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This paper presents traffic simulation software that can simulate the traffic
in a network where congestion charge exists. The software was modified
from the existing transportation software, which was previously developed
by the authors. The software allows the examination of the effect of
congestion charge on a traffic network. In the present investigation, a case
study of the inner area of Bangkok was assessed due to its high average
income, high employment rate and high traffic density. The model was
calibrated using the traffic volume and average speed. It was found that
under the condition of this study, 10 baht congestion charge would lead
to the highest average network speed at 45.96 km./hr. which are higher
than average network speed when no congestion charge about 19.82%.
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A possible approach to reduce the risk of rear-end collisions is to change
the behaviour of road users such that one allows sufficient spacing
between his/her vehicle and the leading vehicle. In this pilot project,
which implemented the "Transverse Bar" pavement marking pattern on
Highway No. 35 (Rama Il Road), the appropriate spacing between two cars
was determined to be 47 meters. Three sets of transverse bars were
painted on the pavement surface on the middle and median lanes of a
five-kilometre segment along; appropriate warning siens were also
installed. It was found that the "Transverse Bar" pavement marking pattern
contributed to larger average spacing of vehicles. The effectiveness of
such an approach nevertheless decreased over time. Furthermore, the
"Transverse Bar" contributed to less rear-end collisions when analysis was
performed at 99.39% confidence level.
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AN397i 5 Poisson Probability

No. of Rear-End Prob(X=x) Prob(X<=x) Prob(X>x)
Crashes x

0 2.22252E-05 2.22252E-05 0.999978
1 0.000238127 0.000260352 0.99974
2 0.001275679 0.00153603 0.998464
3 0.004555995 0.006092026 0.993908
4 0.012203559 0.018295584 0.981704
5 0.026150483 0.044446067 0.955554
6 0.04669729 0.091143357 0.908857
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A solar power plant under the study is the one, which has already had
a preventive maintenance program. However, as the plant operation
proceeded, more machine failures were noted. This implies that the
implemented preventive maintenance might not be adequate to prevent
the failure of the machines. The present study therefore aimed to integrate
proactive maintenance program into the strategy of the plant. The study
was conducted by first analyzing the failure mode and its effect by failure
modes and effect analysis. Criteria on severity (S), occurrence (O) and
detection (D) were established; risk priority number was then evaluated.
Priority of the problems to analyze and to find the solutions was then
assigned. The solutions were finally put into the proactive maintenance
program. Such a program consisted of improving the maintenance program
itself as well as improving the machines to reduce the occurrence of
failures. After implementing the program, the average availability value
increased from 99.43% to 99.69%, while the standard deviation decreased
from 1.20% to 0.41%. The number of failures decreased by 40.28% and
the power loss of production capacity could be reduced by 28.44%
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This study aimed to evaluate the compressive strength due to pozzolanic
reaction of two types of ground bottom ash. Ground lignite (GLBA) and
bituminous (GBBA) bottom ashes were used as pozzolanic materials to
replace ordinary Portland cement (OPC) in mortar at either 10, 20, 30 or
40% by weight of binder. The results showed that at the later age, the
use of GLBA and GBBA, which possessed the particles retained on No. 325
sieve of 3.70 and 3.05%, respectively, at 10% and 20% by weight of
binder, respectively, resulted in the highest compressive strength of
mortar. Compressive strength due to pozzolanic reaction of GLBA mortars
with the replacement ratios of 10-40% by weight of binder ranged between
9-119% at 28 days and increased to 13-17% at 90 days of the control mortar.
On the other hand, GBBA mortars exhibited compressive strength due to
pozzolanic reaction between 15-25% and 17-38% at 28 days and 90 days,
respectively. These results indicated that the compressive strensth due
to pozzolanic reaction of GLBA mortars was lower than that of GBBA
mortars at the same replacement rate. However, GBLA could still be
used to replace OPC by up to 30% by weight of binder; the resulting
mortar exhibited the compressive strength higher than 80% of that of the
control mortar at 28 days.
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Hagunmsnduiiuiondnnszudliihgndiogs
sawlasilan wazdufinsuiuiimdminnssuauns
wnaiiuiinanaeslavang og 2 d loun a1
(fly ash) Uszanadioeaz 60-80 waztennuim (bottom
ash) Usvanadosay 20-40 Tnethwiedn dnnsueised
Aeafumsldidrauiuluauneuniniietsreiie
Tudsenelng uagsiusemakasiininsgiusesiulunig
TnuduianUeslea ﬁﬂﬂuﬁﬁ]ﬁ!ﬁmﬁ?ﬁ?uﬁuﬁﬁﬂﬂ
Tdlugnamnssumeunialuusemalvedivsinaldieme
famUAeIN1siunan Tun1emsat U U NUAgIAL
Tualaglaifinsiuldldfnuselond msfiadifum
hit,ﬁmLm'Lﬂuﬂmﬂ'uﬁunﬂumﬁﬁﬁm uREdRansENY
fofawInden WsznsAnwves Gong WazAME [1] WU
fimswulavigniin W Cd, Cr, wag Pb Uniloulufuuay
ﬁﬂﬁﬁu‘u’%LmﬂaaﬁwaqLﬁ']ﬁmmuazammdﬁ%gﬂ%
iwamejl,mifw Tuvauzdi Di Bella uazamz [2] 9189141
drrundutanidimansenusodanadeiniosand
parUsenauvadlaneviniyy Ni, Cu, Zn, Pb, way Cd
LLc-w'iJ%mmmmLsﬁm%wuaqaaﬁﬂimaumdﬂfﬂﬁuagﬁ’wﬁﬂ
YDIURY [3] 51':18LmﬁmﬂmmmﬁlﬁﬁmmL‘f;lui’a@
ﬂaszﬂszjmuLmuﬁgu%mum“lﬁ wonndunsanuSuna
mﬂ@u%muméﬁ&Tﬂz«ima‘iﬂawwﬁﬂimﬁﬁmmﬁL“fJu
Sunsrerouyuduariundeniignatililunsuninld
WulRgY [4]

e filduanlssilaensdidnuvasmiiouwnse
fnwareuidlngdlefisutudiandiy $inisesuau
wnlgdnunslidfumifiothuunuiitasuazisen
Tupounin [5-7] egslsinudiovunaziBoanuin
dfumniidneamiiesnefiausalfifutanUonlyau
Lmuﬁﬂvu%Luuﬁﬁai%lﬂumwﬁwaﬁﬁ@ﬂizmuﬁ (8-9]
uaﬂmﬂﬁ Jaturapitakkul Wwag Cheerarot [10] #UI1LEN
Aumiilasuanlssnulagasslimnzaudmsulaiy
aqueslwaruunuiiyudiuud udiletunuslaziden
UToUNIAANIALUNTIUBTIINTTIUUDS 325 Waenin
Zavaz 5 Tngimin mmmiﬁi’fl,mu%u%LmuﬁléfﬁﬁasJas
20 Imaﬁmﬁhmm’iﬁ@ﬂizmu Inglydsmansynunanas

dampundnuasimdsdaiiouninfuasundnaugile
paunniiony 60 Juduly soun Abdulmatin uazeis
[11] lawusirimnadeanisiddueunldiuianves-
l9a1uAITUALIBUNIAA AT SIATFIUUBS 325
founinforay 25 Tnedwiin dadiasiisdilising
Soway 75 flony 7 Tutuluuasdleuaidrfumauileyna
famzunssannsgIuUes 325 Ussnasderas 5 st
asnsaliensviimasldganiniosas 100 Weneddnitiony
60 SuiulU Oruji uazaaw [12] IW3sudiouidsaves
et Aumuaziiawiuildnmawauiu
Fudydifa (sub-bituminous) WuInuB3FIATIA AL
Tudumandianidssamnimeddnsaiiawiulud
wanlusasdmnsunuitiisrtuogussnaiosay 7
ogslsfimumedinsifidrfumludunanlsifuiesay
23 Inethwiinvesiaguszan T sagenime s
muaslfidlenasiiieny 60 Tuiuly
dmSvantAinisadvesinunuaziaiaiuiudin
WasuwasUnuviavessdiu lasdnlugmuinguiu
anludnazauiiusudyfidademnudiazldidrd iy
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HasINeaNlYrv03gaNT (SI0,) 8afiun (ALO,) way
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il dmsuduiutyiivavieneunsileiudsantiums
wnuinduineuiiuussinm F eiuSunamasim Si0,,
ALO, uaz Fe,0, inninferay 70 Tnethwiin wassind
Ca0 fnir¥enag 10 dmiunansznuyed CaO foauA
YDIADUNIALALUDTASHNITANE LAY Antiohos wavAns
[14] Fepuinieuiuil Cao magliimdssarag
ogfumnIe U Ca0 ge 1lpsannuFinanuvn
fase (free lime) luidhdwiiuil CaO geanansash
Ujiseiadunealdondainalawmsm (CSH) wazunaldou
agiiualaasn (CAH) lngliendounadeulansenlyd
(Ca(OH),) MnuanAnvasUfAZenlawnsiu Tasnisiaun
fdavesnpunIafifidrunauveui e AL Cao Ailen
wnfuaunnniAounIafitdiunavendsufiudd
Ca0 gefiony 90 Futuly Fauandlsifiudmauinlugag
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2.2 {NOVNANTENUYDINITUNUNYUTLUUARA I
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fAumndildanmssnauiudnludussduiudyiidade
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2.3 fensuifisuidssaiesnnuiisewerlea
sewinadfumildannisindiuiuanluduazan

fnuntydida

3. Yagildlun1sAnwinazisnnsinen
3.1 Yaqldlun1sdnen

- Yududuesauauduszianil 1 (OPO)

~idfuandildannsnsufivanlud (LBA)
wazidrfusnfildanmssnaiudyiva (B8A) Feey
Tuanmden ﬁwmamﬁalémm%uﬁqmuqﬁ 110 89
waldea ndsntuthdnfumia 2 9dia iusliilinn
avlBAAIMEINIIINTIIUUES 325 Jeway 3x1 lay
Yo

