬁmﬁ'uqmmw%ﬁmadmju
§28874 (r = 0.94, p < 0.05) @4 Table 5

Table 5 The Relationship between Severity of disease, Self-care behaviors and Quality of Life of patients with upper

gastrointestinal hemorrhage.

Variable r P-value
Severity of disease -0.20 0.001
Self-care behaviors 0.94 0.001
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Abstract

For biomass power generation, the choice of technology can not only affect energy gain, but it also involves pollution
reduction. The purpose of this article was to evaluate the most efficient technology for biomass power plants in
Thailand. Data on power generation technologies using biomass as a fuel were collected from the literature and from
on-site visits at three prominent biomass power plants. It was found that at present there are only two commonly used
technologies, the direct-fired system and the gasification system. Although the gasification system has not been
commonly used in Thailand, it allows for better energy efficiency and environmental friendliness. Moreover, the system
will also support future technology such as the integrated biomass gasification combined cycle (IBGCC). Therefore,
it was highly recommended for use in a power plant using up to 10 MWs of installing capacity, which is a common
size for a biomass power plant found in Thailand. The direct-fired system has some limitations. This system was
noted to have low energy conversion efficiency, with only about 20-30% of its heat energy converted to electricity.
The direct-fired system also emits a large amount of fine particles and some other toxic pollutants which need to be
controlled. Therefore, the use of a direct-fired system should be limited to a =10 MWs power plant which also can
afford expensive aerosol collectors, such as the electrostatic precipitator or baghouse filter, and a full time staff to

operate the system.

Keywords: biomass, biomass power plant, direct-fired system, gasification, energy policy
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Figure 1 Biomass power plant with direct-fired system
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Table 1 Top 20 leading biomass power plants in USA, Canada and Finland
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Power plant Installed capacity Fuel Boiler Pollution control
(MW)
Bay Front 30 Mill, TDF, coal Modified coal stokers Multiclones
and electroscrubber granular filters
Kettle Falls 46 Mill Traveling grate stoker Cyclone and ESP
McNeil 50 Forest, mill, urban waste Traveling grate stoker Cyclone and ESP
Shasta 49.9 Mill, forest, agriculture Traveling grate stoker ESP
El Nido (close) 10 Ag, forest, mill Fluidized bed Multiclones and baghouse
Madera (close) 25 Ag, forest, mill Fluidized bed No data
Stratton 45 Mill, forest Traveling grate stoker Cyclone and ESP
Chowchilla ll 10 Ag, forest, mill Fluidized bed No data
(close)
Tracy 18.5 Ag, urban Vibrating grate Multiclones and ESP
Tacoma 12 Wood, RDF, coal Fluidized bed Multiclones and baghouse
Colmac 49 Urban, ag, coke Fluidized bed boilers Multiclones and baghouse
Grayling 36.17 Mill, forest Traveling grate stoker Cyclones and ESP
Williams Lake 60 Mill Vibrating grate Multiclones and ESP
Multitrade 79.5 Mill Fixed grate stokers Cyclones and ESP
Ridge 40 Urban, tires, LPG Traveling grate stoker Fabric filter baghouse
Greenidge 10.8 Manufacturing Tangentially-fired Cyclones and ESP
Pulverized Coal
Camas 38-48 Mill Vibrating grate No data
Snohomish 43 Mill, urban Sloping grate NH3 injection, Baghouse
Okeelanta 74 Bagasse, urban Vibrating grate ESPs
Lahti 25 Urban, RDF Fluidized bed, gasifier ESPs

Source: Modified from Wiltsee™

Mill = mill waste = 3802

Ag = agriculture residue = Lﬂﬂfﬁqmdmimﬂm
Forest = 1A ldanih

Urban =zgzanniilas

Bagasse = UL

RDF = Refuse Derived

Fuel = (aIwasanas

Tire = 819708UG

Coke, coal = TNu#AK
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Table 2 Technology among on-site visited power plants
Power plant Plant1 Plant2 Plant3
Technology Direct-fired system Direct-fired system Gasification
Installed capacity (MWs) 52 7.5 0.15
Biomass Bagasse Bagasse Corn cob
Fuel transportation Lorry Lorry, mini-tractor Pickup truck, mini-tractor

Fuel preparation Crush if it is a sugarcane leaf,

or rice straw

Crush if it is a sugarcane leaf, or

rice straw

Leave it dry under the sun

Dust collector Venturi scrubber

Electrostatic precipitator

Not use

Ash disposal Landfill or use as a soil fertilizer

Landfill or use as a soil fertilizer

Use as a soil fertilizer

Wastewater management Treated by wastewater treat-

ment system and reuse

Treated by wastewater treatment

system and reuse

Treated by wastewater treatment

system and reuse

Noise control Keep generator in a close

room, use PPE if enter

Keep generator in a close room,

use PPE if enter

Keep generator in a close room,

use PPE if enter

PPE = Personal protective equipment
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Direct-fired system Gasification
Technology development Fully developed Developing
Energy efficiency 20-30% 30-40%

Commercially available capacity
Level of pollution production

Particulate control system
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High (i.e. fine particle and carcinogen)

ESP or baghouse

10 KWs to 10 MWs
Low (i.e. CO)

Not required
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Abstract

The objective of the study was to apply remote sensing technology to estimate above ground carbon sequestration
of orchards with vegetation indices into two forms: 1) NIR-RED, and 2) NIR/RED. It also aims to explore field data by
using the data from a satellite named Landsat 8 OLI that was recorded on 8 January 2015 to adjust the Top of
Atmosphere (ToA) reflectance, then determine the percentage of fractional cover, and build the relationship equation
between satellite data from Landsat 8 OLI and field data. The results from NIR-RED showed the equation y =
0.3184e"%* with the coefficient of R = 0.845. As a result, the calculated amount of above ground carbon was 213.176

0.047x

tons per rai. Meanwhile, the results from NIR/RED showed relationship equation y = 0.8900e with the coefficient

of R? = 0.774. As a result, the calculated amount of above ground carbon was 224.229 tons per rai.

Keywords: Quantifying Above Ground Carbon Sequestration, Remote Sensing
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Table 1 LANDSAT 8 OLI and TIRS”

Bands Wavelength Resolution
(micrometers) (meters)
1 0.43 -0.45 (Coastal aerosol) 30 m
2 0.45 - 0.51 (Blue) 30m
3 0.53 - 0.59 (Green) 30 m
4 0.64-0.67 (Red) 30 m
5 0.85 - 0.88 (Near IR) 30m
6 1.57 - 1.65 (SWIR-1) 30 m
7 2.11 - 2.35 (SWIR-2) 30m
8 0.50 - 0.68 (Panchromatic) 15 m
9 1.36 - 1.38 (Cirrus) 30 m
10 10.60 - 11.19 (Thermal IR 1) 100 m
11 11.50 - 12.51 (Thermal IR2) 100 m
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Abstract

Water storage in plants and soils of forests around upland rice planting areas, Mae Wang district, Chiang Mai province
were studied. Using a method of plant community analysis, 12 plots of 40 x 40 m” in size were set up in forests by a
stratified random sampling. Stem girths at breast height and heights of all tree species with height of >1.5 m were
measured. Plant species diversity, biomass, and in water storage ecosystems were investigated. A total of 125 species
(99 genera, 53 families) were existed. Pinus kesiya, Quercus brandisiana and Castanopsis acuminatissima were
dominant species. The mean value of species diversity index by Shannon-Wiener equation was 3.60 = 1.08, and the
most important species was P. kesiya. The plant biomass was estimated to be 273.90 + 89.06 Mg ha”, and the
water storage in ecosystems of cold, hot and raining seasons as 3311.47, 1712.02 and 4269.21 m® ha™, divided into
biomass and soil water in cold season as 258.15 and 3053.32 m® ha”', Hot season as 276.86 and 1435.16 m® ha™
and Raining season as 297.29 and 3971.92 m® ha”, respectively. Differences in original plant communities,
topographic conditions, forest utilization and management by villagers resulted in plant species diversity, biomass and

water storages in the forests.

Keywords: plant biomass, plant species diversity, ecosystem water storage
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Table 1 Water content by dry weight (%) in different seasons and organs

No. Plant name Water content by fresh weight (%) in different organs and season
21 January 2013 30 April 2013 15 September 2013

Stem Branch Leaf Root Stem Branch Leaf Root Stem Branch Leaf Root
1 Anneslea fragrans 54.97 69.46 64.98 50.15 44.41 59.36 60.40 52.36 50.44 56.08 61.73 45.74
2 Aporosa villosa 46.29 53.08 67.56 42.50 48.32 64.59 66.91 46.34 44.36 61.69 66.97 43.38
3 Castanopsis acuminatissima| 41.42 55.41 4217 38.88 40.83 48.74 59.09 46.18 53.47 51.35 52.82 47.03
4 Castanopsis indica 45.39 46.86 37.05 38.33 50.25 51.02 49.98 42.92 50.45 41.95 56.70 4517
5 Castanopsis trobuloides 41.42 43.71 48.00 40.36 38.58 49.03 48.98 35.50 41.44 46.31 51.01 44.42
6 Dalbergia cultrata 64.26 54.89 54.63 41.44 44.36 45.99 65.42 53.25 57.51 43.33 56.59 46.36
7 Lithocarpus sootepensis 46.66 48.59 46.71 36.59 36.92 55.59 46.78 39.80 49.02 51.47 52.07 48.96
8 Pinus kesiya 47.72 52.40 54.73 50.82 53.09 67.15 64.45 57.52 55.99 55.85 63.24 55.76
9 Quercus brandisiana 41.09 43.21 36.28 37.50 32.21 53.55 54.88 39.34 46.68 48.48 43.80 43.36
10 Quercus helferiana 51.64 41.23 35.24 37.50 45.08 52.85 43.36 44.01 46.47 49.49 48.56 46.39
11 Schima wallichii 57.10 57.09 49.47 57.31 56.36 56.34 52.32 54.29 52.79 63.66 58.44 54.70
12 Styrax benzoides 42.70 49.03 55.95 41.54 37.92 45.09 49.58 40.18 47.48 48.85 49.25 45.59
13 Tristaniopsis burmanica 36.01 49.28 52.05 37.30 4117 55.46 55.02 41.78 44.48 58.84 57.87 40.97
14 Wendlandia tinctoria 61.01 54.00 46.24 57.61 50.22 58.40 54.75 46.34 55.82 49.93 56.32 54.18
Mean| 48.41 51.30 49.36 43.42 44.27 54.51 55.14 45.70 49.74 51.95 55.38 47.29
SD| 8.29 7.15 9.90 7.41 6.83 6.48 7.27 6.52 4.90 6.51 6.27 4.54

Table 2 Water content by dry weight (%) in different seasons and organs

No. Plant name Water content by dry weight (%) in different organs and season
21 January 2013 30 April 2013 15 September 2013

Stem Branch Leaf Root Stem Branch Leaf Root Stem Branch Leaf Root
1 Anneslea fragrans 122.09 227.44 185.52 100.60 79.87 146.07 152.54 109.91 101.78 127.68 161.33 84.30
2 Aporosa villosa 86.19 113.15 208.24 73.91 93.50 182.37 202.21 86.35 79.74 161.06 202.78 76.60
3 Castanopsis acuminatissima| 70.71 124.25 72.92 63.61 69.00 95.07 144.41 85.79 114.90 105.54 111.95 88.79
4 Castanopsis indica 83.13 88.18 58.87 62.16 101.02 104.18 99.91 75.19 101.81 72.27 130.92 82.39
5 Castanopsis trobuloides 70.72 77.66 92.31 67.67 62.81 96.19 96.00 55.04 70.76 86.24 104.14 79.92
6 Dalbergia cultrata 179.76 121.66 120.41 70.77 79.73 85.16 189.16 113.92 135.35 76.45 130.35 86.43
7 Lithocarpus sootepensis 87.48 94.52 87.64 57.69 58.53 125.18 87.91 66.11 96.17 106.07 108.65 95.92
8 Pinus kesiya 91.28 110.09 120.89 103.32 113.18 204.42 181.31 135.42 127.21 126.49 172.01 126.04
9 Quercus brandisiana 69.74 76.09 56.93 60.00 47.51 115.29 121.65 64.85 87.54 94.11 77.92 76.55
10 Quercus helferiana 106.77 70.15 54.42 60.00 82.08 112.08 76.56 78.60 86.81 98.00 94.38 86.54
11 Schima wallichii 133.10 133.06 97.89 134.25 129.17 129.05 109.75 118.79 111.82 175.21 140.61 120.77
12 Styrax benzoides 74.51 96.19 127.01 71.05 61.09 82.13 98.35 67.15 90.41 95.51 97.04 83.80
13 Tristaniopsis burmanica 56.26 97.15 108.54 59.49 69.99 124.53 122.34 71.75 80.11 142.93 137.35 69.42
14 Wendlandia tinctoria 156.51 117.39 86.01 135.93 100.88 140.41 121.01 86.37 126.32 99.74 128.94 118.24
Mean| 99.16 110.50 105.54 80.03 82.03 124.44 128.79 86.80 100.77 111.95 128.46 91.12
SD| 36.24 38.81 45.59 27.31 23.07 35.23 39.57 23.84 19.89 30.80 33.62 17.76
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Dominant trees Water storage in plant biomass (m® ha™)
Stem Branch Leaf Root Total
Jan. Apr. Sep. Jan. Apr. Sep. Jan. Apr. Sep. Jan. Apr. Sep. Jan. Apr. Sep.

