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Objectives

The main objectives of this journal are:

1. to publish research articles and academic articles in science and technology, Journal focus are Electrical Engineering,
Electronics and communication Engineering, Computer Science, Computer Engineering, Civil Engineering, Mechanical
Engineering, Industrial Engineering, Occupational Health and Safety, Environment Engineering and Agricultural
Engineering;

2. to become a center for exchanging innovations in science and technology among researchers and interested persons;

3. to become a collection of interesting and valuable research papers and articles;

4. to promote and encourage Southeast Asia University researchers and interested persons to develop innovations.

Scope
To publish research articles and academic articles (Review articles, Technical article, Special Articles) in science

and technology.

Schedule
SAU JOURNAL OF SCIENCE & TECHNOLOGY is published two issues annually. The first volume is published

between January and June and the second is published July and December in each year.

Comments on the article of the SAU JOURNAL OF SCIENCE & TECHNOLOGY is a personal opinion of the

author. Editors boards may not necessarily agree.
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Abstract This study aimed to develop a chatbot system to support financial services at
Lopburi Technical College and to evaluate its effectiveness. The system was developed

using a LINE Official Account integrated with Dialogflow to provide information on
travel expenses for official duties, advances and reimbursements, as well as expenses
related to training, events, and international conferences. The research involved 346

personnel, with data collected from a sample of 190 individuals over a period of four
months. The findings revealed that the chatbot system achieved an accuracy rate of

96.04+ in responding to inquiries and significantly reduced the time required to obtain
information from staff. Users reported a high level of satisfaction, with an average

1
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satisfaction score of 4.93 (S.D. = 0.26). Additionally, the system demonstrated a fast
response rate (average score of 4.84) and enabled continuous access to information
without the need for direct staff interaction. User feedback further suggested expanding
the chatbot’s functionality to support other services, such as academic registration and

personnel management, and enhancing its natural language processing capabilities to
handle more complex queries. These improvements would contribute to a more efficient

and sustainable service system.

Keywords: regulations, finance department, chatbot, Line Official Account, Dialogflow
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Theoretical Investigation of R600a Flow Characteristics
in a Capillary Tube Used in Refrigeration Systems

J
=

s3] wgaiiu, YoBa1 wyningy, Maywad leanswdasna way 1515u3 Audina*
Kraiwit Yesungnern, Piyathida Detkorrakit, Phanupong Hengsubsirikul and Worachest Pirompugd*
MAANIAINTINATEINA AN IAINTTUMARS IHANIEEYIN
169 DUUAIIAY LAY Muauaugy Suneilesrals 39niarals 20131

* Ya o .
AHUNUT52a114970 © worapiro@eng.buu.ac.th

o Y

o A & A a o A o a o a
uisvYNAIWN: 1 nTNgIAN 2568 / Fuiud lvunaw %R 1 - 7 @anian 2568 / FuiineuumsaARuN: 15 AIAN 2568

o 0 Ao A g = a a A o ° < ' ' 4 A Aa
unaage uITeiiiumsfnyuFngunernums lvavesasiianudu R600a Hiuneganusontoy
H T Y Fl k4
Foniud ienaats nuusiaesnendiamaniinannyuzeguuiugiuvesnms luaiie@oaves R600a
] 1 o H H L Q‘ d
suneatlaais Tag R600a aziimIn)asuaniuzaasans va Faazisunnamuzveuraidubon vouvad
AUAI VO IUNAIDUAI- 19O UM IUNTENT R600a VANWS MMAUANWS NToaNn1900nv0Ina1daals
° a S W 2 Yo A o v P Y o A R '
uuuasnuagiamdaimianIuIdsumstudunnugndesTaemsnfSeuiioununadns lueda Fanun
] v i1 ] Y
Tanuaeandodtaz1ndiReanued 1989 UeNIINTIINHAGHT WU LDEAIINT IHaiuIY ANVAUVDI
' 2 { 4 2 ' ' - { o < A °
R600a 920A0081959913 Tuvaiziimsiivinveaduriugudnatenitaasnaszauanududeia
v Y r H H v
1¥6a31m3 lnaves R600a azApuiudY e 1¥Ausuiiana e R600a HiA1AN dauneninuugusy
' o § ' o dA 1 @ o o 1A '
1NN 91ABINTBATINS Inaitieandn uazaz Iimadns niausad miunentivualvg