- yseuiihdmsuldunasuandensousiiu

AZWNTIINTFIUUOT 30 WAZANNATUNIININTFIUUBS
100 wonandl SshmseusitinnualdiauasiBendns
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ﬁmﬂ%ﬁui’ﬂamﬁﬁﬂﬂﬁﬁ%m (nonreactive material; GS)

wuiyuBiuddmiumiosazidssaionnufizen
Uatlgauraainmim

- thusz dwiulduauuasduueiing

- miaﬂﬁﬂﬁmwﬂizmw polycarboxylate-based
iieldmugunisinaunvesuesfiliegseninsiosas
105 fis 115

3.2 MInaFeUFNUAYR LIS

Tusmiteedsilldnaaevautinamanmves
Yulludvedauauduszianil 1 (OPC) ihAusnanms
wnauiudnludunaziden (GLBA) LWRWAINNIIEN
shufiudyiitaunasiBun (GBBA) uasvseusiiunaziBen
(65) Wurt Adosazimiindenzunsanasyuves 325
‘Uumalgmma?ﬁ'ﬂ (Median particle size; d50) wazaany
fsdng venanildmaaovautAdusineuarau
HundnvesTanieTmsiasiuuvesididndideiina
(XRD Quantitative) dusuaniivanilainsieiod-
Usznaumaiaiivesianig Slonaisevigeatsaiuus (XRF)

3.3 @IUNENLAZAISNATDUNDSANS
AU IBIFNST 13 drunALLAN TIN5

7 1 lneynaunanldsnsduiaguszausiomnasom
anBeaniiu 1: 275 wasiidhanduivletanUssau
(W/B ratio) sfiivindu 0.65 fmsluausivewesinslior
sewhaefesay 105 fe 115 Tngldansaninfiay (Super-
plasticizer; SP) Wetisusuarnsivauraugesnis
wosFsaua (CT) 1d¥aqusvauain OPC viamua
wosdsildanwuvadu 3 Y Ao NSAT GLBA, GBBA
uas GS TuusiasyaunuiyuTunddeian GLBA, GBBA
uag GS lusnandesay 10, 20, 30 uay 40 Tnstviinues
TanUszanuy

msfinwadeilfuesinsnssgnuiaiuue 5 wung
wdnnsvdeNesifung 26 Falue Fewesng
aaﬂmﬂufuuLLazU':u:ua%ﬁﬁﬁluﬁmumaéuﬁmuﬁamqmﬁ
NAFRY NAFBUNAIIANILNINTFIW ASTM CL109 [16]
Vimag 3,7, 14, 28 uay 90 Ju lnepmadalunsazeny
msnageuldannisedsanuesis 5 fegas
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faunan (Fauazlagrinnein) 2ATIR I ,
Nass ndadag mjvlumm
OPC GLBA | GBBA GS Sand SP ﬂiza’]uq (F088)

cT 100 - - - 275 - 0.65 109
GLBA10 90 10 - - 275 - 0.65 106
GLBA20 80 20 - - 275 0.05 0.65 108
GLBA30 70 30 - - 275 0.12 0.65 111
GLBA40 60 40 - - 275 0.20 0.65 108
GBBA10 90 - 10 - 275 - 0.65 109
GBBAZ20 80 - 20 - 275 - 0.65 114
GBBA30 70 - 30 - 275 0.05 0.65 113
GBBA40 60 - 40 - 275 0.10 0.65 109
GS10 90 - - 10 275 - 0.65 113
GS20 80 - - 20 275 - 0.65 110
GS30 70 30 275 0.05 0.65 111
GS40 60 40 275 0.10 0.65 107
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4.1 auUANINIEAINYDIIER
M99 2 uamsaniAmemenmvesTagiildFnw

v oy
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AuMNAINNSENaURLANluAUAazLBEn (GLBA), Ny
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wsithunasiden (GS) Anuazidenuas OPC, GLBA, GBBA,
uaw GS uanslugUrasendasasiutindemeunsunnagu
Wwes 325 dawinusesay 16.80, 3.70, 4.09 way 3.76
Taethvien gy uage e g Rawiniy 3.14,
2.68, 2.55 Lag 2.61 AuaIey gﬂﬁ 1 WEMINISATEAG
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ﬁ%mmaqmma?{mmﬁu 4.32, 4.76 wae 4.95 lulasiung
gy luvaigil OPC Suunmeymedewindu 18.08
lulasiuns eerUsznounsInen (Mineralogical com-
position) ¥8 GLBA, GBBA way GS Wanifin1sedi 3
Hansvadgeunudn GS Ianuduniniesay 100 laveg
s[,ugﬂsum Quartz, Microcline kg Muscovite Sovay 80.4,
17.7 waz 1.9 audisu Fsdenndasiuiuanuiseaes
Norrarat UagAny [17] Viisqummmfw (River sand)
fiAnanudundniosas 100 Jaegluguves Quartz, Micro-
cline, Albite Wag Muscovite Saway 79.4,13.6, 3.9 ilay
3.1 s nansedeuianunsavenldin S Wy
faniden (nert material) Fslaivifisen dmsu GLBA
Fadunanasgldannisuneuiiudnlug dvdunanis
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100
90
80
70
60

HIWEZRY

50

40

Jaua

30
20
10

1 10

MIANTIFBUATNAINT 135, TN 43 aUU 1 uns1AY - Jurau 2563

Al dundnues GBBA Tfndend1 GLBA lae GBBA il
apnulidundnviiudesas 62.5 Tuvassd GLBA fif
anuldidunanindusesay 58.5 udidndumlauiain
MseuFuduiertudeuiiv winuindetian
ailaiifundnveadfunaesdaiouiiousu
ey hdunaessinfiinanulidurdndini
whanuiiu Tnefienulidifundnveadaufiuiieuszanm
Foway 70-95 [18] 99n31891UV83 Chindaprasirt LagAuy
[18] szul T udadiusunadnimeulidundngsndy
whauiuvnalug lnenaiiuvuadniaanalidy
wEnwUSesaz 85-95 luvasdidauiuvalugian
anulshdundnuiniudesay 70-75

- & -GBBA
ceeee- GLBA
—8—GS
—e—OPC

100

wwmayma (lulasiwas)

31J17i 1 MsN3¥NLAIVeIRUNATBLIAR OPC, GLBA, GBBA Uay GS

A13797 2 audin1anienInvesian

Usz U UANAZUN T y
. ) YUNADUAALAAL, dsg o
189 V1AIPINLLIDT 325 y ANV UL
: 3 v (lulasiuas)
(Faoazlapiinmniin)
OPC 16.80 18.08 3.14
GLBA 3.70 4.32 2.68
GBBA 3.09 4.76 2.55
GS 3.76 4.95 2.61
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M13197 3 aadUsenaulumIwTIvie1vesian GLBA, GBBA uay GS

& GLBA GBBA GS
i3
Quartz 1.8 Quartz 14.2 Quartz 80.4
Hematite 1.0 Mullite 20.0 Microcline 17.7
Magnetite 1.8 Corundum 1.1 Muscovite 1.9
Albite 1.9 Cristobalite 1.8
» ) .
@ Anorthite 15.9 Rutile 0.4
@
T Calcite 1.9
=
&
= Gypsum 1.3
Muscovite 3.5
Diopside 9.1
Gehlenite 2.0
Ettringite 1.3
=
1@
=
23
-z A 58.5 62.5 0.0
s= ag
2z L
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<'°
c

4.2 guUANIANvaeIEHe

Mafl 4 wansesiUszneumaaiivesTandild
Tumsinwndell esduszneundnmaniives OPC e
Ca0 way SiO, Aifusesas 63 uaz 20.9 MWAIGU
dm3U GLBA Waz GBBA HANasiuvad Sio,, ALO, uas
Fe,0, Whiufesas 712 uay 91.2 mudwu uenani
WuIUTIIUee SO, ke LOI danliiiuiauay 5 uaz 6
muEIRy nesRUsznaumaAlivsuenladn GLBA way
GBBA difutanUenlyatu Class F ausnsgu ASTM
C618 [13] wiii1 GLBA Loz GBBA iuiiniusunaziden
agalsfinud3uia Cao vos GLBA fiagedissoray 17
Tuvaug?l GBBA Srwvinfufesar 2.2 odwnun1sfn

484 Mccarthy wazansz [19] wuin GLBA ildlunsdne
ﬂ%y’qﬁ%’mﬂui’a@ﬁﬁ Ca0 sgAunans laedlal Cao Sening
$ovay 10 9 20 Tuvaueil GBBA dailuaniiil Cao o
nanfe fif Cao sndiferar 10 WeawSeuifisuss-
Usznoum8e GLBA Tnannuaasienfiuustisnaiunneis
Aunuin serUsEneUNaATved GLBA uand1aiuLaniiae
Wongsa-nga WagAmy [20] $1891UINIAUAIRINATS
wanuiuanlud 3 Sio,, ALO,, Fe,0, waz CaO Wiy
$puay 46.0, 22.3, 10.6 waz 11.5 Mmudsu azwiulain
Lﬁﬁum'mﬂmiLmmuﬁuﬁﬂlum‘iuﬂwﬁuﬁﬁlmums
Anw1asdiuina S0, MawuaziiUiinm CaO figedy
safUsznaumaaifiasulusinanonvdmaliaudh
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Si0, HminAusesaz 91.5 FedenAaItuaNTRNIWS
Ine1wes GS Milus Quartz gedeforay 80.4

E]G@TﬂiZﬂE]U‘Y]’NLﬂﬁ (%’E] BRE) OPC GLBA GBBA GS
SO, 20.9 38.1 61.7 91.5

ALOs 4.8 204 24.0 3.7

Fe,05 3.4 12.7 55 1.8

Ca0 63.3 17.0 2.2 0.2
MgO 1.3 2.8 1.1 < 0.01

SO; 2.7 1.7 0.2 0.0
Na,O 0.3 1.4 0.5 < 0.01

K20 0.4 2.2 13 2.6

LOI 2.9 3.6 2.9 0.2

4.3 AADNVDINDIANS

N eSnUaIasENIN 13 dIUNENLARIF IS
i 5 Wiulgmesansg CT fanmdsaintu 258, 28.4,
38.8 WAy 43.5 wnzwnada fleny 3, 7, 28 uaz 90 Yu
mud1au Inelutisengsiu (3 uay 7 Ju) uasig GLBA,
GBBA uay GS yndwunandenidsamnimesing CT
wagnuitlurserguindsdaiiaanaaiedinisunui
1nTu fegadu flong 3 fu msunuiiferar 10 Tag
ﬁmﬁﬂmaﬁaﬂﬂismu ylAuesAns GLBA10, GBBAL0
uar GS10 HMAavinAy 23.8, 24.3 uay 23.5 LWng-
wiasa suaeu dodunsunuiidudesas 40 Tag
hwinvestanUszany Mdsdnveswesdnsanaunde
16.7, 17.1 wag 15.5 lWNgN1@fa ausuneasans GLBAGO,
GBBAGO uaz GSA0 mugdu siiilosainnisan
YuBwudludunananlunisand3unn €3S uag €25