1. P. kesiya 50.77 62.95 70.76 19.82 | 36.80 | 22.77 1.40 2.1 1.99 12.99 | 14.55 | 13.54 84.98 116.42 | 109.07
2. C. acuminatissima 18.67 18.21 30.33 10.36 7.93 8.80 0.44 0.87 0.68 3.40 4.58 4.74 32.86 31.60 44.55
3. Q. helferiana 15.54 11.94 12.63 3.32 5.30 4.63 0.17 0.24 0.29 1.69 222 244 20.72 19.70 20.00
4. S. wallichii 12.80 12.43 10.76 4.25 4.12 5.60 0.18 0.20 0.26 2.38 2.1 2.14 19.61 18.85 18.75
5. Q. brandisiana 12.02 8.19 15.09 3.79 5.74 4.69 0.33 0.71 0.46 2.50 2.70 3.19 18.64 17.34 23.42
6. C. tribuloides 7.84 6.96 7.84 2.69 3.33 2.98 0.25 0.26 0.28 1.56 1.27 1.84 12.34 11.82 12.95
7. R. succedanea 5.94 4.92 6.04 224 2.52 227 0.11 0.13 0.13 0.85 0.92 0.96 9.13 8.48 9.40
8. D. cultrata 6.95 3.08 5.23 1.38 0.96 0.86 0.16 0.25 0.17 0.65 1.05 0.79 9.13 5.34 7.06
9. E. suvumbrans 3.05 2.53 3.10 1.25 1.40 1.26 0.04 0.05 0.05 0.37 0.40 0.42 4.70 4.37 4.83
10. B. lanzan 2.33 1.93 2.37 0.87 0.98 0.88 0.05 0.06 0.06 0.34 0.37 0.39 3.60 3.34 3.70
Sub Total (10 species) 135.92 133.14 | 164.16 | 49.95 | 69.08 | 54.74 3.12 4.88 4.36 26.73 | 30.17 | 30.47 | 215.72 | 237.27 | 253.73
Remaining 115 species 26.80 22.47 27.37 9.1 10.06 8.90 1.14 1.31 1.29 5.38 5.76 6.01 42.43 39.59 43.56
Total 162.71 155.61 191.52 | 59.06 | 79.14 | 63.64 4.26 6.18 5.65 32.11 35.93 | 36.48 | 258.15 | 276.86 | 297.29
% of each organ 63.03 56.21 64.42 22.88 | 28,58 | 21.41 1.65 228 1.90 12.44 12.98 12.27
Table 4 Field capacity, moisture contents, maximum capacity and water storage along 2 m soil depth

Soil depth Field capacity Maximum water holding capacity Water storage (m® ha™)

(cm) (% by volume) (m® ha) Jan. % Apr. % Sep. %

0-5 37.3248.65 186.58+43.26 82.04+3.41 43.97 66.45+6.12 35.61 135.18+5.08 72.45

5-10 48.64+20.51 243.21+102.53 87.20+3.17 35.85 64.57+13.24 26.55 126.21+4.81 51.89

10-20 47.79+8.30 477.93+83.03 179.20+4.71 37.50 110.37+17.02 23.09 248.11+4.54 51.91

20-30 46.31+20.63 463.12+206.34 169.08+4.56 36.51 115.77+21.76 25.00 228.13+6.19 49.26

30-40 30.13+5.51 301.28+55.09 163.57+7.62 54.29 76.97+22.69 25.55 220.80+3.73 73.29

40-60 36.48+8.87 729.68+177.50 322.57+11.12 4421 96.63+24.01 13.24 426.04+9.89 58.39

60-80 32.93+10.11 658.68+202.21 297.83+9.01 45.22 91.18+21.17 13.84 414.73+28.24 62.96

80-100 35.33+7.63 706.65+152.60 295.28+4.29 41.79 99.56+11.52 14.09 377.09+7.95 53.36

100-120 36.37+6.57 727.37+131.46 318.40+8.16 43.77 89.98+12.27 12.37 370.60+5.40 50.95

120-140 34.48+11.55 689.66+231.06 304.83+8.71 44.20 104.58+10.59 15.16 373.09+11.51 54.10

140-160 35.00+10.01 699.99+200.11 297.13+8.29 42.45 153.14+21.18 21.88 363.16+14.94 51.88

160-180 37.14+8.26 742.73+156.20 265.83+2.79 35.79 166.75+37.96 22.45 353.64+35.45 47.61

180-200 33.94+6.20 678.79+123.90 270.36+10.11 39.83 199.22+52.59 29.35 335.14+22.18 49.37

Total (1m) 3,767.13 1,596.78 42.39 721.49 19.15 2,176.29 57.77

Total (2m) 7,305.68 3,053.32 41.79 1,435.16 47.00 3,971.92 54.37
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Table 5 Capacities of water storage in the forest ecosystems

Water storage in ecosystem (m°® ha™)

Seasons
Plant biomass % Soil % Ecosystem
13.92 1,596.78* 86.08 1,854.93
Cold 258.15
7.80 3,053.32** 92.20 3,311.47
27.73 721.49* 72.27 998.35
Hot 276.86
16.17 1,435.16** 83.83 1,712.02
12.02 2,176.29* 87.98 2,473.58
Rainy 297.29
6.96 3,971.92** 93.04 4,269.21
Average 1,498.19* 1,775.62
277.43
2,820.13** 3,097.57

Remark: * =1 meter soil depth, ** = 2 meter soil depth



Vol 36. No 4, July-August 2017

Water Storages in Plants and Soils of Community Forest

451

around Upland Rice Planting Areas, Mae Wang District, Chiang Mai Province

LONFNID19DI

1.

10.

1.

Kimmins, JP. Forest Ecology: A Foundation for Sus-
tainable Management. Prentice Hall, Upper Saddle
River, New Jersey, 1996.

Hunter, ML. Fundamentals of Conservation Biology.
Blackwell Science, Inc., 2002.

Chang, M. Forest Hydrology: An Introduction to Wa-
ter and Forests. Taylor and Francis Group, 2006.
Krebs, CJ. The Ecological World View, CSIRO pub-
lishing, Australia, 2008.

Tsutsumi, T., Yoda, K., Dhanmanonda P. and Pra-
chaiyo B. Chapter 3. Forest: Felling, burning and
regeneration. In Shifting Cultivation: An experiment
at Nam Phrom, Northeast Thailand and its implica-
tions for upland farming in the monsoon tropics. K.
Kuma & C. Pairintra (eds.) Kyoto University, Japan,
1983.

Israelson, OW., West, FL. Water holding capacity of
irrigated soils. Utah State Agricultural Experiment
Station Bull. 183: 1-24; 1922.

Khamyong, S., Seeloy-ounkaew, T., Anongrak, N. &
Sri-ngernyuang, K. Water storages in plants and soils
in two community forests of Karen tribe, Northern
Thailand. Tropics 23: 111-125; 2014.

Veihmeyer, FJ., Hendrickson, AH. The moisture
equivalent as a measure of the field capacity of
soils. Soil Science. 32 (3): 181-193; 1931.

3U373 Freuduuia quns does uaz B35 awsding.
dnunmmsszaunaaneialuszuniineathauuu
WHaILEN unautg Jantabaalni. 1IEnTide
URZWeIUT WAT. 2556; 36 (4) 493-502
Seeloy-ounkaew, T. Khamyong, S., and Anongrak,
N. Differences in Plant Diversity, Forest Conditions
and Carbon Stocks in Highland Community Forests
of Karen Tribe, Northern Thailand. In the Proceeding
of The 1% ASEAN Plus Three Graduate Research
Congress (AGRC 2012). 1-2 March 2012. The Em-
press Hotel, Chiang Mai, Thailand; 2012.
amnansdniaimdgfienans. dgRanoudesdu.
MUNANNNAANERUINHATENEAS; 2544,

12.

13.

Suwanwong, W., Khamyong, S., and Anongrak, N.
Potential of Water Storage in a Highland Tea-based
Agroforest Ecosystem in Mae Taeng District, Chiang
Mai Province. In the Proceeding of International
Graduate Conference (IGRC 2013). 20 December
2013. The Empress convention, the Empress Hotel,
Chiang Mai, Thailand; 2013.

Sumanochitraporn, S. Khamyong, S. and Anongrak,
N. Roles of a Teak Plantation on Water Storage
under the Doi Tung Reforestation Royal Project,
Chiang Rai Province, Northern Thailand. In the Pro-
ceeding of International Graduate Conference (IGRC
2013). 20 December 2013. The Empress convention,
the Empress Hotel, Chiang Mai, Thailand; 2013.



Awuraualy

nmainlszBnsnmdnnasarniaassinsasulunmsneinsalannsaiad

The Improvement of Support Vector Regression to Forecast Time Series

a6 o Y Aana 1 a a 2 a a v t:{f a 2
BIDIV LLNIVAT, UAEN NaUIzan , NAGFANA LNAYUI=Zaw
Teetawat Kaewwijit, Nittaya Kerdprasop, Kittisak Kerdprasop
Received: 7 November 2016 ; Accepted: 27 March 2017

o

UNAnga

lulagiuldfianuneealunsnunafialuiluniswensal Weldmswensaifanuudndiuazanusaiatu
lasmsAasuinafialni wIanmshnae 9 inafkaunanns mu’i%’mﬁﬁgﬂﬂi:aaﬁlﬁaLﬁuﬂ‘s:’&ﬂ%meﬁ’umﬂﬁﬂ
dwwaiannaaiiinsaduluninennfaynsuim Taglenanuamatadanungrslunsfivenuuinglviom
WU %oﬁagaﬁlﬂumﬁLmﬂ:ﬁLﬂuﬂ’agamgﬂwnmﬁv’mm 5 qﬂﬂagaﬂiznaﬂlﬂﬁaUqﬂij’agaqmﬁgﬁiﬂmfumam&iﬁﬂ
Woinas °1°Iaa_ga'ﬂ%mmmiw’ﬁmﬁmwaﬁﬂuu@iauﬁau ﬁagammwﬁuﬁizé’uﬁwmmﬁLﬁaam%’iu fayaLSuman e
"Lﬂaaﬂvleﬂﬁﬁnuwﬁ"lmmmiam LLa:‘*ﬂ’aQaﬁhﬁ‘ﬁﬁ“?‘iﬁﬂmmmﬂmmwﬂﬂmmﬂﬁLmﬂ@mﬁ’mmdﬁwﬁ 2 3aluadauas
nu lasmadSoufsuanuusindednafialundazinmsdsoufsuiumefia 2 uwufamafindwwasanniaas
UnsaTuaIiy waznadia ARIMA usziadnlagldensnfisesuasmanuaandanindssediads uazdnaatnaon
ﬁugsrﬁmﬁﬂ Fsnnuamasuifisunuinmedielndamansoinanuuing liiumafiaswne anniae Hinsaduwle

o a

ard1an : funweiannaeiiinadu Tayaayuninnm danuaaaaton

Abstract

Currently, there are efforts to find new techniques in forecasting in order to improve precision and speed. The
improvement is achieved by using new technique or a combination of techniques. This research aims to optimize
support vector regression in forecasting time series by using the error to increase the accuracy of the model. The five
datasets used in time series analysis are the daily temperature of the Fisher River, monthly milk production, the sea
level pressure data at Darwin, carbon dioxide concentration at Mauna Loa mountain, and the atmospheric pressure
difference between Tahiti and Darwin. The precision of the proposed model is compared against the traditional support
vector regression and the ARIMA models using the root mean squared error and the mean absolute error metrics.

From the experimental results, the proposed method can improve precision of the support vector regression technique.