o o X o ' a = o <
AdIALY : ﬂ1511‘1’iﬁ!,uf)!ﬂﬂﬂ, ﬂﬂﬂWﬂﬁﬁTﬁ, TEUUMANULEYU, R600a

Abstract This research presents a theoretical investigation of the flow characteristics of
R600a refrigerant through a small-bore tube, commonly called to as a capillary tube. The

developed mathematical model is based on the homogeneous flow, accounting for the
phase change of R600a along the capillary tube. The refrigerant enters as a subcooled liquid,

transitions to a saturated liquid, then to a saturated liquid-vapor mixture and finally
accelerates to sonic velocity at the tube outlet. The model was validated by comparison with
previous studies, showing excellent agreement. The results indicate that as the mass flow
rate increases, the pressure of R600a drops sharply. In addition, increasing the capillary

tube diameter or the degree of subcooling necessitates a higher flow rate to maintain a
constant pressure drop. Conversely, a rougher inner tube surface requires a lower flow rate,

with the effect being more pronounced in larger-diameter tubes.

Keywords: Capillary tube, Homogeneous flow, Refrigeration, R600a.
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Abstract The researcher investigated the operation of the automotive underbody anti-
corrosion coating production line and found that the current process exhibits issues of
paint film sagging and overspray deposition on the vehicle body surface. These defects
cause disruptions in subsequent production stages, leading to machine downtime. The
objective of this research is to establish standardized work procedures in the production
line, reduce operational problems, and minimize coating material costs. Data were
collected from all stages of the coating spray process, after which the root causes of
problems were analyzed using the Why-Why Analysis technique. The development of
standardized work instructions, with the spray gun pressure set and controlled at 80 bar.
Furthermore, the procurement plan for coating materials was revised to achieve greater
efficiency. As a result, the underbody anti-rust coating process in automotive
manufacturing became more effective.

The results of the improvement in preventing underbody anti-rust coating flow
indicate that, prior to the modification, 10 vehicles encountered this issue in October
2023. After the implementation in December 2023, the number of affected vehicles was
reduced to zero, representing a 100% improvement. The number of defects observed at
the fender area decreased from 27 cases to 6 cases after improvement, corresponding to a
reduction of 77.78%. For the hood area, the number of defects decreased from 15 cases to
0 cases, achieving a 100% reduction. Additionally, the spray gun pressure standard was
controlled at 80 bar. Furthermore, the problem of excessive procurement of coating
material was addressed. The purchase quantity was reduced from 188 kg to 153 kg after
the improvement, corresponding to a reduction of 18.62%. The overall improvement
outcomes reflect the effectiveness of the measures in both process quality enhancement
and efficient utilization of resources.

Keywords : Under body coating, Cost reduction, Work method development, Why-Why
analysis
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Physical and Mechanical Properties of Cement Mortar
mixed with Recycled Spent Coffee Grounds

NasA1 VITAT tay oriya Yszangilin’
Kultida Bunjongsiri and Anunya Pradidthaprecha*
1IN INOINAAS FUNIN WIS TURIEI TN
9/9 1.9 MuAL1aYA ©.110n5A 9.uuNE 11120 Uszmalne

*ﬁﬁwuﬁﬂizﬁwuawu : pradidthaprecha.w@gmail.com

o @

. . y .
URSUUNAIY: 25 NTANIAN 2568 / SuRd Tvunaaw ATed 1 - 16 Aueneu 2568 / SulineuiumsARUN: 18 Fuereu 2568

v

o T Aaw A wa A P s ° A A
unange NuITEHANaTANIMEMnIaziFInaveaues a3 suuanaumanun Tasi llununnseniesas
b 1 o Q
01020 30 40 50 70 90 az 100 TasSuas nageurfFinanit Tasaruguains Inasesaz 110 + 5 nadeuiias
SuusadaveweiAsioIgnstn 7 14 21 uag 28 u srenmaInndesganssainuylFuas yuna 500 11 1iegHa
[ 4 4 1 o <3| [ 0
msnszaeiavesninni luvesans mamsnageunuil mahimnnudiluiganaununstodanalina
) H \ 4 X A Y o gy o oo Y y L2y =
#09M5 U I IUHFWANTY M5unuNnTealen1nnu i lduesmsianuasam s unyTuSevay 4.43 D
o W o W o 4 a v @ o @ w v v
44.83 AUAIAL HANITNATDUNIAIVBINDIMSHANMANIUNTORTIMTWAILIveIAIaIgalulAaza IUNE Y
v v 3 1 v x
asulasnuuiudosay 5.72 Wenaumnnundesas 30 tazildsulasanasdesas 11.29 owaumaniuuios