[

dwalvirdsdalugeeiuanas egelsinudionny

v saa v

11NTUNDSANSNTLE AWM AT UNALTNSHAILNAA DR

¥asdulasue$ing GLBALO fdssrlndidnsifunodsg
CT o1y 60 Yu uagiimdsdnunminueddng CT fiony
90 $u Wleriunsunuiyuduudsoinfuem GLBA 1y
Sovaw 20 lavthwiinvesTanUszany fdadauaiang
GLBA20 flewinfufesay 84 weweddimuauiiony
3 $u uagileng 90 Yu aunsaWmuidsSaldieusi
wasAs CT egnelsiinunessns GLBA30 uaz GLBAGO
fifndsdasniwesing CT ynenemsvedey nanmagey
ifaenrdasfumenuves Kurama uavane [21] 1#Anw
pounFafitdfumanduiuanludludiumes woi
nMsuwmguBdmediiunanauiuaniuifesas 10
way 15 tasthmdnvesfaguszanu Widsdageni
AouninmuANUsTINASeYar 6 uar 2 fleny 56 Yu
puddy widmunsunuiiifesay 25 wuinmd
AounIainitAeunIneuAuUiReunInilegi 56 Yu

mstanidendiuldtautudefinsuuesing
funuiidaewnfun GBBA (A nauiiulyiiva)
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I

Fognau 4o5A1S GBBALO winiyuduudluadiunay

U

melusesay 10 TnswiinvestanUszany usuosing
GBBA fifndsdagantiueding CT fuseny 14 Tu Ussana
Sotay 2 uavlimadnunnninuesans CT Seuas 5, 6 way
8 Lﬁ'aua%ﬁﬁﬁmq 28, 60 way 90 Yu muadu ey
nsuny GBBA ludunauduioray 20 laetntinaes
FanUszau wuimassnvaeifstawiiiu 39.9,43.9
way 49.2 wngnana sannnitesans T udeoay 3,
7 uag 13 ‘17{8’1&4 28, 60 WAz 90 JU MIUAIAU dnSUNIS
14 6BBA wnuiiyuBundlushnadauiosas 40 lnetimiin
yosTanUsyanu Susiesing GBBAGO ffdsdasnii
we$ing CT Ussnaidosas 35 fiony 3 Ju wildleweding
fiong 90 fu wudweding GBBAO fiddaiiiuduan
Tn&iAewwasind CT wansmaaouinandfifuinanos
UfAsederlvay Faduuffsetuiiaesiivosseans
faduneadenlansonlesiiinanufiselenstunes
Yudusivinlviuesiniimdssadeuinainlugisenydu
uihdsdniiutufitasenguatevhliunsdrunauiiings

4

A5 5 MaIOnUeINasAnS

57

gnaenIweseng CT [22-24]

v
=

dmiunesing Gs lunpmsunuiinuiniiddesaintu
dlewesinstiongfutuddifnuneudentutuesing
CT, GLBA waz GBBA sghilsfmudlefansanisdosas
Yoemasdaiieuiuuesens CT wuiwesis GS nnnns
wuiiiSesavesiddaiieuiunasing CT Aouthensd
wlesiidiongfintu fegutu uesis 6s10 fmds
daieuiuuesas CT wiiudSeway 91, 88, 90, 91, 90
ey 92 ﬁmq 3,7, 14, 28, 60 48z 90 TU SIUAIAU LAY
dlofinsanusasmsumufiansnsemeadesosaves
faesnsuiuuesang CT lawiniuSewar 90, 82, 72
uar 62 @nsUNeTANI GS10, GS20, GS30 waz GS40
pudy Fedlalndifsatuanudsefinauandnuilay
Jaturapitakkul wazagsz [25] finuintesinsiidnsmeun
Az\BEATUINBYNIAAINASINTIUBS 325 Fouay 5.8
Tudunauisns¥ovay 10, 20, 30 uay 40 Inetmiin
vodanusvanu TAviniuesay 92, 84, 76 uay 64
ANAIAY

o . MRI8A (WNLWIRAR)- SBZazDaINIaIan
¥a3d3 3
3 days 7 days 14 days 28 days 60 days 90 days \t
cT 25.8- 100 | 28.4- 100 | 33.7- 100 | 38.8- 100 | 41.1- 100 | 43.5- 100 ?“E
GLBA10 23.8- 92 26.3- 93 32.4- 96 38.5-99 | 41.2- 100 | 44.7- 103 E
GLBA20 21.6- 84 24.8- 87 | 29.6- 88 35.7-92 | 39.7-96 | 43.3- 100 gg
GLBA30 19.0- 74 21.5-76 26.3- 78 31.9-82 | 34.7- 84 38.3- 88 iqé
GLBA40 16.7- 65 18.1- 64 23.2- 69 28.4- 73 31.0-75 34.5- 79 §
GBBA10 24.3-94 | 279- 98 34.4- 102 | 40.9- 105 | 43.6- 106 | 46.8- 108 §
GBBA20 22.2- 86 | 26.7- 94 33.4-99 | 39.9-103 | 43.9- 107 | 49.2- 113 _.g
GBBA30 20.1- 78 | 22.9- 81 30.3- 90 38.1- 98 | 42.7- 104 | 47.4- 109 ‘E
GBBA40O 17.1- 66 19.1- 67 27.4- 81 33.9-87 | 38.6- 94 43.6- 100 €
GS10 23.5- 91 24.9- 88 30.4- 90 35.3- 91 36.9- 90 39.9- 92 90
GS20 21.2-82 | 24.1- 85 27.6- 82 31.2-80 | 33.3-81 35.5- 82 82
GS30 18.8-73 | 20.7- 73 24.7- 73 27.4- 71 29.1- 71 30.4- 70 72
GS40 15.5- 60 18.1- 64 21.2- 63 24.4- 63 | 25.5- 62 26.3- 61 62
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4.4 $ovazvesiassaiiosanufizen
Uaglyau
M3 5 uansAiededenazvosiidsaues
WosA3 GS Wisutunesms CT wansliiudanSovas
yoshdsdaiosnuiazenleisduiitinisunudl OPC
#e GS TuuSanaunsunuiuaneneiu Tag Jaturapitakkul
uazane [25] Meauimddalesnnuiitolensiu
fifnwihfu¥esas 88.8, 80.7, 73.1 uag 58.1 Wleil OPC
Tudhunauwinfudesar 90, 80, 70 uaw 60 laexiwiin
yosTanUszanu muaiu uagilmassailesannissasi
v@30YN1A (Packing effect) ﬁﬁmmmaqmﬂﬁwmmmﬂ
npsgIuiUes 325 Sosay 5+1 Tnethuin wifudesas
27, 34, 2.8 uay 5.8 Tgthutin Tudhmdunsunu
Saway 10, 20, 30 way 40 Iﬂaﬁwwﬁﬂ%aai’aﬂﬂisawu
RHGRET ﬁm%ﬂumiﬁﬂmﬁu’qﬁﬁﬁqé’mLﬁanmﬂﬂﬁﬁ%m
Tawnstuiianyiniudosay 90, 82, 72 way 62 lusasidu
nsunufisosay 10, 20, 30 uaw 40 Tnsthwiinuestan
Uszanu auddu Fafudledaiosazvesiidies
wefiiunuidheidiunludasdunmsunuisaiy
auserferazveadsailesnnujiteleinstiuagle
Afesarrasidsdnomnuiiteveslearu (saums
dadveseynia) veadiumideiisuiuidsaves
waTAsAIUAL
U7l 2 uansliifiudniauindrfesazuesindsda
dlosmnuiiseveslvau vewesdnsiaosszian
wldudududeagiivtuuasUmamsunudiiia
a9y enfenatu wesiiTldduem GBBA wnud
YuBuidenas 10-40 Tnethuiinvesanuszany den

Sovarvosidsdaiaannufiseesleaulugg 4-6

a

91y 3 Ju waviinduduiosay 15-25 was 17-38 g

28 wag 90 Yu sy Tuvasdivesdniifdunauves
uinn GLBA $asaw 10-40 laetiwiinvasTanusvanu
fiAndosazvesidadaiosnufitevenlsailutag
2-3, 9-11 uay 13-17 ﬁawq 3,28, b8z 90 U MUaIRNUY
MnNanAgeUTiuIwes A unuTisaeidiumn
GBBA ilr¥evavashdsdaiilesanufiseivenlea
geniues-snsunuiidaeidniuen GLBA luvndnsidi
WAZNNYNDIENITVAADU TuTeIgduNesans GBBA
fiffevazvesidsdnidomnuiidsdealvatugeniy
wesins GLBA Entlen Wuiidunaindfiumn GLBA i
S CaO gefeSeway 17.0 wineiens GLBA danddl
Mdadntreuidladisuiusesisfunuiisodium
GBBA FeflSina Ca0 wlns¥eray 2.2 Snwazdananil
wnnasllanngAnssuveuiiatuiiu laeg Papadakis [26]
s109u3 Weunuiinauiiudiiuiina Cao g (Ca0
wifuosay 22.7) lunesiisesay 20 Taemdnues
anUszanu dualihdsdalugusuilinnmaunuiives
dduiusineiaungetulsznadesas 31 vesidsn
flgnnuiiseleansiu Tnsddeiifugadulutsegi
ldlgiAnanAnuazideavesinauiuiissnamen s
Fufniflosannsussanudiedies (Self-cementing)
vaudnauiuiiil a0 8néne sglsfimudmiunanis
nagouvoweiFsdtumiianuluadilaunsaedue
16771 Aawdlidnium GLBA 1 Ca0 gendndnfium GBBA
wivSunanralidundnveadifuenn GLBA fanshnd
101AULAT GBBA 1netdnAuin GBBA dlAwiiusouay 62.5
Tunausdt GLBA fewihiufesay 58.5 uenanidnAum
flgnlsdlafhogluannadontu femaienarly
Ca0 Baszitlaiemsviufiselivhufitenluudusa
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—e— GBBA10
- e -GLBA10