Keywords : Support vector regression, Time Series, Error
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Table 1 A comparison of RMSE from the training dataset
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Table 4 A comparison of MAE from the test dataset

data SVR Proposed method | % Improvement data| SVR |Proposed method| ARIMA |% Improvement
temp 5.15720 5.11310 0.855115179 temp | 9.07392 8.96033 12.73791 1.25183
milk 22.4174 21.4962 4.109307948 milk |48.35438 39.37634 66.36006 18.56717
SLP 1.0115 1.0099 0.158180919 SLP | 1.57495 1.48809 2.155819 5.51510
co2 0.4751 0.434 8.650810356 co2 | 5.58294 5.27019 2.42601 5.60189
SOl 1.5845 1.5772 0.460713159 SOl | 1.45858 1.49647 1.530834 -2.59773

Table 2 A comparison of MAE from the training dataset

data SVR Proposed % Improvement
method
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Abstract

This research studies the effect of v-ring distance on blanking force in fine blank process by using finite element

method. In simulation model, the workpiece materials were medium carbon steel (S45C) with thickness of 4 mm. The

v-ring shape was used with distance of 2.0, 2.8 and 3.5 mm. and die diameter of 20 mm. From the simulation results,

the v-ring shapes at increased distances have effects on decrease of blanking force value and the material flow.

However, the optimum of v-ring distance in this study was 2.8 mm.

Keywords: The v-ring distance, Effective stress, Fine blanking process.

UNKI

waluladnsdalansdronszuiumsdaazidua (Fine
blanking process) uN3=1awmMsdatwNwATiLsansnwW
miﬁ’muﬁsmL%’aLLa:ﬁunuﬁ@‘iﬁLﬁaammﬂmsvl,@‘fmfﬁa
ARE RS OV IC e LLazﬁmmLﬁmmagﬂ@ﬂﬂﬁﬂmn
soouan aounwiasliganuindulunmsinnsanudsfia
NUFAUNTZLIMATIA N IBUATTLIUMIANLAITOLAA
nndeldf3sumanitasrinliinalulainmsdaasidoale

%um’mausl,ﬁlLLazgﬂﬁ’lmﬂszqﬂ@ﬂ"ﬁaﬂ"mLLwiﬁmumﬂlu
WALQATANTIN LTh q@lmﬂmmwam%umumuwﬁ
qma’mmmm’é@%umuﬁLﬁﬂmaﬁﬂﬁﬂuﬁua’m%ﬁmad
o a Aa o @ & &
NIUIUMIFAALIIANANINNTZUINATFAN 13 1714
naLbaInnInEAMzEan llunsdaNuane1snunaIfe
lunszuruwmsdaaziduanuazltusslunisnadaduan
v d’ d' a €d'nl| 1 a o
LRZLIIFIWNTARaUNVINUTNRAWINATINITTAT b
AnTnslgunIndn 36 3 (V-ring) Aidluwazlhsuan

" S@an3, FUNIIBAMUA ABLIMINTINAIENT NN INNFINIIEITANN SUNBNUNTITE TIRIANAIZITAIN 44150

? 530?[’)&@5’)@755, ngITumTaanuULYianuIasuazIASaIlaN A INTaY ABKIAINTIVMANT URTINENREUMIFITAIN SUNDAUNTITE

IRIANAIFITAIN 44150

" Engineer, Faculty Administrative office, Faculty of Engineering, Mahasarakham University, Kantharawichai District, Mahasarakham 44150,

Thailand.

? Associate Professor, Heat Pipe and Thermal Tools Design Research Unit (HTDR), Faculty of Engineering, Mahasarakham University,

Kantharawichai District, Mahasarakham 44150, Thailand.

* Corresponding : Bopit bubphachot Heat Pipe and Thermal Tools Design Research Unit (HTDR), Faculty of Engineering, Mahasarakham

University, Kantharawichai District, Mahasarakham 44150, Thailand. E-mail : bopit.b@msu.ac.th



460 Nattarat Sanmeema et al.

Fnanuwdanmadanliad g maniiunazainadan na
vodilaTaqluduau uazdinansznudausaflglunsda
LOUTUWINWIRTIANNAR 2 G719 WRAIAUUINILTIUA I
3nlu Figure 1. uaz Table 1.
utl 2545 aangualldvhnsdnsszozvnsvas
WwKINNNYBLARfMINzAINNdan NN TWINuaRRLToA
&
U3§NT (A1100-0) %11 4 mm 18 ARATIHZHIIURIUIN
INVOLAA 4 x8zfa 2.5 2.8 3.0 LaT 3.5 mm N3NNI
G = a a A a o
WSsUMsUAUNIH N TUrIuIn INNIINAaaINinng
VALKE VI UNINLBLAR ANMUFNAUTTERINILTIALRE
Teue9lnIae HANITITOWLINTLULHIITOILAINAN
INVOUAA 2.8 mm ¥ I vl@i”%umuﬁﬁqmmwﬁﬁﬁq@
waz WWalfuniuinfiagndveudannuazifielfuniuin
lfusslumsdannninlunsdlilfumiwin wanainsiu
wuinaflean lsunsuWludiefiuud (Deform2D)
Adwm inluluAemadeinuranmasad wazludl 2554
@  as .f a a ([4] v U a
qFANG, ANNTT UAz MANTWA "l,@ﬂ'swqﬂﬁ‘lml,mmm
LﬁaLﬁuqmmw%umﬂmmﬁwﬁé’m’;’aqﬁﬁwmiﬁﬂmﬁa
wannan lsadia (AISI 430) wun 2 mm Aszazrineannaay
AATWINB 2.5 mm WAzl FIUBIUNIKINGINKAD
0.4, 0.6, 0.8 a 1.0 mm T@ﬂwudwmwgwammuﬁﬂ
l:l tg/ a v a a ' k4
VAN TN A TLUZANNFIVDIATL T88AN0 SepiGs
uK A0 UAT TzEzANUFIVRITIUTIUATILRLTY
LLNuﬂ@ﬁu%mmﬁﬁLLmuﬁﬂﬁaULﬁuqmmwmawauﬁ@
Tudw LRANNEN ISaRuLNIA AISI 430
PMNINUITLNEIBUINIRITNARBILATLULINRD
NI AL ALY DI BNIWATLLHIIVBILAIUI NN KA
@iaqmmw‘?ju azLﬁu"L@ﬁ”’hm'sLﬂﬁwﬁﬁmaﬁaeﬁumu‘lu
a 2 [ Kz: o & 2 a
ANIFAAENTEUIRNNT N LUAIATAY s udasdinng
aaﬂLLum:m:'vmmaaLLmu’ﬁﬂlﬁmmzauﬁuﬁqmﬁ@ﬁu
LﬁaomﬂmeﬁmzﬁaNaimmwiaﬂmmw%umu‘“ IR
INSANENNWITB U Aa lNIANBNTT BT ILAININ LY
& e 9 P o A
ATUIBMTINITLURIANY lasuinluinmsinmInasasn
dadlfsudszanmdliiolumsfinegs wazldimuu o
4 o A o 8y o
AsNazinuanunUszndalsanounaziian SInuy
N & a e A & A
a9 ludiafiundasduniafonnienannnm
FinnT e é’uﬁumiﬁﬂmﬁﬁu Wwiunaziuuudaes
VT LWNSAN BT YR IIVDILRIBINN N NAG B TA LA
B AT nluTwIn NIz UINNNIFAazLBIaaI LU

18093 W ludafuund

J Sci Technol MSU

o 6 a o
'Jmi]"lls$ﬂﬂ AYBINIIIVE
1. INaANBNIZELAIWAIUIN (V-ring) NINaRE
. 9 a a & 2
ANANNLARLTEENTHA N TR T WL UR AN
2. WNaAN®ITZHZHIILRININ (V-ring) NTKAGE
AunauulunzuInmMsiWiiuasdng

Aad o =) ~ Q
ADANLWBWBNTIINVE
NMIANENBNTNATLHLUNIVBILAIBINNNHNAGD
AaNUABUTEENTHA Lm:qmmwmaa%m’mluﬂszmu
& 2 ae X o ~ A & a &
My sinuaIans udTeiazltsndouitIn ludiafiund
lawlglusunsunsnaufiiimes (Deform2D) LWadnauas
Uszniaralunsdiwi s wuusaeinbiduiuy 2 @
8819918 GIuEAdb Figure 2 lapasfnmn Jroevinsvas
WAIWINAYIASAN®N 3 52@U Aa 2.0, 2.8 WAL 3.5 mm
FununazyinmdarduwnannanasuantuwnansIasin
(JIS S45C) VWIAAMUAW 4 mm Iﬂuawmsﬂauaa@ﬁm’
Q U =1 L
289789 ldN1NNINAFALLIIRS Asuaaslu Table 2
ﬁ%m%'mﬁumugmﬁﬂmwaam aNYAIAN I TVIIA 20 mm
lagfizasrereninusifuiiyiniy 0.5 %t fmualiiag
Tuwduuuudaa@n wana@n (Elasto-plastic) 7ausl
3 v Q/ a
NUNUIzNaUAY WWﬁr(Punch), @18 (Die), WAIUAN (V-ring)
6 o 6 o YV
LRZLANLABINWWT (Counter punch) Arua iy
289499 (Rigid) STUSIWIUMTULILORUAN T I
Fuault 3,000 ofiuud iuuuuiwipNTa Ty tialdifa
mnwmﬁ'ﬂ“uaa%’aqlmmuﬁﬂaad IR DIRNRUARINNT
WANANANG@ (Critical value, C) FaagUe1613lu Table 2

V-ring A
| Punch
45° | 45°
W4 ow
Counter punch
T
Die

Figure 1 V-ring shapes™”®



Vol 36. No 4, July-August 2017

Table 1 The V-ring design (dimension in mm and angle in degree

V-ring Distance on Workpiece Quality in the Fine Blanking Process

)5, 9

Thickness A HR R
1.0-17 1.0 0.3 0.2
1.8-22 14 0.4 0.2
23-27 1.7 0.5 0.2
28-32 21 0.6 0.2
3.3-37 25 0.7 0.2
3.8-45 2.8 0.8 0.2

Table 2 Simulation conditions

Simulation model

Equation/Constant

Material type

Wopkpiece: Elasto-plastic

Mold: Rigid

Material JIS:S45C (W1 4 mm)
Flow stress & = 185.035%%%%% + 640
Diameter & 20 mm
Clearance 0.5%t
Speed 0.1%/sec
Fracture Rice&Tracy (ou:1)
Critical value(C) 0.25
Friction (L) 0.1

Punch V-ring

Counter punch

Workpiece

Die

Figure 2 Simulation model in fine blanking process by the Deform 2D
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Deep distance V-ring distance (mm)
0,
(%) 2.0 2.8 3.5

25 Stress - Effective (MPa) Stress - Effective (MPa) Stress - Effective (MPa)

481
19.0 I 242 I

1.13 0.0349
50 Stress - Effective (MPa) Stress - Effective (MPa)

' 271 !

147 I > I

0.174 235 0.168
75 Stress - Effective (MPa) Stress - Effective (MPa) Stress - Effective (MPa)
133 I 224 I

1.43 0.109

Figure 3 The effective stresses at difference of deep and v-ring distance
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Figure 4 The material flow at difference of deep and v-ring distance
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Abstract

Particulate matter diameter of less than 10 micron (PMm) is one of the most important air quality concerns in
northeastern Thailand. In this study we integrate ground-based measurements and satellite data to map temporal PM10
concentrations for the entire provinces of Khon Kaen, Loei, and Nakhon Ratchasima. We specifically used MODIS
Aqua and Terra data and Geographic Weighted Regression (GWR) models for mapping and extending the
ground-based PM concentrations. The purposes of this study were 1) devise spatial modeling for PM10 concentration
assessment 2) PM10 concentration mapping. The method used surface reflectance which can be obtained from MODIS
product MODQS9, in correlation with PM10 values obtained from 3 ground measurement stations of the Pollution Control
Department (PCD) by using 3 regression types: cubic models, exponential models and multiple linear models.

The result shows that (R?) calculated by multiple linear models between 2 bands (3 and 4) of surface reflectance and
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PMm values, has a high value of 0.742 and is highly correlated using regression. RMSE calculation and verification

of the concentration values obtained from the equations with the values from ground measurement was conducted.

In consequence, the generated PM10 is correlated with the values from ground measurement.