@

az 100 TagauIngimasfuussdaiuvur Iuanas wazlimsianniids liinmin SededimslSulgedumay

' IR T 2 R a b} ¥ =

ao'll mirehminvesweimsvuegiufFinavesmnnuvuasinuaTiuanasdosas 6.51 3 30.52 amifsuw
' ] v ) '

nmnnuliiinay smmennndesgansseniuunlfuas nomsnsznedivesmnnuindlediseuesang

3 & A o o

wuihuiiemedny

4 4

AMEAY : woim3, M, N5, MAFUITIBA

Abstract This study examined the mechanical and physical characteristics of mortar that
contains coffee grounds at volume percentages of 0, 10, 20, 30, 40, 50, 70, 90, and 100« in

place of sand. The mortar's water content, flow, and control flow rate were tested at 110 + 5
percent. The mortar's compressive strength was tested at 7, 14, 21, and 28 days of curing age.

The effects of mixing the coffee grounds mortar were seen using a 500x Optical microscope
to acquire the results. According to the test results, the combination needed more water when

coffee grounds were used in place of sand. The water consumption of the mortar increased by
4.43+ and 44.83v, respectively, when coffee grounds were substituted for sand. According to
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the strength test results, the rate at which the compressive strength of each mixture developed
rose by 5.72% when 30% coffee grounds were added, and it fell by 11.29% when 100+ coffee

grounds were added. Further improvement of the combination is necessary because the
compressive strength tended to decline and there was little strength development. Depending
on the amount of coffee grounds, the mortar-s unit weight tends to reduce by 6.51 to 30.52
percent as the coffee grounds content rises. The uniform distribution of coffee grounds

throughout the mortar sample was demonstrated by the Optical microscope images.

Keywords: Mortar, Coffee grounds, Sand, Compressive strength
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Table 1 swazsﬁaﬂmmdauwamamai’m%waumﬂ

A
*Coffee ~ Mix Proportion of Mortar (By Weight)
Grounds  Cement Sand Coffee =~ Water
% kg. kg. kg. kg.
0 733.63  2017.48 0.00 595.71
10 733.63  1815.73  106.63  622.12
20 733.63 1613.98 21325 663.20
30 733.63 1412.23  319.88  708.69
40 733.63 121049 426.51  758.57
50 733.63  1008.74  533.14  783.52
70 733.63 605.24 746.39  815.79
90 733.63 201.75 959.64  840.74
100 733.63 0.00 1066.27  862.75

* Coffee Grounds: % Replacement Sand with Coffee

Grounds
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Abstract This cross-sectional descriptive study aimed to investigate the level of participation
and personal factors affecting the level of participation in environmental management of
residents in a condominium building in Bangkok. A sample of 323 samples was collected
from the sample. Data were analyzed by descriptive statistics and ANOVA. The results
showed that the most prominent factors were (1) residents’ participation in environmental
management, environmental sanitation  system,and (2) residents’ participation in
environmental management, safety system, which were at the highest levels, i.e. X =
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4.40£0.640 and x= 4.40+0.602, respectively. The results of ANOVA and t-test on personal
factors revealed that gender, income, and length of stay did not significantly affect the level
of participation in environmental management. Residents with different household status, age,
and highest level of education had different levels of participation in environmental
management at the 0. 05 significance level. This research will be useful in determining
appropriate environmental management policies for condominium management in Bangkok.

Keywords: Participation, environmental management, condominium, safety, residents
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Study of the Use of Primavera P6 Computer Program for
Planning and Cost Planning for Construction Project
Management
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Abstract This research aims to study the use of Primavera P6 program in planning the
duration and cost of construction projects by analyzing the quantity of work, materials, labor
and machinery from BOQ (Bill of Quantities) for planning and comparing costs. including
project performance indicators such as BCWP, BCWS, ACWP, CPI, SPI, CV, SV to assess
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the value and efficiency of the project from project simulation in 4 phases, found that 1.The
project progressed 25%, BCWS value = 20,341,803.04 THB, SV value = -20,038,557.54
THB, CV value = -109,491,703.68 THB 2.The project progressed 50%, BCWS value =
33,980,146 THB, SV value = 6,180,297.5 THB, CV value = -108,137,343.72 THB 3.The
project progressed 75%, BCWS value = 94,905,240.52 THB, SV value = 11,986,476.95 THB,
CV value = -90,474,325.45 THB 4.The project progressed. 100% BCWS = 109,794,949.18
THB SV =0.00 THB CV =-83,198,409.53 THB The results of this study show that Primavera
P6 can help to make the planning and monitoring of construction projects more efficient by
estimating the actual cost compared to the planned cost to improve the project management
for maximum benefit.