50 60 70 80 90 100

g (1)

JUN 2 enwduiusseninedesasmaedaiiesnnuiservenlearuvesuesinsnly GBBA uag GLBA unuil

OPC Fovay 10 Insuminvesianuseanudlawfisuiuuesimsamuay uazengnisuy

mﬂ'gﬂﬁ 2 WUPANULANANUDIATDEAZYBINAIDN
\leanufAzevenlearuiilofisuiuuesiniaue
sewianesins GLBA way GBBA Wilddnubsiuile
wosiifiongunniu mdn 14 Juduly) wesins GeBA
fiffevazvesidsdndomnuiissdeslvatugeniy
UoTA13 GLBA aguszanauiosas 6, 11, 17 uaw 17 dmsu
Ssdunsunuiidniundosas 10, 20, 30 uay 40
Iﬂaﬁmﬁ’ﬂmaﬁaﬂﬂﬁxmu (gﬂﬁ 2,3, 4 uag 5) AUa1RAU
nnuaneaeuiuandiifiuinioarginniuin
Fanaulaeenlen (SIO,) uazegliuteenlen (ALO,) veq
Wnuandealaensemeuiseveglearueer9dniau
TneLa1um1 GLBA TUsuas SiO, waz ALO, audu
wirfu¥esas 585 T¥esazvesidedilosninufizen
Uetloauvosmosmdmnimefsiunuiidedfiun
GBBA T9diUSias SIO, wag ALO, Taufuwiiudosay
85.7 Tailiiovanusina SO, was ALO, inalagase
semsvufizeeslearu Tasianizegudaiesy
Uangveauasans [22, 27

sUil 3 Wisuiivufesazvesindsaidesnnufizen
voaloaruveuddumideswiafisufuid1aud
uanludunaziBenanaifonounti 28] Fsdleynn
ANIAZLNIATEIUUDS 325 WiniuFaeay 4.3 JUsuw

Si0,, ALO, waz CaO WihfiuSeway 45.78, 21.13 uaz 12.03
iy ShandutireTanUszatu (W/B Ratio) ludau
KANse TSNy 0.65 Sediauvitufufildlunising
afail Wlafidmmdrunsunuiiyufundniuiosas 20
TnethviinuasTanUsvanu (GLFA20) wuinesazaeaidy
dailosnnufitevenleay veweiing GLFA20 fim
Tn&iAesiusosing GBBA20 usidloifisufusosng GLBA20
Fanannsinauiudnludmiioufunuiiueseing
GLFA20 fienfesazansrindadaidlesannujiseiveslsau
genieding GLBA20 enaidlesnannidnfumiiemudy
wAngsnindauiiuifonuvaaiediu Ussneuduh
ufiuannisunguiiudnlug fldusneddluadais
anwagnaneamnanyibiianinisnsyatedalasiy
dunavdsnalidunaesisiauasitaemniy
usnnimnSeuiisufesazvesiddniionn
UiRseenlsaurenifununasiBnanaudius
aewwiaSuiieuivianUeslsaruann@ualuldun
unau-udenlsiunasiBen (GRHB) wazdrduringy
unaziden (GPOF) [29] dwanslugudl 3 wud1 Yevas
Mdsatlosnnufiteeslearuvendunau-den
lifunaziBonludnsnisunuiiyudiuudiesas 20 Tag
hwiinvesTanuszay (GRHB20) fidngandnuodsns
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GBBA20 uazaessns GLBA20 eglsfinugimenguane
(M&91n 28 u) WesANT GRHB20 HA3ewavindadn
\Hosmnuffeenluanusinninuesing GBBA20 1ntios
uiidsnsgandnueding GLBA20 Tuvaurdl fevazidsdn
dosmnuiisevenlsaurendnduthiuunaziden
Tudmmauwnuiiyufuuddosas 20 Tnethutnvesian
Usvau (GPOF20) wuindlrlndifesiuneseins GBBA20
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28 futuly eghslsfmuferasidadmiosnufise
Yarlwauveweiing GPOF20 dwnailArgenduesans
GLBA20 nn91301
NHANSAAEUAS LT AU AR GBBA
audAvaglyanuannni GLBA lnsfevazidsaiiosan
Uise1Uegleatuves GBBA danlnalAesriuiagUagleaiu
HABUINNSANYVEIIUITERBUWT Wy e Uiy,
Eunau-waenls! wasdnduningty

- —e— GBBA20

++e@ - GLFA20 [28]
— %= GRHB20 [29]
—o— GPOF20 [29]
- e —GLBA20

50 60 70 80 90 100

11 ()

JUN 3 anuduiusseninfesarmasdaiiosnujitevelvauveswainisnly GLFA, GBBA uag GLBA wnuil

OPC Foway 20 lnsumiinvasianuseanuidlawfisuiuuesimsamuay uagegnisuy

e d1viunedans GRHB20 uag GPOF20 Hgnsidtsetanusyanuwiniu 0.5
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Sogay 30 lngtmtinvesianUsvaulioWieuiunesmsniunu wayengnisuy
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- © -GLBA40
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JUN 5 anwdniusseninsdesasmaidniiiesannufisenvegloauvesuasinsaly GBBA uag GLBA unui OPC

Soway 40 lnethminvesianUsvaudiawieuiuieiinsnunu uazenanisuy

4.5 U%SJ']QJﬂ']'ﬁLWIu‘ﬁ‘U@@Lﬁ']ﬁULW]
ﬁL‘]ﬂil'WﬂﬂJ
lefisanauduiugsewineiinansunud

voadfuen GLBA Auidssaveeding muguil 6
dmsuengnisun 3 fu wuimsunuiyuTudsed
fum GLBA luUSinaiiiinniudsalidssavesmeiing
anas lunalosnannsanyiinanudndludiusea
oghdlsfnuiiloussiiiiony 60 Fuuar 90 Tu wuidam
nsanasesindssnilosnnnisunuiiyudismdse
fun GLBA Tuthsderay 10 fs 20laethuinvestan
Usvau Tenanadaeanuisadanaldainanuduvesidy
n31l Tnelawizagnadeiiony 90 Ju wudwesiiniidn
fuen GLBA $owaz 10 Tnsthutingesianguszanu S
dngafian uaziimdsalndiAsiuuesiimunuiiold
diunn GLBA TudrunanlsiAuderay 20 Tawtnin
YorianUszanu Mnisaniesazvesmassniieuiv
uefing CT mafindhsnsunuiiveadfui GLBA
feferay 30 nethutinvesanUszanu deamsnsey
Tusuidasalimntdnidlefieuiueddng CT nande
up$ig GLBA30 anaiidssnunninforay 75 ey
3 %u Dl wasiiuduinnnindosas 80 Weuesseny
28 1u

dmsudvEnamsunuiyuTuudiednfuen GBBA
semdsdavesesisuaniiagui 7 lutisergduves
wasins GBBA man1sveaeudulluiemaiieaiuues-
#1% GLBA namnfe weifinuTinanisunuiiyudiuud
indudsalifdssnvomeidiianas agslsfinuie
upiiniiiony 28 T wulnwedmiRTUTInaud A
Tudunautosas 10 TnedwminvesTaguszanu sy
Sngeiian UfiReenlwauvednfiunn GBBA uandwa
lﬁ%’mmumﬂéﬂﬁuﬁmq 60 Tu yindunaanidunsm
wiuliimsunuiyudsndsediiuen GBBA liifu
Sowaz 30 IngthminvesTanUszany wesdsimaviamn
dldgenuediiniuau venandnisunuityufisd
Fendnfiun GBBA Sasaw 20 lnetiwtinvasTansyau
dwaliuesinsiiididageiiony 90 Yu lasgeninmesing
puRuisienay 10 namanadeuiiifiemaieiiuiy
KaeIdeves Jaturapitakkul way Cheerarot [10] &4
enuMIIULRsLdfdfuauazdenan
Tsdluusianglugaadesay 10 s 30 Inethuinvesian
Usgau anunsoaumasdnlagandtuesisaiuay
fausieny 60 Futuly TnsweSisitdunauvendium
Sovaz 30 Tnsdwinvestaguszanu Wiidedngsdian
Ingidmddnganinuesiinuauuiiusosas 8 uag 12
flong 60 wag 90 Yu sy
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5. @3UNan133Y

INNUNAYBINTITELETULAN GLBA Uay GBBA iile
THfutanuenlsaansoagulased

1. dwsvesAusenaumaaiivinlduinsgiu ASTM
C618 \uinmst wudadiium GLBA uay GBBA fif
USuaeun1nfansunssues 325 fevay 3.70 way 3.05
Tngthwiin auddudndutaguosleatu Class F loed
ANATINVBY SIO,, ALO, way Fe,O, Winiuseuay 71.2

waz 91.2 auaau windduwnaslalddnauiu

2. wAndhuannitwuluidhduen GLBA eglusuves
Anorthite Waz Diopside Tnefiuszannsoay 15.9 uas
9.1 Tendwiin aussy Susinaedusuriiulesas
58.5 Iowthutin dwsusdnitnuludnfuen GBBA aglu
U8 Mullite wae Quartz fldiniuiesas 20 uay 14
Tngthwifn audey fusinauedugunhiufesar 62.5
Tngthwitn
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3. msldidnfiun GLBA uaz GBBA ifuSinaioune
Famzunsaves 325 Sevay 3.70 uaz 3.05 Tngthmiin
wnityududluiunas wuiisesing GBBA flanseuay
vosrdedmiilesnnufiteenleaiuganinuesdns GLBA
Tushsrdrunsunuifivinty