Keywords: Spatial modeling, Particulate matter diameterless than 10 micron, Terra/Aqua imagery
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Table 1 Prediction Model for PMm on March
wavelength regression equation R’ equation
b, linear 0.402 PM, =0.718+1295.588(b, )
cubic 0.248 PM_ = 101.012-9151.956(b1)"+119667.027(b, )’
exponential 0.314 PM = 46.201(e)™ Y
b, linear 0.411 PM, = -221.094+1615.293(b,)
cubic 0.226 PM, = -372.471+2668.632(b2)2-7247.77(b2)3
exponential 0.402 PM, = 8.01 1(e)'> '™
b, linear 0.501 PM, =-4.2+2628.903(b,)
cubic 0.426 PM, = 89.724-20383.783(b3)2+690714.352(b3)3
exponential 0.258 PM, = 44.457(e)'9?®Y
b, linear 0.642 PM, = -49.027+2150.975(b,)
cubic 0.416 PM, = 132.587-1461.105(b,*+202200.892(b )’
exponential 0.571 PM_= 31 A457(e)®T®Y

Table 2 Prediction Model for PM10 on April

wavelength regression equation R’ equation

b, linear 0.426 PM, =127.564+255.612(b,)
cubic 0.236 PM, =-2892.6+56226.975(b, )*-2796000(b, )’
exponential 0.328 PM, = 150.984(e) %"

b, linear 0.451 PM, = 65.317+420.86(b,)
cubic 0.279 PM, = -2857.939+22655.95(b2)2-188370.039(b2)3
exponential 0.402 PM, = 76.019(e)**""®?

b, linear 0.567 PM, = 121.329+644.439(b,)
cubic 0.428 PM, = -2922.224+110393.619(b,)*-20760000(b )’
exponential 0.242 PM, = 145.998(e)-"*"®

b, linear 0.679 PM, = 111.905+494.669(b,)
cubic 0.428 PM, = -2538.997+73708.125(b,)*-502920.809(b,)’
exponential 0.621 PM_= 139.36(e)" ™"
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Table 3 PMm Prediction Model using reflectance data derive from AQMS 3 station (February-April 2015)

wavelength R’ equation

1,2 0.321 F’M10 = 236.264(b1)+418.029(b2)+46.339

1,3 0.426 PM10 = -201682.919(b1)+396895.204(b3)-31.346

14 0.512 PM10 =-230.731 (b1)+739.141 (b4)+1 12.801

2,3 0.432 PM10 =41 7.447(b2)+609.575(b3)+40.1

24 0.512 PM, = 396.572(b,)+282.872(b,)+49.087

3,4 0.742 F’M10 = 26.961(b3)+480.212(b4)85.836

1,2,3 0.355 PM10 = -208256.453(b1)+621 .801(b2)+409758.435(b3)-157.315
1,24 0.495 PM, = 184.216(b )+411.824(b, )+79.54(b }+45.956

1,3,4 0.425 PM10 = -259562.455(b1)+503502.206(b3)+5529.567(b4)-184.475
23,4 0.581 PM_ = 433.401(b }+868.909(b )-202.72(b )*+41.003
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The usage of rice straw in Interlocking block
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Abstract

The objective of this research was to study the usage of rice straw in Interlocking block. The straw was ground through
No. 4 sieve size and then used to replace the clay in 0, 5, 10, 15 and 20 percent by volume in order to test the
compressive strength, density and water absorption at age 7 and 28 days.

The results showed that the use of rice straw to replace the clay in various ratios led to the decrease of
compressive strength and density of interlocking blocks. The optimal volume of rice straw to replace clay in this
research was 5, 10 and 15 percent by volume which had a compressive strength at 28 days that was 45, 34 and 30
ksc. or 86, 65 and 57 percent of interlocking block control, respectively. When the values were compared with the
community product standard 602/2547, these interlocking blocks were classified as non-load bearing type. In addition,
it was found that the density was decreased when increasing the amount of rice straw while the percentage of water

absorption was increased higher than that of interlocking block control.
Keywords: Interlocking block, Compressive strength, Density, Water absorption
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Figure 2 Rice straw No. 4 sieve size.

Table 1 Mix proportions of Interlocking block.

Figure 3 Clay of Interlocking block.

OPC Clay Rice Straw Sand Cement/Aggregate
MIXTURE
(kg) (kg) (kg) (kg) ratio
BC 0.70 3.20 0.000 1 1:6
RS 5 0.70. 3.15 0.0005 1 1:6
RS 10 0.70 3.10 0.0010 1 1:6
RS 15 0.70 3.05 0.0015 1 1:6
RS 20 0.70 3.00 0.0020 1 1:6

BC= Interlocking block Control, OPC= Ordinary Portland Cement, RS = Rice Straw
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result.

Table 2 Chemical compositions of Clay.

Laser Diffraction Particle Size Analyzer test Figure 6
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Scanning electron microscope image x100
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Chemical compositions

Percentage (%)

Na O
2
MgO
AlLO

2 3
Sio
2
PO
2 5
SO
3
Cl
KO
2
CaO
TiO
2
Cr O
MnO
Fe O
2

Zro,

0.04

0.08

11.55

84.92

0.06

0.02

0.02

0.1

0.05

0.59

0.01

0.01

2.5

0.05
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Table 3 Compressive strength, Density and Water absorption test results.

Compressive strength (ksc)

Density (kg/m°®) Water absorption (%)

MIXTURE
7 days (%) 28 days (%) 7 days 28 days 7 days 28 days
BC 37 (100) 52 (100) 1,690 1,687 5.00 6.00
RS 5 31 (83) 45 (86) 1,684 1,656 5.33 7.21
RS 10 22 (59) 34 (65) 1,636 1,625 9.16 10.59
RS 15 18 (48) 30 (57) 1,593 1,531 12.47 12.32
RS 20 12 (32) 22 (42) 1,533 1,440 13.70 14.58

namInAsauTagaznIInAgan

o9

IMNNANIINATFAUNUIN nné‘mﬂd’mmﬂmuﬁ

v A v s 5 oa X ~
°11ad%hamwmiaﬂa:m‘sg}mu‘mmeumuﬂimmma
o dA X T X v aa . o
FANTN Naditasannnstdansmedulngs 69

uaadlu Figure 7 Waltunufidu Jualiiialnseluds

- . o o ¥ o2 X 4
uiendszanu danalifidinigaduiiAntn uazila
Lﬂ‘%ﬂmﬁﬂumsmi@m%uﬁﬂudmwamﬁmﬁuﬁmqm‘s
NARAUA1INK WuI1TasaznIgaduitveddguien



Vol 36. No 4, July-August 2017 The usage of rice straw in Interlocking block 483

Uszanufiany 28 Tu derfasaznigaduii anndieny  Bgudeanuizanu SimeandeaiunwITBAdwN" diuaed
7 Tu nndanadiunan Metlilesann edgufendszan 1w Figure 11
fionmanniudianutudaiaaas nnssznosaninlu

60 -
B Compressive strength (ksc) 7 days

50 -
B Compressive strength (ksc) 28 days

40 -
Community product

30 -

20 -

10 -

[ =¥l mno o Mo 1N MmO 18 Mo AN

Figure 8 Relationship of compressive strength and rice straw replacement.

by

10kV  WD20mm SS35
62 o b%

Figure 9 Scanning electron microscope image x30 of Interlocking block.



484 Piyaphol Srihabutra et al.

J Sci Technol MSU

1,750
1,700
1,650 -
1,600 = Density (kg/m3) 7 days
1,550 \\
\ e —J—Density (kg/m3) 28 days
1,500
1,450
1,400
1,350
1,300 T T T T 1
RC RS 5 RS 10 RS 15 RS 20
Figure 10 Relationship of Density and rice straw replacement.
20.00
15.00 1370 '+
- 12.47 13.10 '
10.59
10.00 916
7.21 ]
6.00 6.18
5.00
5.00
0.00
BC RS 5 RS 10 RS 15 RS 20
[71Water absorption {%) 7 days Water absorption (%)
Figure 11 Relationship of Water absorption and rice straw replacement.
%qmﬁtaza;ﬂwa 3. ﬁ!aﬂa:migw‘fiuﬁ,waaaguﬁaﬂﬂizmmﬁu

mnmsﬁnmmﬂ"ﬁﬂnﬁnLmuﬁauluﬁguﬁaﬂﬂszmu
mmsna@ﬂNamsmaaovl,@?ﬁwiavlﬂf:

1. fdsdaveddguiandszauiiunufidaanng
Fnfidanasnuliinmnsunud wasiidmsssauia
mﬂ‘ﬁuﬁmqmimaau 28 u ial3uuifs iU INay
Wdentiu Tnamsunuiiniedn $ouas 5,10 uaz Sauas 15
Jenidsdafiony 28 Tu shwnmsinnasgusdadoe
°I§3J°E‘H> 602-2547

2. danunwnknasdzudendszauidiag
mmuﬂ%mmmnmuﬁmmﬂw%mné’mwa’auwau
ilasananunwuinyasnsddtesnitduess

lwinalwssludguiondszau Fshianunuiuiuaans

¥ - v oA X L X4 v
PuaruUIurmnsTININ N NIkLibaInNWIIT1IN
> &) U dld 1 v U a =3
snwazidwdnlondlnsg saualwnoludaudguien
Ao & 9 s § 8 a X
Ussgulanusaiiulnssanylleqe MIQATUINIINNDY
4. mawnuinhedludsufendsesudinali
ANNRI0ARARINNUSNIINITUNUN watlananTIan
ANATPIUNRAA U T 602-2547 WudENnInlEHng
Trununanlans Savaz 15 lawdsuneas dadudSumn
| a =3 a 1 901 L ﬂl
manzaududgufandszauriialiiuimnn waziie
Aot nurmLiuzeIdzufandszaiu wudiden
saad Soinlwnaudufendszsulininanss sInad
TumsneasuazinudamInfoniny TES



Vol 36. No 4, July-August 2017

naanssndsznd
mamauqmnuaﬁum&umﬁ%‘mwn VAIINLIRY
FNTAYUAIENIAN Teulsennns 2558

LaN&NTA19D9

1. #1139 §1301A4. miﬂs:qnmﬁlﬁﬁmaﬂlumiwﬁm
vaandszsn. InsfinuidIygiensiuaaas
VAL TUN mm’m‘%mimuﬁaa‘?ﬂma:mmi%ﬂm.
fuinimianuaan’ amineasmaluladys
W19; 2556.

2. SUNIWATHINANIINEAT NTTNTNBAIUSTEANIDL,
177, Twienssdsznaunis suuw nziasegne
manuail 2548 uazumwalidad 2549.n39mwe:
T59UsuTNMSIAUR; 2548. i 3-8.

3. dszmw dna, Aaawss q‘ﬂ‘s,amiﬁ UNFITITH,
fiswa tTuae. malgduRugiunWlundadmsivien
UIEmn. 1T M IMINA W TUTBUAEA N INTIQ
2558; 3(2): 239-247

4. 29797 UiU&d. AuENTENIIEIUIAINTINYBIB]
uSenUszmuanuninandasnadsinawe Sl
LON&1INMINTUTNITINSG asif 8 ANy
INBATAENT INLUVATUNILIY; 2554.

5. Satawat Haruehansapong, Twich Pulngern, Somchai
Chucheepsakul. Effect of the particle size of nano-
silica on the compressive strength and the optimum
replacement content of cement mortar containing
nano—SiOz_ Construction and building material
2014;50(1): 471-477.

6. waﬁgﬁ AT, NINER

a &

aguRandszrIwIINNIN
AARINNTIN. MNBIUMNITIIL. umInenasina lulad
NTNIRRTAnlnFUNS; 2555

7. Erniatia, M. Wihadi Tjarongeb, Zulharnaha, Ulva Ria
Irfanc. Porosity, pore size and compressive strength
of self-compacting concrete using sea water. Proce-
dia Engineering 2015; 125(3): 832-837.

8. éwﬂfﬂmmgmwﬁmﬁm‘ﬁqmamnim. VAIIIU
WA @A nNITNBgURaNYTTA I (WND.602-
2547). NFINNY : NITNTWAATIANTIN; 2547.

9. Wran aawanidauna, ummMa T9IBY, AN LW
553936, anuduldldvesnslaninasznawall
mnmiwfﬁmﬁﬂUi:ﬂﬁauﬁugu&uuﬁuéﬁmuﬁma%éﬁ
LLazﬁguﬁaﬂﬂi:mu. 7913813 Rajabhat Journal of

10.

1.

The usage of rice straw in Interlocking block 485

Sciences, Humanities & Social Sciences 2556; 13(1):
48-54.