Keywords: Planning, Earned value analysis, Construction project management
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Project S-Curve (Earned Value Analysis)
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A Study on the Impact of 2k+1 Harmonic Components on
the Lifetime of Oil-lmmersed Transformers
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Abstract This paper investigates the impact of 2k+1 harmonic components on the lifetime
reduction of oil-immersed power transformers, aiming to prevent insulation degradation
caused by excessive hot-spot temperatures. In the first stage, the top-oil and winding hot-
spot temperatures were experimentally measured. The obtained results showed good
agreement with the proposed mathematical model. In the second stage, transformer load
cycles under overloading conditions were simulated, with the fundamental current ranging
from 110% to 150% of the rated current. Ambient temperature data from Kanchanaburi
Province, recorded by Meteorological Department Station No. 450201, were employed in
the simulation. The results indicate that at 150% overloading, both the top-oil and hot-spot
temperatures exceeded the permissible limits, leading to a reduction in transformer lifetime
to only 0.72 years. These findings highlight the significant influence of harmonic distortion
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on transformer thermal aging and provide useful insights for preventing insulation failure
and improving long-term power system reliability and planning.

Keywords : Lifetime of Transformer , Harmonic, Oil-immersed transformer, Hottest-spot

1. Ui
o { g A

Jagriumsgma ldihidunuy idugadu s
a o A 2 '
fmsverednnuuniu iy vaea lwihuuunasa
LED 1309315 91/529300ud Wi gulnsaldninau
.Y = A o 9gYa o ¢
Wudu wansznuiammnaeh iinadyauesue

] Y

inluszuy Idihmduiuanniiuay gawarilding

anudovwiugunsal luszun lWihdds wuns

o
@

a a Jd o 9 a a v &
nas lguuunii vinansseidavesdnnuils )

=

T alF lumsuddidseneumaall] anudou
v i1
HavunUaT0a9ns 1A 1w nieulaa T

av

[2].13] wornes IWih[4] Huq 1nauises] 14

A X o

managounansznuluGeannuouiiiuausy
itoannnmsldnse i lidudadunun 3
wla nl6l71 18 asugdununise iy
nunit i Fadunun 1 la $1u9 3 g Tase
qungifinaden %M ganiiLs] aumgsuiiionn
Aamigallihiigade swilesnnnnszua
Inaruiivaaiaiisiminndi(Tasauisols) was
(6107118 vdoulaa T ufudaideadu)
Tasmsnaaeuimualdnszualdihaduyagiv
(Ihl)maqmﬁﬂﬂﬁauﬁ’q 2 nuviandsguianniny
nszuannanonlad(15.24) magnin ldanl3ina
nsznamsueiinuazanudeuveaniss Il

a 1

[~ a Y o
Tidlwdudunuy 1la $1uau 39a Targanad
@ A dy =) ' 4
dunaouiloannninmse oyt linguens
yotiinszian 2k=1 su'ldunnszuaars ueiindidu
1BvA (3,5,7,9, 11....) Nlvurags deawari1liing
masIdhgdeivaataiiansuimun uanise

T lidheFadunuus wla wlinguansuein

79

Uszinn 6k+1 ldun ar3uetinaduavd 5,7, 11, 13,
v v Y Y v
17, 19... manuSeunmiuiuiivz i ldinav%e g
a A 2 1 o Y a 9
gadomuiuay danaildinaeignis1dauves
Y
nieulasduas[syo] na1uIvels] 18vin1s
asamsmanvesndendadluanzinuinaly
¥291927 8.001U— 18.001 FuTurr19n1n15 14 vt
¥1AnNFIanany Tasiimualinise Tl i
3 a 9 a o
Wwssauuuu3 g (Th1=150%v09NAA Irms =
167.88%) naansn 1ao1gn1s 151uveaniioutla
A ~ aa A
anauran 9577 (Tasdndalin1sidsudalsny
as {0 3 '
s35u91@N 201[8]) gafirauledeain(el[7] iuua
v v v
msnadeuuazmuINinszuayagIunAnamNIY
Tiensonamevluaniizipuiialugiaszey
T H Y
nauld aungduiiesnnudenienazimaduny
9 v 2 o 7o Ao
niloulas MemgliniisiassaniunssiaeIuife
d’l <3| Aa o Y 1 a
Hazitluneeenna vldnswaguugiiaie uaz
p1guosndouas UszTewid lasui ¥anso
nan@eaaNudeetazselun13wHuns 19
wasnu Iiharamh 1 dedratiadesnin aasu Tu
2 1l
MsverenslendanuvsaudazivanyNYeINg
v Y Y
T a1 lFsornuas nWauIvu ez 1uso