4. msldiiniununazdeasuivsunaeunana
nssunsaUes 325 Sevay 3+1 lasbwiin Hutanues-
Toauannsolfunuiiuiiuudldiedosar 40 Tnsthutn
Yosanuszau lnediaadauinniisesas 75 veues-
fsmuRu fiengunnnin 14 uag 60 Ju dwmsuuesing
GBBAA0 Uz GLBAAD Amiaeiy

5. \fletmualiuesinifishandiuiveYagusza
fvifumuin Snsmsunuiyudismdsedifiun GLBA
flviindedngeianfetonay 10 TnsdwinvestanUsza
wazihiutosas 20 TnedwminvesTanusvanudmiuid
AuLA1 GBBA

6. NAANTIUUTZNA

iAfeildsunsatuayusuUszsanalunsinise
PNAABTIMNTINET) ANEIMNTIUAIENT URTINETRY
welulaBnszaeandsuys (@ iavil CE-RMUTT 6222)
waza3rnTsules) ANEIMNTINATENT UMINEISY
usNawuRsunS Snsemsliindherdnuiedsandlne
ol Tanilddmiunsindy feidevoveunman
o Tonarty
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The present experimental study, which involved the design, construction
and testing of a horizontal thermosyphon boiler, aimed at investigating
the general behavior of the developed boiler as well as at determining
the influences of liquid return rate, optimum filling ratio of a working
fluid (water) and overall heat transfer performance of the boiler. The
boiler was made of copper tubing with an inner diameter of 123 mm and
a length of 250 mm. Constant heat flux in the range of 10-100 kW/m’
and constant temperature in the range of 50-90°C were used in the
experiments. A condenser was cooled by cold water at a constant
temperature of 25°C. The results showed that the developed thermosphon
boiler could transfer heat in much the same way as a typical thermosyphon
cycle. Returning liquid return flowing above the boiling surface of the
bended pipe was found effective on increasing the heat transfer perfor-
mance. An optimum filling ratio was noted to be 10% of the system
volume, with the lowest total thermal resistance of 0.065°C/W and heat
flux of 100 kW/m”.
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3.2 wamsnaseUsas RNt dua iy
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3.4 AMAUATUNIUAMUZDUTIY
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fifn Z shaaindu 0.065°C/W FhemdndanuFeuiniy
100 kw/m’

0.20

0.18

©

-

()
1

0.14

0.12 A

0.10 ~

0.08

Total Thermal Resistance, °C/W

0.06 -

0.04 T T

Filling Ratio 10 %
Cooling Flow Rate 500 g/min

0 20 40

T
60 80 100

Heat Flux, KW/m?

JU7 8 Aanusumuanuseusivemilelewimesiylevieu

4. @3UNaN1TNAADY
mMseenuuvaTLarnadeunsiolotineslyleeu
Taomsiuinduduasiaudesnsmsiiu 10% veq
Vmssyuy dedsunasdnilvgtududinvemsiosy
Uszanas 95% Sevinliianvadunieleth Taoviehle
wazvieveuvanluvewvulaeilaegneluniiody
nnuamsnnaeswuimsielothmesTulsweuasdaussous
Tunsaneleupnudeulddiularevieveavarlnandu
wredliagldtnnmasonuaziasliveanainsinegluve
Wietostuussdhuanausulelundedy lunsnaassi

aunsaaeleunnusouandlusinesiudinaunuges
IMads 94-97% uwaznuinmanudunIuALSeuT
Againiu 0.065°C/W sheldndanudeuiniy 100
kw/m?luausiimanuiuniuaudeusiudenedinulty
amauﬁawﬁﬂsﬁmm%ﬁ]uqﬁu

5. 19N&E1591989

1. Wannapakhe, S., 2012, “Heat Pipe and Ther-
mosyphon Applications in Thailand,” The Journal of
KMUTNB, 22 (3), pp. 689-702. (In Thai).



MIAITIVUAS AU 1a5. VT 43 aUUA 1 Uns1AY - SNl 2563 77

2. Sukchana, T. and Thadniam, V., 2019, “A
Technique of Heat Pipe Filling with the Refrigerants
Vapor Compression Method,” The Journal of KMUTNB,
29 (1), pp. 93-102 (In Thai).

3. Srimuang, W. and Kokpimai, D., 2013, “Enhan-
cement of Heat Transfer Efficiency of Flat Two Phase
Closed Thermosyphon by Using Copper Nano Powder
with Water as Working Fluid,” Burapha Science Journal,
18 (1), pp. 125-136. (In Thai).

4. Pipatpaiboon, N., Rittidech, S. and Paramattha-
nuwat, T., 2013, “Heat Transfer Characteristics of
Oscillating Heat Pipes,” KMUTT Research and Deve-
lopment Journal, 36 (2), pp. 259-270. (In Thai).

5. Nakkaew, S. and Wongwises, S., 2018, “Appli-
cation of Heat Pipes to Enhance Performance of Air
Conditioning System,” KMUTT Research and Deve-
lopment Journal, 41 (3), pp. 267-279. (In Thai).

6. Siricharoenpanich, A., Rittidech, S. and Bub-
phachot, B., 2014, “Performance Improvement of air
Conditioner by using Closed-Loop Oscillating Heat
Pipe with Check Valves,” Journal of Science and
Technology Mahasarakham University, 33 (3), pp.
294-299. (In Thai).

7. Kanjai, S. and Mongkon, S., 2017, “Dehumidi-
fication Potentiality of Evaporative Cooling System for
Residential Home by Heat Pipe,” Engineering Journal
Chiang Mai University, 24 (1), pp. 166-179. (In Thai).

8. Sichamnan, S., Chompookham, T. and Rittidech,
S., 2016, “Efficiency Enhancement of Solar Panels
using Copper Mesh Wick Heat Pipe,” UBU Engineering
Journal, 9 (1), pp. 11-22. (In Thai).

9. Nimmol, C. and Ritthong, W., 2012, “Application
of Thermosyphon Heat Pipes for Paddy Dehydration
Process,” KKU Research Journal, 17 (6) pp. 862-879.
(In Thai).

10. Gedik, E., 2016, “Experimental Investigation of

the Thermal Performance of a Two-Phase Closed

Thermosyphon at Different Operating Conditions,”
Energy and Buildings, 127, pp. 1096-1107.

11. Ong, KS., Goh, G., Tshai, KH. and Chin, W.M.,
2016, “Thermal Resistance of a Thermosyphon Filled
with R410A Operating at Low Evaporator Temperature,”
Applied Thermal Engineering, 106, pp. 1345-1351.

12. Chen, S. and Yang, J., 2016, “Loop Thermo-
syphon Performance Study for Solar Cells Cooling,”
Energy Conversion and Management, 121, pp. 297-
304.

13. Liu, Y., Li, Z, Li, Y., Kim, S. and Jiang, Y., 2018,
“Experimental Investigation of Geyser Boiling in a
Two-Phase Closed Loop Thermosyphon with High
Filling Ratios,” International Journal of Heat and Mass
Transfer, 127, pp. 857-869.

14. Gorecki, G., 2018, “Investigation of Two-Phase
Thermosyphon Performance Filled with Modern HFC
Refrigerants,” Heat and Mass Transfer, 54, pp. 2131-
2143,

15. Dobriansky, Y. and Wojcik, R., 2019, “State of
the Art Review of Conventional and Anti-Gravity
Thermosyphons: Focus on Two Working Fluids,”
International Journal of Thermal Sciences, 136, pp.
491-508.

16. Kleanthous, A. and Van G,, R.A., 2017, “Influence
of Boiler Size and Location on One-Dimensional
Two-Phase Vertical Pipe Flow,” International Journal
of Thermal Sciences, 121, pp. 150-162.

17. Jiang, F., Tan, Y., Qi, Guo-Peng., Chen, Wen-jing.,
Han, Xiao-Yu and Li, Xiu-lun., 2016, “Heat Transfer
Enhancement in a Closed Thermosyphon with
Thermally Conductive PA6/Water,” Applied Thermal
Engineering, 101, pp. 322-329.

18. Aghel, B., Rahimi, M. and Almasi, S., 2017,
“Heat Transfer Enhancement of Two Phase Closed
Thermosyphon using a Novel Cross Flow Condenser,”
Heat Mass Transfer, 53 (3), pp. 765-773.



78

19. Kiseev, V. and Sazhin, O., 2019, “Heat Transfer
Enhancement in a Loop Thermosyphon using Nano-
particles/Water Nanofluid,” International Journal of
Heat and Mass Transfer, 132, pp. 557-564.

20. He, H., Furusato, K., Yamada, M., Shen, B.,
Hidaka, S., Kohno, M., Takahashi, K. and Takata, Y.,
2017, “Efficiency Enhancement of a Loop Thermo-
syphon on a Mixed-Wettability Evaporator Surface,”
Applied Thermal Engineering, 123, pp. 1245-1254.

21. Zhang, H., Shao, S., Gao, Y., Xu, H. and Tian,
C., “The Effect of Heating Power Distribution on the
Startup Time and Overshoot of a Loop Thermosyphon
with Dual Evaporators,” Applied Thermal Engineering,
132, pp. 554-559.

22. Zhang, H., Shao, S., Gao, Y., Xu, H. and Tian,
C., 2018, “The Transient Response, Oscillation and
Internal Flow of a Loop Thermosyphon with Dual
Evaporators,” International Journal of Refrigeration,
88, pp. 451-457.

23. Zhang, H., Shao, S., Xu, H. and Tian, C., 2019,
“Experimental Investigation on a Loop Thermosyphon
with Three Evaporators: Unique Startup and Oscillation
Phenomena,” International Journal of Refrigeration,
99, pp. 363-370.

MIANTIFBUATNAINT 135, TN 43 aUU 1 uns1AY - Jurau 2563

24. Padilla, M., Revellin, R. Wallet, J. and Bonjour,
J.,, 2013, “Flow Regime Visualization and Pressure Drops
of HFO-1234yf, R-134a and R-410A During Downward
Two-Phase Flow in Vertical Return Bends,” International
Journal of Heat and Fluid Flow, 40, pp. 116-134.