Tayfun Uygunoglu, llker Bekir Topcu, Osman Gen-
cel, Witold Brostow. The effect of fly ash content and
types of aggregates on the properties of pre-fabricat-
ed concrete interlocking blocks (PCIBs). Construction
and Building Materials 2012;30(1):180-187

30 LATYLUATNA. Eguﬁaﬂﬂszmuﬁﬁmuwamﬁ’]
waznzAENTNTU, NIFNTMINAITUTUUAE
ALNINTAA 2557; 2(1) 103-112.



Awuraualy

MMSauneun1stasela i kNI BIsCUUNA NABNIARILAZLANDINIAALINIZH
N2l
Comparison of Moving Water and Aeration Fish Cage with a Standard Fish Cage for

Nile Tilapia (Oreochromis niloticus) Culture
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Abstract

The objective of this study was comparedan effective of moving water and aeration fish cage (MAFC) with standard
fish cage (SFC) for Nile tilapia culture. Designed the experiment in Independent t-test was conducted in 2 treatment
with 8 replication each. Fish with initial weight 0.25 + 0.01 g. and initial length 1.10 + 0.10 cm. were stocked in fish
cage (1.5 x 2.5 x 0.9 m.) with 200 fish/replication. Treatment 1 was standard fish cage (SFC) and treatment 2 was
moving water and aeration fish cage(MAFC). Feed were given in 2 ration daily for 12 weeks period. Result shown that
the treatment 2 (MAFC) were better in average weight gain, average daily gain (ADG), average length, feed
conversion ratio significant different (p<0.05) with treatment 1 (SFC) while carcass quality were not significant different
(p>0.05) in all carcass quality parameter at the both treatment. Whereas, Water quality at the all period of experiment
time were suitable for Nile tilapia culture. And then dissolved oxygen and ammonia in water were better in treatment

2 (MAFC) significant different(p<0.05) with treatment 1 (SFC)

Keywords: Nile Tilapia, fish cage, aeration system
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Figure 1 Moving water and aeration fish cage
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Table 1 Effect of difference fish cage on growth performance in Nile tilapia (Oreochromisniloticus) after an experimental

period of 12 weeks (Mean+S.D.)

Parameters Treatment
SFC (T1) MAFC (T2) p-value
Initial mean weight (g) 0.25+0.01 0.25+0.01 0.902
Final mean weight (g) 41.48+2.05° 64.67+2.52° 0.038
Average daily gain (g/day) 0.46+0.05° 0.71+0.02° 0.016
Initialstandard length(cm) 1.10+0.10 1.10+0.10 0.860
Final standard length (cm) 12.32+1.89" 15.16+1.63° 0.042
Specific Growth Rate (%/day) 1.12+0.14° 1.31+0.12° 0.049
Survival rate(%) 96.41+0.87 97.79+0.65 0.608
Feed conversion ratio 1.45+0.02° 1.38+0.03" 0.031

*’means within rows with no common superscripts are significantly different (p<0.05).
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Table 2 Effect of difference fish cage on carcass quality in Nile tilapia (Oreochromisniloticus) after an experimental

period of 12 weeks (Mean+S.D.)

Parameters Treatment p-value
SFC (T1) MAFC (T2)
Bone and Scale (%) 55.64+3.12 57.47+2.52 0.120
Edible Flesh (%) 38.60+2.02 36.71+1.88 0.089
Visceral mass (%) 5.76+1.82 5.82+2.52 0.062
Hepatosomatic index 1.76+0.34 1.81+0.26 0.104
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Table 3 Water quality in experimental fish cage for rearing Nile tilapia (Oreochromisniloticus) between an experimen-

tal period of 12 weeks (Mean+S.D.)

Parameters Treatment
SFC (T1) MAFC (T2) p-value
Dissolved oxygen(mg/l) 5.20+1.21° 7.90+0.84° 0.021
pH 8.67+0.08 8.60+0.16 0.060
Temperature (°C) 28.20+0.54 28.00+0.35 0.883
Total Dissolved Solid (ppm) 11.39+1.21 11.75+0.95 0.607
Alkalinity (ppm.) 35.05+1.38 35.24+1.64 0.410
Hardness(ppm) 66.57+1.84 66.39+0.94 0.135
Electric Conductivity 59.25+2.36 59.15+1.18 0.612
Ammonia(mg/l) 0.25+0.01° 0.18+0.02" 0.018
Nitrite-Nitrogen(mg/l) 0.29+0.03 0.21+0.01 0.132
Nitrate- Nitrogen(mg/I) 12.50+1.28 10.08+1.69 0.184

*’means within rows with no common superscripts are significantly different (p<0.05).
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Abstract
This study aims at classifying forest fire risk in Tad Tone National Park, Na Fai sub-district, Mueang District,
Chaiyaphum Province by using object-based image analysis. There were 5 factors used in the analytical process,
namely (1) Normalized vegetation index (NDVI), (2) Heat indicators derived from Thermal infrared band, (3) the
distance of transportation network, (4) slope, and (5) Green vegetation index (GVI) derived from Landsat 8 OLI
imagery. Each category was correlated and compared with existing forest fire collected from field surveying for creating
the classification rule set. The results indicated that the low risk area was 137.07 sq. km (60.28%).The moderate risk
of fire showed the area of 65.41 sq. Km (28.81%). The high risk fire showed the area of 24.78 sq. Km or 10.91 percent

covered by forest, mostly deciduous forest dispersed from north-south and east of the study area.
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Table 1 Features and criterionselection for forest fire risk zone analysis
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Abstract

This research is an approach to produce electricity from bio-fermented juice manufacturing. There were two phases
to the experiment. The first phase was carried out to determine the types of bio-fermented juice and fermenting tanks
that could possibly develop into a microbial fuel cell for electricity production. As a result, a membrane-less single
chamber fermenting tank producing bio-fermented juice made from weed and Effective Microorganisms (EM) proved
to be the best alternative. Its open circuit voltage (OCV) was the highest while its short circuit current (SCC) remained
constant compared to 2 other types of fermentation juices, 1) fruit peel fermented with no. 2 bio-fertilizer (LDD2) and
2) food waste fermented with no. 6 bio-fertilizer (LDD6). The second phase of the experiment was done to investigate
the electrical parameters as well as the quality of bio-fermented juice made from weed and EM. The results revealed
that within 20 days of the fermenting period, the membrane-less single chamber produced OCV in the range of 457
- 780 mV, SCC in the range of 4.25 - 7.78 mA and ideal electrical power between 1.942 - 6.028 mW. Consequently,
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the calculated maximum current density, potential density and power density were 778 mA/m?, 78 V/m’, and 606.84

mW/m?®, respectively. Concentrations of the following compounds in the fermented juice tended to decline over the

period of fermentation. Ammonia was in the range of 141.51 mg/l - 1433.11 mg/l, nitrate 0.84 mg/I - 13.11 mg/I, nitrite
1.57 mg/l - 516.65 mg/l, and Chemical Oxygen Demand (COD) was 43,478.26 mg/I - 150,000.00 mg/l. Color of the

completely fermented juice was dark brown like that of molasses mixed with water without dark turbidity; its pH ranged

between 3-4. The juice smelled like an alcohol mixed with sour smell of molasses. No rotten smell was observed.

Keywords: bio-fermented juice, microbial fuel cell, open circuit voltage, short circuit current, COD
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Abstract
The purpose of this research was to study the amount of volatile organic compounds (VOCs) and health conditions
of 47 workers in 8 fuel stations at City Municipality,Ubon Ratchathani province. VOC’s measuring equipment and
questionnaire was used to collected data.. Analyzed by frequency, percentage, average and standard deviation.
The study found that the amount of Total volatile organic compounds (TVOCs) in ambient air at 5 fuel stations
was in high level which maximum concentration was 600 pg /m°. The amount of TVOCs in one fuel station was in
medium level which average concentration was 420 pg / m®. Two fuel stations were in low level which average
concentration was 400 pg / m®. However, the resulted showed the amount of TVOCs of all fuel station exceeded IQA

standards. For health conditions study found acute symptoms most common are fatigue, headache, dizziness (55.3
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2| ecturer, **Bachelor degree student , College of Medicine and Public Health, Ubon Ratchathani University, Warin Chamrap District, Ubon

Ratchathani 34190, Thailand
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%, 51.1% and 44.7% respectively) which hospitalization for 6.4%. Most common chronic symptoms are anxiety and
irritability, poor memory or forgetfulness, loss of appetite and insomnia (51.1% 27.7% and 25.5% respectively).
Therefore the fuel station should consider to increase ventilation or assign the worker to operate in well ventilated

area. Consider to install the vapor control systems and effective of fuel dispensers. Also provide annual health

checkup and a separate dining area from working area.

Keywords: VOCs, health, fuel stations.
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Table 2 The amount of volatile organic compounds

(VOCs) in the working area

The amount of volatile organic compounds (VOCs)

_ (ug/m’)
station
average
front middle back
1 500 600 560 553.33
2 400 400 400 400
3 630 367 600 532.33
4 666 600 300 522
5 450 360 450 420
6 670 630 500 600
7 400 - 400 400
8 600 - 430 515
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Abstract

Poly (lactic acid) (PLA) and poly(butylene succinate) (PBS) for biodegradable polymers composites with chain
extenders were melt blended in a single screw extruder at 160-190°C. The blended materials were then processed
at 190°C by injection molding to produce tensile specimens. The effect of chain extenders (0 to 4 wt%) on
mechanical and thermal properties of PLA and PBS (10 to 50 wt%) blends was studied. Differential scanning
calorimetry was used to study glass transition temperature (Tg), melting temperature (Tm) and degree of crystallinity
(%7»0) of the blends. Adding chain extender resulted in the decrease of Tg, Trn and %Ac of both PLA and PBS.
The morphology of fractured surface was examined using scanning electron microscopy (SEM) and showed clear
phase differences depending on blend compositions. Phase separation between PLA and PBS occurred as PBS

composition increased. However, chain extender improved miscibility of the PLA/PBS blends. For PLA/50%PBS
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sample, tensile tests showed the elongation at break increased by 600% and thermal stability increased significantly

with added 4 wt% chain extender but the Young’s modulus and tensile strength decreased. Applications requiring both

tensile strength and ductility should use PLA/PBS blends with 2 wt% of chain extender, which provides moderate

tensile strength and ductility of the PLA.

Keywords: poly(lactic acid), poly(butylene succinate), chain extender, composite

Introduction

Biodegradable polymers from renewable sources such
as poly(lactic acid) (PLA), poly(butylene succinate) (PBS)
or degradable polymers from petroleum sources such as
poly(butylene adipate/terephthalate) (PBAT), poly(ethylene
terephthlate/succinate) (PETS) and poly (e-caprolactone)
(PCL) have been studied by various researchers."® PLA
is a biodegradable thermoplastic polyester derived from
biomass, such as sugar, corn and beet, which possesses
good physical and mechanical properties combined with
biocompatibility and biodegradability.“‘5 Particular interest
is the reinforcement of PLA because the thermal properties,
toughness, water vapor and gas barrier properties of PLA
are inferior to those of conventional petroleum based
polymers.s’7 One strategy to tailor the properties of PLA
is combining the polymer with reinforcing elements.

The blending of conventional polymers has been
extensively used to develop new polymeric materials.
Blending PLA with other polymers is a practical and
economic way to toughen PLA. Elastomers have
commonly been considered as efficient tougheners for
plastics. The elastomer particles behave as stress
concentrators enhancing the fracture energy absorption
of brittle polymers and ultimately result in a toughened
material. Numerous elastomers have been blended with
PLA, such as thermoplastic polyurethane (TPU). Such
immiscible blends exhibit different types of heterogeneous
morphology, which depends on the blend composition,
interfacial tension, processing condition and rheological
properties of the component.8

PBS is biodegradable aliphatic polyester produced
by polycondensation of 1,4-butanediol with succinic acid.*
It has high flexibility, impact strength, thermal and
chemical resistance." It can be blended easily with PLA.
Several PLA/PBS blends have been investigated.3 However,

simple blending of PLA and PBS may produce a phase-

separated PLA/PBS mixture; therefore efforts have been
made to improve the compatibility between PLA and
PBS."

We aimed to produce a blend of PLA and PBS
by addition of an epoxy based chain extender. We
focused on the influence of a chain extender on the
mechanical and thermal properties of PLA/PBS blends.
Such a blend would be expected to provide a better

compatibility.

Experimental details

Materials

PLA 3051D, a NatureWorks LLC product, was
designed for injection molding applications where the
requirements are clarity with heat deflection temperatures
lower than 55 °C, Melt Flow Index is 1.12 g/10 min (155
°C, 2.16 kg) were measured following ASTM D1238, Trn
about 150 — 165 °C and Tg about 55-65 °C.

The other biodegradable polyester used PBS
(gradeAZ7ITN), supplied by Mitsubishi Chemical Corporation,
Japan. PBS melting point is 115°C. Its density is 1.26 g/cm’
and Melt Flow Index is 220 g/10 min (155 °C, 2.16 kg).

Chain extender (Joncryl® ADR 4368-C from
BASF (USA)) is a compound of hydroxyl, carboxylic acid,
anhydride, amine and epoxy groups. Figure 1 shows

schematically the multi-functional chain extension concept.”