v a

aadulaldudondlasniiogiauudriniisaneny
szl szan T

wganesuludoanunvinamad ludun'ls

a Y

wruduldnsely 611y

vy
aana v

2. NYHANNEIVDY

2.1 918V NUIY
a S v o
qmwgmmmmwmﬂummwu@mqmamuau

' Y
ﬂuﬁm@ﬁumuﬁnmuqmm VBDINUIU

U

ANYDIQUH

Vo A 9

' Yo
veliarhiminu vSnugadeugarz ldsunaw



UNANNIRE

3

v

AUUNTT

Y

AT0UFA 310[10]-

a

@ OUTNINNINANVTNIUDUY

VOINUIUILNITVUIQUHYIN

=
ANY191Y

9

[2lensafmuraergldnuvesnieulasisaunis

A1) vazauMsne)

i 1 1
Life = — =
Total Loss of Life ( B]
t=n | A+-|T
> 10 t
t=1
(1)
iife
T, = @273 2)

a v ¥ o
O, oguvgiigaiougegavesdnil, °c

) ]

A 1

A, BAemasi Taelin1a1eg aea1s1ed 1[10}-[12]

] A P ) '
@]151\3% 1 AT TNNBTA LIaE B Gllﬂ\jﬁilﬂuﬂﬁ\nlﬂﬂllsﬁ

U MUNATFIMANSIIEEE [10]-[12]

vinangdoulag qunpiiumds] A B
19999099, ° C

nifoulasuuiasoo kva 65 -11.269 | 6328.8
azdn

55 -11.968 | 6328.8
nifouasvinainnnh 65 -30.834 | 16054.0
500 KVA — 100 MVA

55 -32.543 | 16054.0
nifouasivinaunnn 65 -13.391 | 6972.15
100 MVA

4

2.2 qaunigindiondavitelnan g adunaz
a v

QutigiiIndeN

911n[13] I8munmgungivesnifeulasuny

1o w

V¥ . A o 4
UFNITUFTAONAN Aaaumsn(3) uazaimaa v

[ e
a199 Mmaevuludimdoudaq tu ardrda T

] '
= v A

’dflll?’fﬂ‘ﬂElJﬂﬁ’mBMLMGQNWﬂWﬂﬂWizuﬁUlWﬁ’Ju NG

u o

a A 3 A v & o
galagnunuLian aue 14910 [13]-[17] e ang

LV

FAuMIN(4) DaaunIne)

80

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

NANIZANA
0.8
Pt
®ou :®or )
TR

(©)

PTR = PcurR *PcoreR *Ptan kR “)

ad 2o
Aogamglmuniniud oy

€

fnalvan, °C

=h.

aveulaa,w

Peur

A o o = 2 Aao 9
P DN Q’cTEUL’cTEJLmumaﬂ‘ﬂWﬂﬂﬁuauﬂm,W
coreR v

A o o a Ao 9 Aao 9
Pankr ADNIAIFYLTYN veudasinnandeuntas

i Py asandmse oo bidusaduasi
ann asainmse ihdluuousady Faasm

1&anaumsn(s)
PT = PLL(total) *+PcoreR *PtankR ®)
iife nay fandesnn 10
PeoreR " Pankr PLL(total)
v
ansaazaeld daiu
h=max
()

PLL(totaI) = Z(I h )Z'Rh
h=1

A o w ~ -
PLL(totaI) ﬂammgﬂgmammmyﬂwaﬂ, W

A a a 4 Aa o w
| h ﬂﬂﬂiguﬁ"lV\IﬂWﬂigﬁWﬁWaellﬂ\imﬁllﬂuﬂ'GWﬂ‘]J h A
A v A
R h ADANUATUNIUNIITUDUNAIAU h, Q