25. Chehade, AA., Louahlia-Gualous, H. Le Masson,
S. Victor, . and Abouzahab-Damaj, N., 2014, “Expe-
rimental Investigation of Thermosyphon Loop Thermal
Performance,” Energy Conversion and Management,
84, pp. 671-680.

26. Sukchana, T. and Pratinthong, N., 2017, “Effect
of Bending Position on Heat Transfer Performance of
R-134a Two-Phase Close Loop Thermosyphon with
an Adiabatic Section using Flexible Hoses,” Interna-
tional Journal of Heat and Mass Transfer, 114, pp.
527-535.

27. Chiapero E.M., Fernandino, M. and Dorao, C.A.,
2014. “Experimental Results on Boiling Heat Transfer
Coefficient Frictional Pressure Drop and Flow Patterns
for R134a at a Saturation Temperature of 34°C,”
International Journal of Refrigeration, 40, pp. 317-327.

28. Reay, D.A. and Kew, P.A., 2006, Heat Pipes,
Jordan Hill, Burlington.



MIAITIVUAS AU 1a5. VT 43 aUUA 1 Uns1AY - SNl 2563 79

ANUALTWAN NN wasUsLaNEUNEVDUANTLANNLTUZU29

USa31 nunudaniy' Uans gndiseany” sl waadan® uae giveen Inaauyey’
UMIVEIFBNYASANERT ULUNAIALTI WRANINT NTIMII 10900

* Corresponding Author: pitiporn@gmail.com

! danuSgln 9mIviuuINEasue Aoz ona NN YRS

? 599m1an519758 NIATVIRININEATT PILONTINNTSUNYAT
* danSeqns maIviaIKEnTuY AlsenaIvInTSINGYIS

fayaunnaiiy

UNAAEYD

UszIAuUNAY
Suilafiansan - 20 Aomaw 2562
whle : 12 unsnau 2563

ABUSU : 14 NUAUS 2563

AFNALY
WU / 1ANuzaing /
WUTLNBS

Tqusrasdnaanuideilfeilofinyraveinainisushwoniddnenszua
yosuunmosuaratiiuad monm uasUszamduiaveudniifiuiasuzaog
Tneduuusiasuzahdlutnadiunneiy 3 sedu (25 40 waz 55 n3w) asly
wumnes 100 n5u 9NMSANEY WU LL‘U'V]ma%ﬁLﬁ%amﬁnﬂamwmiwﬂamﬁ
nofnssunslvauuuglananaiin ilesnniiidaiinslvaeglutassesing 051060
MsiBuisuzsinannniy shldeduiiamudumavomwunnesanas duwa
soauTRduAiiuazmenmuaAnuzaae Tneusinarudy Uinad Ui
dleoveny nenunds useilldlunisiden and L o* way b* Windudleldfiag
nzahdludinafiinniy (p<0.05) Tuvagiivsinaluiy Yiunssume mnista
imzAuneluomig wazAIN1snauAuRIanas (p<0.05) Han1sUszliuauTRAb
Ussanmdita wut gageulsinzuuummreulaenuinuzshilafiasugng 25
Waz 40 nSumoUUNIMES 100 ﬂ%’umaﬁqmmxhjLmﬂﬁmffummﬁﬁ (p>0.05)




80 MIANTIFBUATNAINT 135, TN 43 aUU 1 uns1AY - Jurau 2563

Chemical, Physical and Sensory Properties of Cake Added with

Mango Puree

Prassara Kanokbodeevanit', Pitiporn Ritthiruangdej”, Paramee Poonsawat’

and Supitchar Maisombun®

Kasetsart University, Ladyaow, Chatuchak, Bangkok 10900

* Corresponding Author: pitiporn@gmail.com

! Graduate Student, Department of Product Development, Faculty of Agro-Industry.

? Associate Professor, Department of Product Development, Faculty of Agro-Industry.

? Undergraduate Student, Department of Product Development, Faculty of Agro-Industry.

Article Info

Abstract

Article History:

Received: August 20, 2019
Revised: January 12, 2020
Accepted: February 14, 2020

Keywords:
Mango Puree /
Mango Cake / Batter

The objective of this research was to investigate the effect of mango
puree addition on the rheology of cake batter and to determine selected
chemical, physical and sensory properties of the mango cake. Three
different levels of mango puree (25, 40 and 55 g) were added in 100 ¢
of cake batter. The results indicated that all cake batters exhibited
pseudoplastic behavior; the flow behavior indices of the batters ranged
from 0.51 to 0.60. The consistency index of cake batters decreased with
increasing mango puree content; the decrease in turn affected the
chemical and physical properties of the cake. The contents of moisture,
ash and fiber and the values of hardness, chewiness, L* a* and b* of
mango cake increased (p<0.05) when the mango puree content increased,
whereas the fat content, specific volume, cohesiveness and springiness
of the samples showed an opposite trend (p<0.05). Sensory evaluation
showed that 25 g and 40 ¢ of mango puree added to 100 g of cake batter
resulted in the highest overall liking score; the results belonging to the
two cake samples were nevertheless not significantly different (p>0.05).
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1. uni

19 (Mangifera indica L.) ﬁﬁ?iamﬁaﬁw Mango
Jneglued Anacardiceae [1] Dunaliiiostoudiddy
feanunsauilaaldvidlusuuuvanvioniunszuaunis
ws3U 2] UssmmBuiieiidadaunsugnuzahanniian
museUszmedy Uiiiaanu Wndln wazlve [3] uzai
Huunasiigaulufeansensrneg 1wy nsaueaneiie
wiuelsiiu wavansuseneulndfiueasneg daduans
pongyinetanmitannsodueyuadaszld (4] ud
\leandnunigiivouuuaziindeingyosuzainsgn
WEINNBAUAE? JohiiAansgaydeluseninanis
gudazn1susny Wuamgliiinnsulssutzadasen
T duiasuielfiduingfuluniswamsdnfusiou (nter-
mediate ingredients) i thualdl Y videldlums
NAALEA! AR KARSMTILL uazLLaUsee [5] whdesan
osfdsznoufiunnsnsiulufiang Wy taa s ulls
wedy 1 Teons wavdug vlFaudRidenionm
dlofuta anunfunsasne arumiin 1eimosioniin
AUy uazAdAsuutadly dedswasienmnm
vowanfainldRusduingiu 1wy amnuawh UFATeN
wil wazfanssumeaunsd [6]

KA Sossiuuneu (Bakery product) Wumilslunan ot
fifimsuslannniigalulan Tnewinidundndasivusey
lssumuiomionnildnuagnessamdudaia [7]
Tnevhludunauvesdnusznauselasiu thana uland
19 uazuy Fsuianadlesu (20-50%) uazUnaiinia
(10-30%) lugnstuegiuussinvuaadn (8] drunauvanil
derufuaglindnfasiifideasBoauaziun annmaes
WntuegfunnslégRuiinan i f8nisman szesim
wazgamgiiluniseviigndes dwiudiunauiildlunng
viuAnuseenidu 2 ngu Ae nauiviliAnlassadsves
n Lo wila o wasun daunguiivinlidnyy Téun
whana Tudhy wazsay (9] Jagduuwniliunisnsentnuas
Tdlaluguamilifintu Tnondnsasivusovdnilugdng
Mnutsenddaduudeifiduloomnsnnsssmadoudng
HeuiflowFeudisufiundnssiansoyiv [10] Sudans
wannanfumuouae sULUU eI IA AN

LagmeUALBINNLFBINIVRUSIAA 1Wu Msunuiiuds
adsedulemmsnnunasdu Saiasiduniduumas
veudulomsaena [11]

91INN1TTIVTWWIFEAE) WU TnsdIiaLsuzn
wlglundndusivuneuransvia 1wu UITEUes Asefa
wazanz [12] Iihasusshanunuiniladdiednm
ﬁuﬁ’al.%ﬂl,ﬂﬁiumamﬁmsﬁ@ﬂﬁy waznuINswNuilsand
fefinsuzshslutBinadiiniy dwalrsinaemmdy
wazidiiiuty venandedimmihiasushenviliey
Tusuvesnavdeutlaiiomuaganneuilulflundnsiousi
YULOUAY 1ne9UITeTs Badifu wazamy [13] e
wilsuzahsnunuiiutsadlundasarountuaznuin
nsunuiiutiseanameutazsutinaduniy dua
TUsinamty lvewns ¥ uasUSunaiugualsiiu
Wy Tuvasfiviinallatuanas udslinunuiseiin
fuduzshanldlunisingn fafunuifelietmnUsyad
lumsAnwravesnslaiilsugaweautRRineInseua
YBUUNNDS WAz auUATLATl Nenn wasUssamauns
YouAnUza o rEafusAnuzsslnduiidosns
vawuslaasaly
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Anaunsalnazisnng

.1
9
2.1 WALIUSU
fsugdiugemuiuldlunuidedlasunis

2

auayuan vsun §Adun i 9110 lnenaninvesiions
uzahafisedl Vsinamedefiazaeihldiimun 235 +
0.10 93rU3Ng USunanmaimduazusunasinna
Waiua foay 50.09 + 0.62 WAz 56.17 + 0.86 ALY
mnutudenar 73.67 + 0.16 A8 L* a* uay b* whity
54.14 £ 0.02, 17.79 + 0.05 wag 69.32 + 0.29 AU

2.2 ANTIELNUNITNAGDY
Tusuddeil IdvinisnemavesU3unafiog
wzsifidnenmaminveunmes waraudidaad
MEAN LagUsyavdunaaaanuzang IngRunususuna
NUIULHUNTIUIU 3 5¥AU AD 25, 40 kay 55 nSusathmein
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LLUUEjﬂ,JﬂaJU”ﬁiﬁ (Completely Randomized Design; CRD)
gnsiuguveadnusznaude ulladn 2646 nfu 14l
24.27 n%u thanavisne 23.81 nu thsuity 23.81 ndu
B4y 0.66 N34 wanalann 0.40 N3 uasnde 0.40 ndu