Figure 1 Schematic representation and the principal

of chain extension
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Blend preparation

Before blending, PLA and PBS were dried in
vacuum oven at 80°C for 3 hours to remove moisture.
The PLA, PBS and PLA/PBS (90/10, 70/30, 50/50) blends
with 0, 2 and 4 wt% chain extender (C) were processed
at 100 rpm and 190°C in a single screw extruder (HAAKE
Polylab OS system). Thick tensile bars (ASTM D638 Type
I) were prepared by injection molding using a Plastic
Injection Molding Machine (ING-58T) at 190°C. Sample
characteristics are listed in Table 1.

Tensile testing

Tensile properties were measured following
ASTM D638-10 at a crosshead speed of 50 mm/min. The
static tensile modulus, strength and strain-at-break were
measured at room temperature (~25°C) and atmos-
pheric conditions (relative humidity ~50 + 5%) on a
universal testing machine (Narin Instrument Co. Ltd.,
Model: NRI-TS500-2S). Five specimens of each sample
group were tested and the average results were reported.

The experimental data were compared with a
theoretical model to predict the Young’s modulus, tensile
strength and elongation at break of the composite
materials. The model used the classical Rule of Mixtures
approach where the Young’s modulus, tensile strength

and elongation at break was calculated from:"
T=TX +TX 1)
L L B B

where T is the composite modulus, tensile
strength or elongation at break, TL is the PLA’s modulus,
tensile strength or elongation at break, TB is the PBS’s
modulus, tensile strength or elongation at break, XL is the
matrix volume fraction and XB is the PBS volume fraction."

Scanning electron microscope (SEM)

The morphology of the sample surface was
recorded with a JEOL JSM-6460LV scanning electron
microscope (SEM) operated at 10 kV. Samples of neat
PLA, neat PBS and PLA/PBS blends with fractured
surfaces were prepared by brittle fracture in liquid nitrogen
and all specimens were sputter-coated with a thin layer

of gold (20 nm) prior to examination.
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Differential scanning calorimetry (DSC)

The crystallinity of the PLA matrix phase usually
influences the mechanical properties of the blends, so
thermal analysis used a differential scanning calorimeter
(DSC, PerkinElmer Instruments, DSC 4000) under a
nitrogen atmosphere.

About 5 mg. samples cut from the molded tensile
bars and sealed in aluminum pans then heated from -10
to 200°C at a rate of 10 °C/min. The melting temperature
(Tm), apparent melting enthalpy (AHf) and enthalpy of cold
crystallization (AHCC) were determined from DSC curves.
Parameters Tm and AHf were taken as the peak
temperature and the area of the melting endotherm,
respectively.

Crystallinity of PLA (A, (PLA)) and PBS (A (PBS))

blends in the samples was estimated from the first heating

cycle using:
AHpm ¢
%A, (PLA) = [ E5) x 22 @)
f(PLA) w
AHpm ¢
% (PBS) =[5 5 x =2 3)
AHE(pps) w

where 8Hf, ., ,, is the enthalpy of melting per gram
of 100% crystalline (perfect crystal) (93 J/g)'® and PBS
is 110.3 J/g"" and w is the weight fraction of PLA or PBS
in the blends.

To determine the original crystallinity of the injection
molded PLA which has low crystallization rate, the extra
heat released during heating (i.e. enthalpy of cold
crystallization) was subtracted from the total endothermic
heat flow during melting of the whole crystallites.” Thus,
the modified equation for the crystallinity of the injection-

molded can be written:

AHm(pra)—AHcc(pLA) % 100

%kc (PLA) = [ (4)

AHE L4 w
Thermogravimetric Analysis (TGA)
TGA used a PerkinElmer Instruments (TGA4000)
from 30 to 600°C at a heating rate of 10 °C/min under
nitrogen. Approximately 10 mg of each sample was used
for each test. The loss of weight was recorded and

normalized against the initial weight. The thermal degra-
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dation temperatures were defined from the decomposition

temperatures at 5% weight loss (Tso/).

Results and discussion

Tensile testing

Tensile testing was tested by a Universal Testing
Machine (UTM) to investigate the influence of PBS on
Young’s modulus, tensile strength and elongation at
break.

Figure 2 (a) shows the change of Young’s
modulus as more PBS was blended into PLA. The results
clearly indicate that an increase in PBS content resulted
in a gradual reduction of Young’s modulus. The highest
and lowest moduli were 27.5 MPa for neat PLA and 12.5
MPa for neat PBS. According to Bhatia et al."®, the
gradual reductions of Young’'s modulus with increasing
PBS is related to the compatibility of PLA/PBS blends,
the higher portion of PBS results in lower compatibility of
PLA/PBS blends. After adding 50 wt% PBS the Young’s
modulus decreased to around 15 MPa, after adding 2
wt% chain extender to the composite material, the
Young's modulus further decreased slightly and then
significantly when adding 4 wt% chain extender in (Figure
2 (b))

Figure 2 (c) shows the influence of PBS on
tensile strength. The tensile strength of neat PLA was 61
MPa and neat PBS was 30 MPa. Similar to Young’s
modulus, increasing the PBS portion reduced tensile
strength gradually. According to Bhari K et al.’, the
reductions of tensile strength with an increasing content
of PBS are related to the compatibility of PLA/PBS blends,
the higher content of PBS results in lower compatibility
of PLA/PBS blends. Excessive chain extender reduces
the tensile strength, so, for example an increase from 2
to 4 wt% chain extender in the 50 wt% PBS blend led to
a decrease to 22 MPa from 41MPa (Figure 2 (d)). The
combined blending of PLA with PBS and the incorporation
of the chain extender imparted both ductility and melt

strength to the system.”

J Sci Technol MSU

Figure 2 (e) shows that the elongation at break
of neat PLA was 13% and PBS was 21% and increased
with content of PBS in the blends. The elongation at break
of PLA/PBS blends mixed with chain extender greatly
increased with an increase in chain extender content see
figure 2 (f). The blend with 50% PBS increased elongation
at break up to 15.5% compared to PLA at 13%, ie a 17%
increase in elongation. Compared with PLA/50%PBS
blends without chain extender, we found that PLA/50%PBS
blends with 4wt% of chain extender elongation at break
increased by 600%. However, the elongation at break
increased by only 200% when adding 2 wt% chain
extender. This result is consistent with Radheshkumar et
al.*" and Chou et al.??, who investigated the influence of
compatibilizer content on the mechanical behavior of the
blends. They reported that the compatibilizer can improve
the ductility of PLA/PBS blends, because increasing
compatibilizer content results in higher compatibility of
PLA/PBS blends.

Even though the chain extender improved the
ductility of PLA/PBS blends, in contrast, excessive chain
extender also resulted in the reduction of the tensile
modulus of PLA/PBS blends such as the sample with 4
wt% of chain extender. The use of chain extender
therefore depended upon the application of PLA/PBS
blends as a working material, for example, PLA/PBS
blends with 4 wt% of chain extender is suitable only when
high ductility PLA/PBS blends are needed. Applications
requiring both tensile strength and ductility should use
PLA/PBS blends with 2wt% of chain extender, which
provides moderate tensile strength and ductility of the
PLA.

Figure 3 compares Young's modulus, tensile
strength and elongation at break from experimental data
to the rule of mixtures model. Experimental data closely
followed the mixing rule line. Figure 3(a) and (b) show
that both Young’s modulus and tensile strength decreased
with the increase of PBS content in the blends and Figure
3(c) shows the elongation at break which increased with
higher PBS content. Similar results have been reported

by Bhatia et al."
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Scanning electron microscopy (SEM)

Figure 4 shows SEM micrographs of fractured
surfaces of neat PLA, neat PBS, PBS/PLA blends and
PBS/PLA blends adding chain extender under 100x
magnification. As shown in Figure 4(a), the neat PLA
showed a smooth fracture surface, indicating a typical
brittle fracture and correspondingly low impact strength.
Meanwhile, fractured neat PBS (Figure 4 (b)) showed
rougher surfaces revealing more ductile behavior."”

With the different amounts of PBS, the blends
presented the different impact fracture morphologies.
Figures 4(c), (e) and (g), showing PBS content increasing
from 10 wt% to 50 wt%: at 50 wt%, larger PBS particles
appeared on the fracture surface, showing that PBS

promoted phase separation. This was attributed to the

PBS content (wt%)

PBS content (wt%)

(a) Young’s modulus, (b) tensile strength and (c) elongation at break from rule of mixtures Model and

combination of low interfacial adhesion between PLA and
PBS phases and much higher viscosity of the PLA
dispersed phases in the relatively lower viscosity PBS matrix.
Whereas for 10 wt% and 30 wt% blends, the fracture
surface was smoother revealing brittle behavior and good
dispersion of PBS in the PLA matrix was observed."
When the chain extender content was increased
to 4 wt% (Figure 4 (d), (f) and (h)), it was found that PLA
dispersed phases were smaller compared to blends
without chain extender. The ability to mix better caused
the chain extender to make a homogeneous composite
material. However, the morphology of the PLA/50%PBS
blend with 4 wt% chain extender presents more uniform
phases than that without chain extender and PBS particles

were more evenly distributed, which resulted in polymer
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blend toughness increase compared to lower PBS content
blends. Clearly, the phase structure of the PLA/PBS/chain
extender ternary blend played an important role in
enhancing PLA toughness. As the content of chain
extender increased, PBS and PLA became more phase
compatible, with significantly improved interfacial adhesion
between the PLA matrix and the PBS phase and the

fracture surface became more homogeneous.”

(c) PLA/10%6PBS e
»
=

(g) PLA/50%6PBS
&

2

Figure4  SEM micrographs of fractured surfaces of
neat PLA, neat PBS, PLA/PBS and its PLA/

PBS/chain extender composites

Differential scanning calorimetry (DSC)

Figure 5 shows DSC curves recorded during
heating of PLA, PBS and PLA/PBS blends. The glass-
transition temperature (Tg), the cold crystallization
temperature (ch)’ the cold crystallization enthalpy of
fusion (AHCC), the melting temperature (Tm), the enthalpy
of fusion (AHm) and the percentage of crystallinity (%7\,C)

for all blends are summarized in Table 1.

J Sci Technol MSU

The temperatures observed around 110 °C for
PBS and 156 °C for PLA for all PLA/PBS blend specimens
are the melting points. As shown in Table 1, Tm of neat
PLA was about 156.1 °C and neat PBS about 110.7 °C.
When PLA and PBS were mixed, we found two melting
points (see figure 5 (a)), caused by separation of the
mixed material: the first point is the melting point of the
PBS and the second is that of PLA. Trn of PLA and PBS
remained alike as the amount of PBS increased. In Figure
5 (b), (c) and (d), when adding chain extender, the Tm of
both PLA and PBS decreased. Increase in chain
extender content made the two melting points become
closer together, because of enhanced homogeneity of
PLA and PBS. The melting enthalpy of fusion (AHm) of
neat PLA was 28.4 J/g and neat PBS was 79.3 J/g.
Increasing 10 to 50 wt% of PBS in PLA led to decreased
AHm(PLA) but AHm(PBS) increased. When adding chain
extender in the blend materials, the AHm of both PLA and
PBS decreased.

As shown in Figure 5(a) and Table 1, the
shoulders around 60 to 80 °C in the DSC thermograms
reveal the glass transition temperature of the PLA. We
found that the Tg of neat PLA was 57.9 °C. Similar to
other reports', the blends of PLA/PBS were partially
miscible as seen in lower Tg of PLA at higher PBS content.
Increasing 10 to 50 wt% of PBS in PLA caused gradual
reductions of Tg from 61.6 to 57.4 °C. Adding chain
extender to PLA/PBS blends resulted in reduced Tg of
the composite materials.