1az1n [10] NANIZHING

—t

— 7
Ot =i +(Ogy Oy )| 1-e



UNANNIRE

'
A

Qi AogUHYINGY

a

o Y

Y
Muniniuau, °c

2 a4 2 oy d'
00t AEQuMgIINvBINUAIULI Tnanlas Tu
an1z3Ing, ° C

A a ¥ Y o &
T ApAIANANNTBUVDNNNUAIAI, 32139

A ' 9 )
t AN Iae Ivanvearvonilas, ¥ 1ug

n[5], [7]
p 0.8
[(l rms)2 Rdc]+ {Pecw_ H X (Pe(:NMRﬂ
Oqu = ‘ 1 - 0
& K' rms_R )2 Rdc J*’ Pecw _H ¥
®)

@guﬁaqmwgﬁrﬁuqaﬁ’mmawﬂ%’auqaﬁumﬁaﬁwﬁ
1 a ?,’ v Y A o)
wmnnNgurgivesiniuduuunng Tvaa,°C

Irms fonszua liihilszansna, A

IR AOnTzua Tlinlszandraniidamiomlas, A
Ry Aoanudumunszudnss, Q
Py g NOMAIgRpFuiiosnInnszue lvaIui

]
AAao

VANIANNNA, W
A o o a A dl
PECW H ﬂfJﬂ']fNqﬂ]u!?fﬂluﬂﬁsﬂ']ﬂﬂﬁgu?f‘lﬂaguﬂﬂqﬂ

fouga, W

©)

2
Peow = PLL(total) = (ms)* Rac —PosL

A A A A
ngu!ﬁﬂﬂﬁﬂﬂf’)ﬂf’)u f HBNIUUBIIN

2
Pecw = PLL(totaI)_(lrms) Rac (10)

81

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

Peqy AoMatgapduiioannnszue lvaiun

YAaIn, W

a

Wesawaumsn(7) nuaumsn(s) vz 1dguugi

gy

v

yvesgadeugauazquu)igasougaveaniio

a q

R o 4
mJmzmmmumuumﬂﬁ'manmﬁn(11) uae

aumsi(12) Feemudrny

Ohrise =Opt +Ogy an

Oh = Opyrise + 03 (12)

A ad Ay ¥ o O
ﬂﬂqmﬁgllLWJJW@WE]HQ‘Q@G]‘U@WHHL C

a ) 7w ¢ ¥ o
0 . Qmﬁi;lll!nﬂaE]lJLLU'iJﬂQﬂ“BUG]ﬂEJUﬁEN"]fH, C

A Y v o
BUNHULUIAADNITDU WN@L!ﬂﬁQﬁWﬁﬂUﬂWq‘Uﬂﬂ

9/ Y ' a Y
noulag ﬁ]']ﬂ[18]llﬂllﬂ']51/i']ﬂ'lﬁgm1/i§q]ulnﬂaE]llLL‘]J‘]J
P

7w P £ . . o
WanFus e g0 u (Double sinusoidal, O a) ANFUNIT

#a3)

0,= Gay +A.cos|:2—n(day'Dx)j| +B.cosl:2—n(hour-Tx):|

365 24
(13)

A a Y] A 1 &0
eay ﬂﬂqmﬁgu!nﬂa@ulﬂaﬂﬂ@ﬂ C

A a A o A ' A
A Arvaganginlasuuilasilszanlvesnnas
gangilszdiu °c

B Avvwagamgin)asunilaslszsiiu,°c

]
A

o Ay °
Dx Apiundouigailsz il

< ay o w
Tx ﬁaﬂsﬂumsautjﬂﬂszmau(ﬂszmmnm 14.00 14.)

a

day Ao uideemsuannaguugl

U

a4 Ay a
hour A9 GB'JIMQVIG]ENﬂﬁLLﬁﬂQWﬁE]ﬂ!ﬂQiJ

a



UNANNIRE

3. mynawumsg,s liihvdeuas

o w

3.1 MsnageurIAIMasgay

U o

= v =
fuvesridouasvael

a A d a1
Iﬁﬁﬂﬂﬂ?1uﬂﬂ153~lﬂuﬂﬂ1ﬂ 9

v
Ay AA a

Fetiiauyagiulusesvesgungiiga

a8 a

Tuau )
fougalamlsaumaslilihgadeivaaliady

4 s A ' o v o
Lﬁmmmnﬂsmﬁ'lwmummawsuaummazm@m 12N

' ]
1a A

= o & £ S A '
quN1ING) uagansndudoansiunasaIny

v ~ A =

aumuvaadainanud llihuanaany adimeun
1InN1stAalsIng sl NAI@T(Skin effect) 910
QuAes117] Tanaaeumaminud NI 13993

dl A ¢ a Ay v
auuammmaaﬁuauﬂmm(R )“I/'Illﬂﬂ'lﬂﬂ"li
* eq(ac)