Frsiudnuzaneildlng Jeuntadn wm wei
Toan wazindonausauiu wildld wasihmansieadula
wamam%‘laq Kitchen aid (KMX51, Kenwood, Kenwood
Limited, Havant, United Kingdom) duseemnandaunu-
nans Wuwan 57 nduldutiefiseussonls wazhify
foadlulonay Jussarudiviunars Wunar 1w
Tdfsuzahasluduesmennuiunanaduna 1
Wi antumdiunay 500 ndu laaslufidndmaey
U0 5 x 5 x 2.5 11 suldnlagldiedes Electric Convec-
tion Oven (DH4B-B, LinkRich, Linkrich Machinery De-
velopment Co., Ltd., Saint-Petersburg, Russia) ﬁqquﬁ
190°C tJuranUszunas 30 ui

2.3 NSAATIZHAMURUAVDILUNINDS
myiaaanuviiavedauunines lneanuwlag
75113094 Chaiya Way Pongsawatmanit [14] THe5eq
Brookfield (DV-IIl ULTRA PROGRAMMABLE RHEOMETER,
Brookfield Engineering Laboratories, Inc., Stoughton,
Massachusetts, United States) 1d#iniuas 29 aananss
soulunsvyueglugia 10-100 rpm AIUANENMYIIYES
198797t 25 + 1°C JnAn shear stress (7) waz shear rate
) dieaenswemuduiussewinen T uay ¥ uay
aSunANENTUSAEaNNS Power law (T=K)") Wia
mAwaiANNTUmal (consistency index; K) wagan
sstinnslua (flow behavior index; n) Y8akUNNDS

2.4 NMSIATIZRENUALTIATIVRILANUZIIAY
ApszesnUseneumaaiilaeussunnd (Proxi-
mate analysis) U09R29819LAN AINTEN15909 AOAC
[18] oA Aty o Wdulevenu i waslusiu
(5.70 x Vsnadlulnsiauiiammn) udahinfunauiunn
anslulainsn 91ngns A1slulawmsn (%) = 100 - e
(%) + lugiu (%) + 1duleneu (%) + 181 (%) + TUsAU (%))

2.5 N15ATITHUSUINTIUNIZVDILANNL9
AATEAUSUINTIUNILV0 MBI UANAINITNNT
904 TIS.(374-2534) [15] Tagldnsunudicneiudne
(Rapeseed displacement) mstaimdnfegadn
wpi (n) ndulddnurduadunmusifieruguay
AN nuzaefiasinsTaUsmss I
Budnnlhdugoriistaduiswasduuuresnvuy
SnUsinnsveadanildifivadluioun () densyuen
M MntuTaUsinAsvesmvusiUalagnsiiuEn e
TAdLN LA IRUSIIRsTRRNaA (A) MenszUBnm
WA UIIRSILWE (specific volume) 31ngns
YSumsamne = [WSueswana (A) — USunasiaidn
()] / dwtidnuzsiag (n)

2.6 NMIATITRENUATIFvaLANUZH2S

a1 auTRdedvesinedadodnauly
(crumb) wazauuen (crust) IneanLUasisn1sves Ronda
wazAme [16] ¥mstusethadnuzahadudivaouwun
30 x 30 x 30 fiadwng TarnddewAdes Spectrophoto-
meter (CM3500d, Konica Minolta Sensing Americas,
United States) lussuu CIE L*a*b* Tdunasnudinues
D65 aslunsIn 10° AVARIR ¥ L* (Lamsanaing
fidnogszaring 0 (@) Fla 100 (@), a* (A3emaNe +
mNededEung wazAIemng — wedadlden) uay b*
(PSesmny + Mnededndes uaziedonay — muned
A

2.7 milnnziandidadeduiavaadn
U229
insziaudiduideduiavesnedadn Tng

FauUasiinnsues Huane wae Yane [17] 14ie3eq Texture
analyzer (TAXT Plus, Stable Micro Systems Ltd.,
United Kingdom) #1835 Texture Profile Analysis (TPA)
Tngmsvagouwsena (Compression Test) IaAAmuds
(Hardness, N) mimsgainiziunigluams (Cohesive-
ness) ANISNEUALET (Springiness) wavusafildlunis
e (Chewiness, N) sa3sheghadnuzsieiiududivasy



MIAITIVUAS AU 1a5. VT 43 aUUA 1 Uns1AY - SNl 2563 83

R 20 x 20 x 20 dadluns RIIALUUNTINTEUBN
YUIR 36 UaAAT (36 mm cylinder probe) MuuAEN1IE
lumsasai] load cell 50 ke, pre-test speed 5 mm/s,
test speed 1 mm/s, post-test speed 1 mm/s UWaznAss
vufegadusrezmg 10 fadiuns

2.8 M3UssliuanURiaUszamaulavas
LANNZAI
MNFUsEIUANUYRURIRENLANMETS 9-Point

Hedonic Scaling Test (Aguuuwindu 1 fie lsfweusnniian
wazAzuLuWY 9 fio veusniian) Tugudnuasud
thaavemiién eusiunmvesmdidn anuutue
nAusANZI MM e wazauweulassa Tng
Himaaeuillirunsiindudwau 50 ey ESIHBE
WiouAUlAgIASIAUNITETILUUEN 1UHUNITNARDY
LLUUEjNUéaﬂam‘JJmJ (Randomized Completely Block
Design; RCBD) wazivualigduduuien (Block)

2.9 NMSIATIZANANISEDA
AanURTInIenIN 1Al kagUsyamduiauas
Wnuzahaildudieszsinunlsusau (Analysis of va-
riance, ANOVA) fisiupnudotiuosas 95 uasil3eu-
Wisuauwaneeesr eden1adalagds Duncan’s
New Multiple Range lngldlusunsunauiamesdniagy
SPSS for Windows (IBM Co., New York, United States)

1600
1400 - .
1200 s Y
1000 & A s

800 u’

Shear stress (Pa)

600 | 7 o
¥ o

400 ///"/’/

T T T T T T T T T T 1
00 25 50 75 100 125 150 175 200 225 250 275
Shear rate (1/s)

(m)

3. wamiwﬂaa\‘umz%mmﬁwa
3.1 HANNFIATIZHAMIUNLAVDILUNINDS
definnsannsmleuduiussyning shear stress
WAz shear rate YoUMMEsTIRULUTUS IR suzhg
Tusgfuunnsstudauansluguil 1(n) afunanisly
dun1s Power law adungAMudNTUSAINaIRINERSIY
197 1 WuTaums Power law ansnsnesunemginga
nslvavesuuninenndsmaaedldiduedned (R = 0.99)
Tnguummesnnamnasuansmginssumsivauuuela
wanahn (pseudoplastic) wesanendwinisiva (flow
behavior index; n) vesuunmeiaglutag 0.51-0.60 39
fantdosndn 1 [19] WneAnumilausing (apparent visco-
sity) vesuUnesanaiiosnsdeu (shear rate) uaw
Uaanaunslafasuzshadfiuty (20] uanafegud 1 (o) uay
definnsanarduiinnuduma (consistency index; K)
YuUnWesTiannsneSuedeauniinld [21] wuth
Slelafnsurahdlutiinaiiunniu fnavilruunmesdion
ANUrlinanasiasanlianARTtinNT U IAnAIN 1
Vinaiasuvaheildiiaty senndasiunuidoves
Gurung wasane [22] Aldhiasiinnesunuiiutiend
Tundnsaridanin waznuinislaiasilnnedluuiinai
wndudumsiiuviinahadludiunauvesunines
desnfasilnnesiiunlifvinueutugediosay
92.1 @maliANUNLATOUUNNDT UATAIIUNUITES
Uans ananuanu

] m 25 g Mango puree
1264

A 40 g Mango puree

100

\\ @® 55 g Mango puree
N3

Apparent viscosity (Pa.s)
~
3
L

o
3
N

25

T ===}
50 75 100 125 150 175 200 225 250 275
Shear rate (1/s)

(@)

T
00 25

JUT 1 n1lauduniussendng shear stress wa shear rate (n) WagnsAnuduiussening

apparent viscosity Wz shear rate (1) UaauunivasiRuiLsuzasluszAULANA1TY
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A51991 1 wavesUSinuiisuzirenvlinuTume (consistency index; K) wagsuiinisiva

(flow behavior index; n) YBIWUNNGS

USaiaLsugaing (N3N)  azanadwnan (K) AzHn13Ina (n) R
Aauuninas 100 n3x (Pas")
25 384.99 0.6069 0.9990
40 334.14 0.5573 0.9991
55 297.52 0.5186 0.9995

a ¢ va a = b4 1
3.2 NAN1TILATICHENUALVILAUUDILANNSUIY
PNNMTIATIERDIAUTENEUNILATVDLANNEINAS
Ianauananan1s197 2 WeldaisugaslulSunaiinniy
WUMUTUIUANAY L1 waziduleveuiiuduegdite
dAMeaEda (0<0.05) esaniasugiasmiun 4 du
Fogavluniideifunduesduseneundniisiosas 73.7
a ' < vl v <
dnnauzandunaliigauluimeleems siwmdn uaz
Tnunadeu [23, 24] dawalianuzdiadivsunaduleveny
waznuYy Turauzvinaluduanasetsdidedingy

n19edin (p<0.05) Matidunaiilesnangnsuvedlasiasis

dllanansoduilfiduedned Feduviimadleiiia
1nfy aluanauannsalunissuiuisuilddu
TmgAu (oil-binding capacity) dwalviusunaluiugau
YaIHANSuIanTIIEanad [25, 26] aenndediuiideves
Ramirez-Maganda wasmay [27] Mldhfiasuzaiien
wnuinlsand LLazﬁwmamwLﬁaLﬁuﬂmﬁwwwqawwﬂiiu
NAAFSTEITIL nanuinsunuiiutlianduazihmanse
fefsushdutsinadnnty dealiuinaemuty
wavduiuay Tuvasfivsinaluiuanaaguientiu