Moreover, the ch of neat PLA was 108.5°C.
Increasing the PBS content in PLA decreased both Tcc
and AHCC and became invisible at 50 wt% PBS. The
increased PBS from 10 to 30 wt% decreased TCC from
96.4 °C to 95.9 °C and AHCC from 21.1 J/g to 15.1 J/g.
When the chain extender was added to the composites,
the TCC occurred at lower temperature and AHcc became
lower. The interfacial reaction between the epoxide group
and the carboxyl end group of PLA and PBS occurred at
the interface, which made the composites chain
rearrangement (motion) more difficulty and retarded cold

crystallization.
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Table 1 DSC data for PLA/PBS blends adding chain extender

Sample TC T BH_ T ( AH_ T BH_ %XC (PLA) %kc (PBS)
(PBS) (° | (PBS) (PLA) | (PLA)Y( | (PLA)
(J/9) (J/g) (J/9)
PLA 57.9 - - 1085 19.9 156.1 28.4 9.1 -
PBS 38.6 110.7 79.3 - - - - - 71.9
PLA/10%PBS 615 108.8 4.7 96.4 21.07 154.6 20.3 0.9 4.3
PLA/10%PBS/2%C |  61.2 106.4 4.3 94.8 16.2 154.5 18.9 2.9 3.9
PLA/10%PBS/4%C |  50.2 107.8 4.0 84.8 143 150.3 174 3.3 36
PLA/30%PBS 60.2 110.1 20.1 95.9 15.1 154.6 19.6 4.8 18.2
PLA/30%PBS/2%C |  49.0 108.1 15.8 89.0 13.0 150.8 16.1 3.3 143
PLA/30%PBS/4%C |  41.7 107.0 9.6 87.0 8.8 150.6 105 1.8 8.7
PLA/50%PBS 57.4 110.3 35.9 - - 154.8 12.1 13.1 325
PLA/50%PBS/2%C |  55.2 109.3 28.5 - - 151.6 1.7 125 25.8
PLA/50%PBS/4%C |  53.8 107.8 275 - - 150.2 11.0 11.8 25.0

The %7\,C of neat PLA was only 9.1% while neat
PBS was 71.9%. This is because during injection molding,
the crystallization process of PLA was partially hampered
due to the high cooling rate and exhibited a cold crystal-
lization peak during the DSC test when the specimens
are re-heated and regained some mobility to re-crystallize.
Increasing 10 to 50 wt% of PBS into PLA, we found that
the %7\,C(PLA) increased, %7\,C(PBS) decreased. When
adding chain extender to the blends, the %XC of both PLA
and PBS decreased. In general, when chain extender
was introduced in the blending system the chain-extend-
ing reaction among PLA would make the molecular weight
of PLA increase; on the other hand, the reaction between
PLA and PBS restricted the movements of PLA and PBS
chains. As the mobility of the chains decreased, the
materials were more difficult to crystallize than that
without chain extender.

Thermal stability of the polymer was measured
by TGA, where the weight loss due to the loss of
degradable products was monitored as a function of
temperature. Figure 5 shows thermograms of PLA, PBS
and PLA/50% PBS with and without chain extender

blends. From TGA curves in Figure 5, we found that the

decomposition temperature of PBS was slightly higher
than PLA. PLA with 50 wt% PBS reached slightly higher
thermal stability compared to pure PLA. Therefore, when
PBS content is higher, dispersion of PBS leads to
slightly higher degradation temperatures than that of neat
PLA. When adding chain extender, the decomposition
temperatures of material composite increased.

As shown in Table 2, the decomposition
temperatures at 5% weight loss (TS%) were 344.9 °C for
PLA/50%PBS blend and 346.2 °C for PLA/50%PBS/4%chain
extender blend. This is similar to Pilla et al.**, indicating
that the PLA-chain extender has a better thermal
stability than pure PLA system. According to Srithep et
al.”®, the melt flow index of the blends increased with
increasing the content of the chain extender in polyester
which means the increase of molecular weight and caused
higher thermal stability because chain extender can be
connect molecules of the material cause molecular weight
and strength increases. As a result, thermal stability

increased.
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Table 2 Degradation temperatures of PLA, PBS and PLA/
PBS adding chain extender

Sample Tsﬂ (°

PLA 339.7

PBS 348.8

PLA+50%PBS 3449

PLA+50%PBS+4%C 346.2
Conclusion

Adding chain extender led to mixed morphology of
interacting particles within the polymer matrices. From
thermal analysis, 4 wt% chain extender demonstrated
greatest thermal stability. SEM studies demonstrated that
higher concentrations of chain extender enhanced
miscibility for PLA/PBS polymer blends. For DSC studies,
Tg, Tm, AHm and %7\.C of the composite material decreased,
due to the higher flexibility of the PBS, that, combined
with PLA, is a strong but brittle polymer, so that PLA
based blends will be more flexible and tougher. Elongation
at break significantly increased, while tensile strength and
Young'’s modulus of the blends were reduced with excessive

chain extender.
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Abstract

This quasi experimental study aimed to compare the fasting blood glucose (FBS) level of diabetic millitus type 2 (DMP)
patients seperated into two groups: a DMP experimental (DMPE) group who actually consumed local reqetables and
a DMP controll (DMPC) group who did not eat the local vegetables on the menu at Ban Khee Health Promotion
Hospital. All 42 voluntary subjects were divided in to two groupsi experimental group (DMPE) 21 DMP and control
group (DMPC) 21 DMP. The local vegetable menu prescribed three meals: Spicy minced Oroxylumindicum.spp salad,
Spicy minced Telosma minor Craib and chiken with Anethumgraveolens.spp, curry. These were given to the DMPE
group with the combination rotated every 7 days. The percentage, average, standard deviation, and relative risk (RR)

was applied for statistical interpretation.
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The results found that the FBS level average of the DMPE group and the DMPC group before the experiment

ware 151.66 and 159.05 mg/dL. respectively (p>0.05) After experiment the FBS level average of the DMPE group

and the DMPC group was 157.52 and 157.57 mg/dL. respectively (p>0.05). An association analysis of FBS level

between both DMPE group and DMPC group was controlled

The study conclucles that the local vegetables (local seasoning) menu is a be suitable alternative to promote

and reduce FBS for DMP.

Keywords: diabetics, local vegetable, fasting blood sugar
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Table 1 Demographic characteristics, fasting blood glucose level, energy, nutrients and physical activity of experimental

and control group (before experimented) (n=42)

variables Experimental group | control group (nc=21) Mean Difference p— value
(n'=21) Mean (S.D.) Mean (S.D.)
Age (yrs) 64.62 (6.90) 61.76 (8.13) 2.86 0.227
Weight (kg.) 60.88 (10.52) 64.62 (6.90) 2.54 0.387
Height (cm.) 158.00 (9.42) 155.52 (6.11) 248 0.318
fasting blood glucose(mg./dL.) 151.66 (21.18) 159.05 (11.26) 7.38 0.166
Energy (Kcal./day) 773.93 (553.41) 951.65 (794.46) 177.72 0.970
Protein (g) 26.35 (13.73) 39.17 (49.41) 12.82 0.950
Carbohydrate (g) 137.06 (112.72) 155.98 (133.63) 18.92 0.678
Fat (g) 25.94 (51.41) 18.34 (17.07) 7.61 0.772
physical activity time/week 4.33 (1.39) 5.19 (2.21) 0.86 0.062
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Table 2 The association between fasting blood glucose level and local vegetable menu consumed

Group fasting blood glucose level | Total Crude | Adjusted 95% Cl of p-value
Decrease | No decrease RR RR Adjusted RR
Experimental group 12 9 21 1.33 1.33 0.71-2.46 0.56
(consumed local vegetable menu)
control group 9 12 21
(did not consumed local vegetable menu)
Total 21 21 42
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Heat Transfer of Closed-loop Oscillating Heat Pipe with CV on fin by using Silver-

nanofluid

walmwa Ju,"” Inas s33uusd,? Tunns wanas?®
Pattanapol Meena," Pairat Thammasaeng,” Chaiphat Plybour®
Received: 19 February 2017 ; Accepted: 20 June 2017

Unanga
NWTsiermtemanufauuesisanuientuuiwseuiaasinsiundusieiiedulaslsSum uuassing
lolussrinnm lumiﬁﬂmﬁﬁamm‘fauﬁﬂmﬂﬂaaumﬁﬁmm@Lﬁumuquﬁﬂmamﬂuan"rial,mzl,l,azﬂ‘%u fla 5 uaz
16 TARLUAT ANEIAU ANNVLIVBIFIBNTZAY FIBNBAINTEY LASHIBAIVLUL A 200 100 Laz 200 Haduas
audndy vieanuiend 24 vie lagldiuuwnluuazindloduasvinon lF5asiduss 50% vasU3asane
furhanusenlianusoudrvaraanuiounaatSuaIuauLUReIBa 1NN muquqmwgﬁmaammﬁauﬁ 60 896
s USnwasuanuisionmefiuniuanuion 3 556U de 0.5 1.0 uaz 1.5 lwasdedwdl sl,umsmaamzagal,ﬁuﬁ
mMsingmanuiautazlszaninanisanufauvesrisnnuoutuuiwiseuiaasindriwnausiadasulaslsu
wilnuazsirdlodusnsvinam woindeldGumbndussvinamm fnnus 0.5 wasdedmil dmstomenuion
LLa:ﬁizﬁw%Namamnﬁawaaﬁamw%am:ﬁﬁhgaﬁqﬂ fia 5,973.94 Tad@aATNAT LAz 0.33

AEAT: e NUTaRLULAWINTOU NAAAINAINUNAD MIthamanuian Buwln

Abstract

This research determined heat transfer rate of a CLOHP/cv by using Silver-nanofluid and Di-water as the working
fluids. The CLOHP/cv in this study was made of copper. The copper tube and fin had an outside diameter were 5, 16
mm, respectively. The length of the evaporator, adiabatic and condenser sections were 200, 100 and 200 mm,
respectively. The CLOHP/cv had 24 tubes with Silver-nanofluid and Di-water as the working fluids, and a filling ratio
50% of total volume. The evaporator section was heated by a heater, while the condenser section was cooled by fresh
air. The hot air was controlled to 60 °C, and the fresh air velocities were adjust to three levels: 0.5, 1.0 and 1.5 m/s.
The test operation was focused on the heat transfer rate and thermal effectiveness of the CLOHP/cv when using
Silver-nanofluid and Di-water as the working fluids. It was found that the maximum value were 5,973.94 W/m® and
0.33 of the heat transfer rate and thermal effectiveness occurred when the air velocity was 0.5 m/s and using the

silver-nanofiuid as the working fluid.

Keywords: Oscillating heat pipe, Check valve, Heat transfer, silver-nanofluid
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Introduction

The heat pipe is a type of heat transfer equipment that
has high performance and can operate even if the difference
in temperature between the heat sources is less have
been developed. The principle of the heat pipe was first
proposed by RS Gaugler in 1942. Later experimental
research and development continued until the heat pipe
could be widely applied."® Their use includes the cooling
of electronic equipment, retaining heat from the gases
leaving the engine cooling system to breakdown snow
and medical uses, etc. Heat transfer enhancement

techniques have been applied to the heat exchanger
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equipment widely. In the design of heat exchangers, heat
transfer efficiency must take into account the size, shape
and proper use. Currently, when developing heat
exchangers there are two methods used: active and
passive. Most researchers are often interested in the
passive method because it does not require external
power to stimulate the increase of the surface area inside
or outside the pipe. To help increase the efficiency of the
heat pipe, the heat transfer must be better. For several
years, many researchers have undertaken research on

the thermal performance, until now.

Nomenclature

A Surface area, (m?)

Cp Specific heat capacity, (kd/kg K)
d Diameter, (m)

k Thermal conductivity, (W/m K)
L Length (m)

Ly /d; Aspect ratio

};1 Mass flow rate (kg/s)
Q Heat-transfer rate, (W)
q Heat-flux, (W/m?)

RCV Ratio of check valves

T Temperature, (°C)

Tin Inlet temperature at condenser section, (°C)
TOut Outlet temperature at condenser section,(°C)
\Y, Velocity, (m/s)

Greek symbols

9 Viscosity, (Pa s)

p Density, (kg/m®)

() Surface tension, (N/m)
€ Effectiveness

n Fin efficiency

N, Surface efficiency
Subscripts

a Adiabatic

e Evaporator

c Condenser, cool air
f, fin Fin

h Hot air

i Inside

| Liquid

o Outside

t Fin thickness

v Vapor

Miyazaki et al.’ studied an oscillating heat pipe including
a check valve under normal operating conditions where
the liquid and vapour are effectively separated. Charoensawan
and Terdtoon.” investigated the thermal performance of
a horizontal closed-loop oscillating heat pipe (HCLOHP)
under normal operating conditions. The tested HCLOHPs
were made out of copper capillary tubes with various

inner diameters, evaporator lengths and number of turns.

The working fluids were distilled water and absolute
ethanol with various filling ratios. The thermal performance
of the HCLOHP was demonstrated to improve with
increasing evaporator temperature and decreasing ratio
of the evaporator length to the effective length. The best
performance of all the HCLOHPs occurred at the maximum
number of 26 turns. Rittidech et al.® Investigated the

thermal performance of various horizontal closed-loop
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oscillating heat pipe systems with check valves (HCLOHPs/
CVs). The results showed that the heat-transfer performance
of the HCLOHP/CV could be improved by decreasing the
evaporator length. The highest performance of all the
tested systems was obtained in the system with two check
valves. The maximum specific heat flux occurred when a
tube with an inner diameter of 2 mm was used, and R-123
was determined to be the most suitable working fluid.
Rittidech et al.’ studied the heat-transfer characteristics
of the CLOHP/CV. The inclination of the CLOHP/CV used
in the experiments was 90° to the horizontal line. The
experimental results showed that the heat flux increases
with an increase in the ratio of the check valve with a
decrease in the aspect ratio Le/d. This study focuses on
determining the heat transfer of a CLOHP/cv on fin by

using Silver-nanofluid.