A15199 2 HAYBINTHUNLIULUNTEAULANA1TUTULUNMDIABRIAUTENBUNNLATYBILANLLL

USu1aaLTNLaI9 (NTH) AaluNINas 100 n3w

asalsznauneLai
25 40 55
Moisture (%) 21.76 + 0.95° 23.57 + 0.41° 28.27 + 0.17°
Protein (%) " 6.60 + 0.32 6.64 + 0.06 6.89 + 0.01
Fat (%) 29.00 + 0.32° 27.49 + 0.12° 26.57 + 0.16°
Ash (%) 1.28 + 0.02° 1.31 £ 0.01° 1.39 + 0.01°
Fiber (%) 0.90 + 0.06° 1.06 + 0.11%° 1.28 + 0.20°
Carbohydrate (%) 39.65 + 1.64° 38.53 + 0.59° 35.12 + 0.17°

wewme : *° MdnwsfisaiulusieulanatisrdeNiinNuwanaiunEda (p<0.05)

" uansteAnadslunuiueunluinnuuana1aiuniseads (0>0.05)

3.3 NANTSIHATIEWANUALTINIEATNYBILAN
FIEF UK
1877 lUuaUSIIASINZYRIANTIANUFLTUS

AUAIANUALAVDILUNNDS TuauIT8dnuUI iDLy
USHNaURITULUIN FIRALAUSHINTINNIEVDUANANAY
Aauandlun1snedl 3 uagguit 2 Maiilunailesnainide
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WinSunafasusahannay dsaldrnuviinvesuun-
wasanad (Fam131et 1) Suaviliuianisveulaeenles
wazlediafansvenediluszninemseulsigninifiuly
meludn SoilsinstuguasUimssumsaoudnanas
AUAAU [28] dnAaBIUIUITLUBS Erfanian Lag Rasti
[29] flfhuudwdesnunuiivelundasasidnuay
WU msunuiuudmdedulsinaiiunniy vl
wilvesuunmodifinay iesanarmannsalumsiuiy
Yrussuuimdosnnnituuti wunmessanusafniiv
wRauaslothldd dwalidusunnssimevaadniiuanniu

defansanaAdodudaninased 3 wuin nsld
fisuzhdlutSinadiunniy deslsimnstanmefumely

91113 (cohesiveness) WazAINISNAUAUR (springiness)
anas Tuvaedinauuds (hardness) uazuseiildlunis
e (chewiness) Lﬁm%uasi’mﬁﬁaﬁﬁfywmaﬁa (p<0.05)
dlamnUsinessumzuasySnaletuiianasdamaliien
anandadiugnndy [30, 31] @enndssfuiuisees
Hussien [32] Alsthiiasuaunguuunuilusulusdn-
Fidnudamui msimuinaiasuaumgUluginnm
ity dewalsiiauuduasusaildlumsidedivnn
Fu 1lesnUBnalluiiufianasuasUunandulo ity
MlrduiuneseiniaLazUsuinsaumizluiinanas
ANAIAY

AN5199 3 HAYDINSLANALITULINTEAULANANAUIULUNMBSABBIRUTENBUNLALVBLANLLLIR9

USaaiLIngaiag (N33) Aauunnas 100 n3x

ANUALTINIBATN
25 40 55
Specific volume 2.27 + 0.06° 217 £ 0.07° 1.53 + 0.04°
Hardness (N) 2.06 + 0.10° 2.26 + 0.14° 3.53 + 0.16°
Cohesiveness 0.74 + 0.02° 0.72 + 0.02° 0.66 + 0.03°
Springiness 0.933 + 0.007° 0.925 + 0.012° 0.900 + 0.015°
Chewiness (N) 1.44 + 0.07° 1.51 + 0.06° 2.05 + 0.20°
L* (Crumb) 57.11 £ 0.18° 61.89 + 0.03° 62.53 + 0.20°
a* (Crumb) 10.42 + 0.22° 10.65 + 0.16° 12.08 + 0.14°
b* (Crumb) 36.66 + 0.21° 37.53 + 0.20° 39.14 + 0.08°
L* (Crust) 40.39 + 0.25° 43.42 £ 0.41° 47.60 + 0.15°
a* (Crust) 12.58 + 0.37° 17.50 + 0.38° 19.91 + 0.04°
b* (Crust) 17.27 + 0.33° 18.86 + 0.24° 27.66 + 0.21°

25 g Mango puree

40 g Mango puree

55 ¢ Mango puree

JUN 2 dnuzunnguenanuziiidnisuzdlussiuuaneeiulubunves
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WaNANTAUANENURTIEIINANTIN 3 WU NS
fnsuzshslulSunamunndu dawaliranududivdes
(6% voadansuuan (crust) wagiilomuly (crumb)
YRUANANTY L9 n AN Uzaan Tl uauITe iy

| o ' P 9 P 1
wzanan lnevllueinsgnusznaumetusualsiiugalu
sndngilidvdesssunm 1,768 lulasniusie 100 n3u

yoiiionzaini [33] donndasfunddoues Mala wazmas
34] Igwaitnesiv3suanideiinesdsiiuguelsiu
g linaunundendlundndasidniuuagnuin msld
naitneslutSinaiiunniy dwaldamnndudivdes
(b" voudosulusflufisFuuie i

A13797 4 AndearuuunurauluAMAN YL BAANLLIIRINMTALTITHLNTNTEAULANAIY

Tuwunines Tngldgnaaeudnuiu 50 Ay Uszdlumegds 9-point hedonic scaling test

a1 aNaLTNLaI9 (NTH) AaluNInas 100 n3u

AmansmenlsTaMaNia

25 40 55
finaavasnian 7.0 £1.2° 6.5+ 14° 57+18
ANMNAWINIVBIRTLAN " 6.5+13 6.1+14 63+15
anuwinLie 6.4+18 6.4 + 1.5° 5.6+ 1.8
nAuIRNZARg ™ 6.0+ 1.4 58+ 1.4 55+ 1.7
AWUY 6.6 + 1.6 6.8 +1.3° 6.0+ 18"
IRWIB 6.7 £ 1.4° 6.3 £ 1.6 57 +20°
anuTaulagsin 6.6 + 1.3 6.4 +1.3° 56 +1.8°

newg 7 idnusiireiululuiueulansisinadeniinnuuaneieiun1eatia (p<0.05)

" uansteAaagluninueulifinuuanaeiunsada (0>0.05)

3.4 wansUssliuanURdeUsTamaNiEvas
WANUEIY
M99 4 wanaman1sUsEliuANTeULAD
uzahsiivszdulaeinagey 50 au wuindnuzies 3
a3 dazuuunnuveulunadnuuyaiuAuiuNIves
wihidn wazndusauzadidliunnenefiunieadd (0>0.05)
Ineilnzuuuanuvevdiulvgjodseninsvanlilainvey
visohiveufwouidnities dunzuuuauveulunadnua
Frimavemtén muutuie Ay sawnu
wagarmvaulns oA nLEe 3 gnsuAnsneiuy
oghailifdAmeada (0<0.05) Tneiinuzsinegnsild
fusuzaha 25 waz 40 nSusethutindunaw 100 ¥
fazuuumnuvouiunudnvazdinainniignuar sl
WANFAUNNETH (0>0.05)

4. @3UNaNITVAABY
mslafnsuzisluliinaiwnmsiudwanoau T
\B9NTE AN VIO WA AUURTLAT NuAIN Lay
Uszamdudavondnuzig efinnsanmnumiaves
WUILNDINUIN LL‘U‘VIma%v;ﬂ?iwmaaaﬁwqaﬂﬁmmﬂ‘via
wuuglananadn waznslafnisuansluimnadiiuty
dwaliuunedtauniinanasiesainusinanily
dunanisnniu Wefinsanautiidaetinagmenimees
Wnugshanui nslafasuvshslusinadiiutudma
TiUsnaaLTy U3imand Ysunandulevenu Aaau
wia useifldlunisien wazAaududivies (0% Wudu
TuvazfivSunadasiu Usunnssime arnisdanieiu
Meluems wazANsnauAumanas amsuauUmLg
U NEUNEYLANULUIINUI Lﬁﬂmmqqmﬁiﬁﬁmﬁ'
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Wgdln 25 way 40 numemiindunan 100 nsu 1y
gnsnilanuveulaesannigauazliunndaiumeaia
(p>0.05)
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This paper reports mechanical properties, thermal conductivity and
microstructure of hemp concretes as well as the results on the potential
of using hemp shiv as coarse aggregate in concrete. Hemp shiv was
mineralized with aluminium sulfate and calcium hydroxide prior to being
used as coarse aggregate to produce hemp concretes. The ratio of hemp
was varied at 0.8%, 1.2%, 1.6%, 2.0% and 2.4% of the weight of cement,
while the cement to sand ratio was fixed at 1:2. The ratio of AL(SO,), to
Ca(OH), was 1:2 and the amount of superplasticizer was fixed at 1% by
weight of cement. The results illustrated that compressive strength and
flexural strength of the sample with the lowest ratio of hemp (0.8%) were
higher than those of the sample with the highest ratio of hemp. Thermal
conductivity of concrete with the highest ratio of hemp (2.4%) was lower
than that of the sample with the lowest ratio of hemp. Sample at the
highest ratio of hemp exhibited higher porosity and more extensive pore
distributions, resulting in a lower compressive strength. The results on
microstructure and those on compressive strength corresponded with
each other.
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Assessment of research units and personnel has widely been conducted
using various different criteria. Since many of the utilized indicators are
much qualitative in nature, a guideline that involves the use of clear and
easily assessable quantitative indicators are desired. This article presents
a guideline for assessment of research units and personnel to achieve
academic excellence. In the case of research units (especially those
affiliated with universities), the following indicators may be used: (1)
number of publications in Scopus-indexed journals (or TCl-indexed
journals in the cases of humanity- and social science-based research units)
and number of granted patents; (2) quality of research publications as
determined by the number of Scopus-based citations; (3) extramural
grants; (4) number of master’s and doctoral graduates and (5) results that
have been practically implemented. In the case of research personnel,
the following indicators may be used: (1) number of publications in Scopus-
indexed journal — both the total number of publications and number of
publications in first- and second-quartile journals may be considered; (2)
number of Scopus-based citations; (3) h-index as calculated from Scopus-
based citations; (4) number of extramural grants, both the total number
of grants and number of grants served as principal investigators; (5) number
of outputs that have been practically implemented along with their impact.
The proposed guideline is partially in accordance with the criteria used by
QS and Times Higher Education World University Rankings, so it should be
readily implementable and well accepted.
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