J Sci Technol MSU

Theoretical consideration

The Oscillating Heat Pipe (OHP), by Akachi et al.”’, was
invented as a new type of heat-pipe made from capillary
tube that has been applied to cool small electronic
devices. This new type of heat-pipe is called an oscillating
heat-pipe (OHP), and has the same basic operational
principle as the oscillating movement of the fluid and
phase change phenomena. The first type is a closed-end
oscillating heat pipe (CEOHP). In this type, a capillary
tube is bent into many meandering turns and closed at
both ends. The second type is a closed loop oscillating
heat-pipe (CLOHP), in which the capillary tube is
connected at both ends to form close-loop. The third type
is a closed-loop oscillating heat-pipe with check valves
(CLOHP/CV). This type is a closed-loop oscillating
heat-pipe, in which both ends of the capillary tube are
connected to form a closed-loop. The loop has one or

more check valves'', see Figure 1.

Condenser

Qout

&

w1 Qout

T <:j

Condenser

Condenser

Qo T Qout

Adhabatic B Adiabatic

L, Adabatic

L =

o Cia

=

Qi Evanorator Qi

Evaporator

Jea =] | o

Qu Byaporator CQu

@) (b)

(@

Figure 1 Type of Oscillating Heat Pipes: (a) CEOHP, (b) CLOHP, (c) CLOHP/CV"?

Heat transfer characteristics of the CLOHP/CV
Determination of the heat transfer to the
condenser section is calculated by the calorific method.
By measuring the temperature of the inlet and outlet of
the heating fluid, the condenser values can be calculated

using the following equation:

Q:mC[)(Z—;Lll_T—;I‘l) (1)

Where Q is the heat transfer (W), m is the

mass flow rate (kg/s), C is the specific heat (J/kg-°C),
P

1., is the inlet temperature (°C) and 7| is the outlet

temperature (°C).

The mass flow rate is given by the following

equation:

m= pVA 2)

Where p is the density (kg/m®), 7 is the velocity
(m/s) and A is the area (m?).
The heat transfer rate can be determined from

the following equation:

o__ 9
A 7D, LN

4

q= (3)
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Where q is the heat flux (W/m?), Da is the
outside diameter of the tube (mm), LC is the length of
condenser section (mm) and N is the number of rods in
the heat pipe condenser section.

Fin efficiency, 77, performance of the fin is the
ratio between the heat transfer surface of the cooling fins.
The actual ratio of the heat transfer surface intermediates,
but not the fin thermal performance of the fins (Fins

efficiency), can be obtained from the following equation:
_ 9 )

The heat transfer rate of fin efficiency is given

by the following equation:

Qmax = A/in (T:wt - 7:'»1) (5)

The heat transfer rate of the fins is given by the

following equation:
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Qﬁn = m7ﬁnh (Th -T, ) (6)

Fin surface area exposed to the fluid is obtained

from:

4, = [27[ (r02 -7’ ) + 272'}"01‘] (7)

n. . .

When "/fin is the fin efficiency, Qﬁn is the heat
transfer rate at the fin surface (W), Q is the heat

max

transfer rate at the maximum surface of the fins (W), A n
is the fin surface area exposed to the fluid (m?), h is the
coefficient of heat transfer (W/m*K), T, and T, are the
temperature of the pipe surface and ambient temperature,
respectively (°C), 7; is the internal radial of the fin (mm),
r, is the external radius of the fin (mm), tis the thickness
of the fin (mm) and n is the number of fins. Gardner,
analyzed the performance of a circular copper fin, then
analyzed it in the form of graphs for ease of use, as shown

in Figure 2.

Fins efficiency

L/h/kt

Figure 2 Performance graphs of circular copper fin form Gardner®
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The y axis is given by the following equation:

y= (8)

Y

And the x axis is given by the following equation:

)c:L\/z 9)
kt

When L is the length of the tube surface to the
fin (mm) and k is the thermal conductivity of the fin material
(W/m?-K).

Effectiveness of CLOHP/CV with fins

The effectiveness (€) of the CLOHP/CV can be
to define as the ratio of the actual heat transfer rate
(Qm) for a CLOHP/CV to the maximum possible heat
transfer rate (Qmax )13 This can be represented by the

following equation:

g — Qact (1 O)
Qmax
When:
Oy =11 Cy (T, =T, )/ M €,y (T, =T (1)
As:
g =miC, (T, - n_,,,,,>/[éz C,,) (T =T (12)
.=meC, (T 0 ~T.,) /(rlz cpj (T =T, (13)

From which it follows:

Where dmax [m] maximum inner diameter of the
capillary tube, & [N/m] is the surface tension of the
fluid, Pl [kg/m®] is the liquid density and g [m/s?] is the

gravitational acceleration.

g = Qe /Qﬂ’!aX = QC /Qmax = Qave /Qﬂ’la}( (14)

Where the maximum possible heat transfer rate

(Qmax) can be represented by the following equation:
In case C. <C,

J Sci Technol MSU

Onax =C. (Te,in _Tc,in)

(15a)
Incase C, >C,
Incase C, >C,
Qmax = Ch (];,in _T;,in) (15b)

When CC =M. Cp . and Ch =my Cp , Equations
19a and 20b can be rewritten to obtain the general

expression'*:

Qmax = C'min (I;zz _]—'ci) (16)
Qe =0, +0,)/2

By definition the effectiveness, which is dimen-
sionless, must be in the range

Experimental details

An important factor that has to be considered in
building a CLOHP/CYV is the tube diameter. The maximum
inner diameter of the CLOHP/CV can be defined by the

equation derived by Maezawa et al.”®

<2 |2 (18)

P8

max

Where dmax [m] is the maximum inner diameter
of the capillary tube, G [N/m] is the surface tension of the
fluid, p/ [kg/m’] is the liquid density and g [m/s?] is the

gravitational acceleration.



Vol 36. No 4, July-August 2017

Heat Transfer of Closed-loop Oscillating Heat Pipe with CV on fin by using 539

Silver-nanofiuid

Fins
I
Figure 3 CLOHP/CV used in experiment'
Table 1 Specification of CLOHP/CV.

Parameters Specification

Copper tube Inlet diameter (mm) 5.0
Material Copper
Number of turns 24
Alignment Inline
Length total (mm) 500
Length of condenser (mm) 200
Length of evaporator (mm) 200
Length of adiabatic (mm) 100

Fin Fin type Annular
Material Copper
Fin pitch (mm) 10
Diameter (mm) 16
Thickness (mm) 1.0
Alignment Inline

Specifications of the CLOHP/CV used in the
experiment are shown in Table 1. The check valve is a
floating-type valve that consists of a stainless steel ball
and a copper tube, in which a ball stopper and conical
valve seat are provided at the ends of the top and bottom
of the check valve case, respectively (Figure 4). The ball

can move freely between the ball stopper and the conical

valve seat. The conical valve seat contacts the stainless-
steel ball in order to prevent the working fluid from flowing
in reverse. The ball stopper allows the working fluid to
travel to the condenser section for transferring heat. The
CLOHP/CV operation principle relies on three driving
forces: surface tension, gravity, and oscillating forces.

These forces are influenced by many parameters.
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Ball stopper Case Ball stopper

|

Conical valves seat I@

Conical valves seat

Figure 4 Check valve structure’

Computer and 5 Inverter Controller’s
Dara Logger ieraineller A Lrr R Fzn and Blower

Figure 5 Schematic diagram of the experimental setup

Table 2 Experimental conditions

Parameters
Inlet temperature evaporator section (°C) 60 °C
Inlet temperature of fresh air (°C) 25°C
Working fluid Di-Water, Silver-nano
Velocity of hot air (m/s) 0.5
Filling ratio 50 % by volume
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The experimental setup used in this study and
the thermocouple locations are shown in Figure 5. The
specifications of the CLOHP/CV are given in table 1. The
test consisted of three main sections: the CLOHP/CV
section, the heating loop and the cooling section. The
device use in the experiment was completely insulated
with the glass wool. The amount of heat loss from the
evaporator and condenser surfaces is negligible. The
adiabatic section of the heat exchanger is completely
insulated with polyethylene, in Figure 3. Measurements
were taken using thermocouples (K-type) with an uncer-
tainty of £0.1°C at a total 25 points. These were attached
to a Data Logger (Agilent Technologies 34970A and the
34970A features 61/2 digits (22bits) of resolution, 0.004%
basic DCV accuracy). The heating loop was in the region
of the evaporator section of CLOHP/CV. The heating was
controlled by a voltage regulator to the heater, which is
attached to the evaporator section, and the controlled
temperature of hot air to the evaporator section was
60 °C. A blower was used to control the heating loop with
an inverter (Siemens sinamics g110, output frequency 0
Hz-650 Hz and Cos (p = 0.95) to controller the speed
motor. The air inlet and outlet temperatures of the
experiment were measured when the system reached a
steady state condition. The cooling loop is in the region
of the condenser section of the CLOHP/CV. This was
cooled by a fresh air and the velocity was controlled at
0.5 m/s by an inverter. The cool air was allowed to flow
through the condenser to cool the CLOHP/CV, the

experiment condition are shown in Table 2.

Results and discussion

Effect of inclination angles on the heat transfer rate in Figure
6 shows the relationship between the effects of the
working fluid on the heat transfer rate of the CLOHP/cv
heat exchanger. When the fresh air velocities were
adjusted at three levels: 0.5, 1.0 and 1.5 m/s, and using
Ag-nanofiuid and Di-water as the working fluids, it was
found that using the Ag-nanofluid as the working fluid
gave the highest heat transfer rate performance,
which was better than the Di-water for all variables. This

indicated that the heat transfer rate performance
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increased when compared with the Di-water for all
variables. The Ag-nanofiuid improved the heat transfer
rate performance because it has a high thermal conductivity
that increases the proportion of the vapor more than

Di-water, which increases the heat transfer rate.

_. 7000
NE Ov=0.5m/s
< 6000 4 O
5 Ov=1m/s
o 5000 A
® Av=15m/s
— 4000 o
% (o
c 3000 4
© (@]
'_

2000 A
5 A
T 1000 A

0 T T
Di-Water Ag-nano fluid

Working Fluids

Figure 6 Effect of working fluid on heat transfer rate of

CLOHP/cv heat exchanger at a temperature of 60 °C

Figure 7shows the relationship between the
effects of the working fluid on the thermal effectiveness
of the CLOHP/cv heat exchanger heat exchanger when
the air velocity was changed between 0.5, 1.0 and 1.5
m/s and using the Ag-nanofluid and Di-water as the
working fluids. It was found that when using the
Ag-nanofluid as the working fluid that it gave the highest
thermal effectiveness performance for all the variables.
This indicated that the thermal effectiveness performance
was increased when compared with the DI-water for all
variables. The Ag-nanofluid improved the thermal
efficiency performance because it has a high thermal
conductivity that causes the heat transfer to increase and
also caused the proportion of the vapor to be more than

the Di-water, and this increased the thermal efficiency.

0.5
g Ov=0.5m/s
a 0.4 1 Ov=1m/s
()
qCZJ 03 A Av=15m/s <o
g K
& 02 3
Té I
5 0.1
<
'_

0
Di-Water Ag-nano fluid

Working Fluids

Figure 7 Effect of working fluid on thermal effectiveness

of CLOHP/cv heat exchanger at a temperature of 60 °C
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Conclusions

Experimental investigations were carried out on the effect
of various parameters on the heat transfer rate and
thermal effectiveness of the CLOHP/cv heat exchanger
using Ag-nanofiuid as the working fluid. The CLOHP/cv
heat exchanger was made from copper. The copper tube
and fin had an outside diameter were 5, 16 mm, respectively.
The lengths of the evaporator, adiabatic and condenser
sections were 200, 100 and 200 mm, respectively. The
CLOHP/cv heat exchanger had 24 tubes with Silver-
nanofluid or Di-water used as the working fluids, with a
filling ratio of 50% by total volume. The evaporator section
was heated by the heater while the condenser section
was cooled by fresh air with velocities adjust to three
levels: 0.5, 1.0 and 1.5 m/s. The experiments can be
summarized as follows:

1. When the air velocity input into the con-
denser increased, the heat transfer rate decreased.

2. When the air velocity input into the con-
denser increased, the thermal effectiveness decreased.

3. When using the Ag-nanofluid, the heat
transfer rate and thermal effectiveness was higher than
when using Dl-water for all variables.

Therefore, as indicated when comparing between
the heat exchanger using silver-nanofluid and Di-water
as the working fluid it was shown that the heat transfer
rate and thermal effectiveness performance of the silver-

nanofluid was better than the Di-water for all variables.
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