NAADUAIAITIN 3

a wa g 1 3 o Aqu
ANTNN 2 ﬂmauuwwmuﬂamumwumuﬂ“l%maa‘u

Maximum VA = 10 kVA Frequency = 50 Hz
High Volt = 380 V Low Volt = 220V
Load Loss = 350 W NoLoadLoss = 77 W
Total Loss = 427 W Vector Dynl1

Rdc =1.457 Q/phase Type ONAN Class A
®0r =31°C grvax= 13.5 T =3 hours H =11

{ 9
GﬂiNﬁ 3 WaNINAa|UNI Req(ac)‘llﬂﬂﬂllﬂllﬂﬁﬂlmﬂ

uiniun ldnaaeu[s)[7]

MAue1sueiin (h) Req(ac) “phese
1 (50 Hz) 1.526
3 (150 Hz) 1.537
5 (250 Hz) 1.553
7 (350 Hz) 1.574
9 (450 Hz) 1.617
11 (550 Hz) 1.726
13 (650 Hz) 1.825
15 (750 Hz) 1.969
17 (850 Hz) 2.182
19 (950 Hz) 2.380

82

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

3.2 minagevgungindeulas iiieTnanliidinds
@y 1 wla
o 9 1 Aa s A = a

luidedooiiligailszasdieanymganssulu
4 s a ada X
iFeevofSununszuaariveiin uazguvginna iy

v

a YInuaIUa1e veanteudas 1dlin1sAnaada
mos Tudm)damudmuaaiag lundendas 1dun

Fl
a a o

fagung 3 e 5IUDIVT I

U

vaadallguginazy

2 o 9 o A ' v o
HIWUMMUDU ﬂ\jgﬂ‘ﬂ 1 ﬂ’]ﬁﬂ@]\iﬂiﬁu@uﬂa\iﬂﬂﬂ'ﬁg

@

TidhuFadudagiii 2

$ - o 5
| a ¥ o oo o5 oo A o A
310 1 msdaawiriames Tumlitla o Tagaivigil

v R
AU UINN maiuwﬁ’auﬂaummwumu

380v/220V
10KVA

Heater

iE

317 2 2smsnaaeuguvgivifeuilas Taeld

Heater

| Variac 3-Phase 0-440V |

Heater

Traauuy liidudaduiia 1 wla S0 3 9

Awewsauuaznszua llihmavaadanaegi

a

@

{ v o { v s a
ninlduaasdagili 3 aulnafinszuaearsuetinnia

o W

yonnde 2kel 1dun 3,5,7

o]
-
ol



UNANNIRE

- & - & = Ao
nauUedNdTaNn FnszumvaIdzmiieih

dusldsdsvaarnlyugil vazlvaruluvaainiine

o v W

uuDadIaegln 5 naziiletadyimerineiin

]
P!

nanIaegli 6

Tasdunaiiuldntlsmanszua

'
2 o o

yotnavAanun
q

Y
KX A

3,5, 7 mavuidInage Tums

@

Mulummmaigydenvaadn azsihnszue i

Y
Tvarueglugiimadunariildgunuainaiwy

o 1 o w

H 4
UVDIAIT NN 3 INUUUIATINIAN

eq(ac)
a ' ' Y ' A I Y
guasveuaazANTINAY augdn 7 Wumsia

o = 1Y

’Ggf/t‘lluq‘ﬂmuﬁ\iﬂu’cﬂfm\iﬁWH!LﬂZﬂi%!LﬁﬁWHﬁﬂT’N}ﬂ’cﬂﬂ

aumu g

voeratlgug

i gt s Humsiaarsuediniiogils
Ugugd Fedanaiuldn aannfidinmeue
findrduit 5 uazit 7mniu udeziasueiingrdui
3 $1uuies mmmﬂumﬁwaﬁmﬁnﬁwﬁ'nﬁ 3
Tnarulugihaaddulgugil li'lvadeuean'lal

ganIaNIguen

-5mS:

Vrms = 117.68 V

Irms = 36.44 A

Current(Amyp)
o

-
o 2 4 B 8 10 12
Harmonic Order

20

‘]Jﬁ 4 ﬁLﬂﬂﬁiWﬂi“’uﬁﬂﬂlﬁa’JﬁﬂﬁﬂN 1A %AININ

wmwauﬂszuﬁ (%THDi ) =86%

83

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

5mS

Irms =11.85 A

a

g0 5 nszuelad lnarueg Tugihaadwaaimlgugi

u

10,

Current(Amp)
=N W s 0o N o ©

n

6 8

=
N
~

10 12 14 16 18 20

Harmonic Order
U7 6 anlanfinse umwﬁﬂluaﬂmammﬂmﬂﬂﬁu

Lmzm%mmwmwauﬂima (%THDi ) =86%

Vrms =380 V

Irms =17.16 A

]

Current{Amp)

o

o L __l_____ -
E] 12

Harmonic Order

T4 6 20

jin 8 ﬁnJﬂmmﬁwua"lammmﬂﬂﬁmu HazA%

AnuAafoun A (%THD; ) = 44%



uneNIeE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

A Y a < A A '
winlnannuuuladuleinsNaukunisae 60

9 Y ' a A o = % i
Mszuvantloutlaan ATQUNHUAT NNMUIISY jg

' Y a2 o 1A a 5 a =2 Y Y = 40 /
mlndiRssnumnnavuese 3 lduminaaeunile g /
A ] v g A ¥ Aa P A S 30
wilas e lFarszunu il wFuduniasueiia £ I T
5 25 -@-Top oil rise (Calculated)
s &
2

20 fomme B,
-©-Top oil rise (Practical)

o w

d10u 2k=1 Taafuali 1,=9.15 AU521101100%

15
10

yeaninaniiouaq) I4szeznar 8.5 52 1us 91nma 5
' 0
MInaaeUgUUYNNAILMIIAIE vosnifeulase oot ‘Ehom) s T

1]
a

= < YA Y 9
3ﬂ1/l9 mu‘lmmu nmﬂmmﬂmuuumawmuﬂm

= a a A 3 o v
'iﬂ‘]/l 10 ﬂ'IiL‘LEEJ‘]JL‘VIEJ‘LIQmWQSJLWZJﬂJENu'IZJHQWUUH

Ll

< A a = o ' I A o
ﬂugwumqquuqaqw %Qﬂﬂﬂﬁﬂa??iﬂuﬂﬂﬂ‘ﬂ?

o—

NNMINATDULALMITIIUY

¥ a A A AR
Gl‘mﬂﬂmmmﬂuﬁmwmamuaumnmjﬂ mﬂuullﬂ

. -7 . -
Winguugiiniuduuunazguugigaiouga ™
. s . e ¥ ¢
a1 lulFsudsuduainldanmsmuiaueag = ,4;&’/'
o ~ A a o o < vlyn o o & 50 /5//3
93U% 10 uazs U1 Sesauaiau wiv lanaans s
U U 5 a0 - Hottest-spot rise (Calculated) |__ |
sy v o o a Y < g s o & Hottest-spot rise (Practical) | |
nldnsannmsmura(gUnio dAreaumsin) g Bty > ]
d' Y d' s Y A 1% iz /,V
Al Areaum s uaznaaeuinlnaifeany > ’f
= J AA g - 1 a3 a 1o
sawddalargeninsainiunisen lidudadu : /
d'd ' 7 A o 1 2 3 4 5 [ T k-3
uuu3 e ANnguasuelnilszinn 6K:l vo9 Time (honr)

~o A v d'ﬂ v 2 s A o w A A ~ a d %
AuITe[s1 9ndde uuiimsizasueindduil - q1li 11 maneuieugangiimugadeugaves
3,5, 75A1geana11szian ekel e ldardds YAAIANNAINATOUUAZAITIUY

a A = FY
gudenvaadaiisminalide
3.3 manamumsnelvaa I Wihrdeulas

Y F]
@

3.3.1 mavinnegamgiiniadouveuvaiunnaans

75

7 oy wiemlag

65

k’e/e"" v o o AA o

» P = | Tatsdaginerdesnueignisldauveande
5 el = il v
o 50 = % A o @
< A sl wlasTWdenise T uazdndauilsnilaidhdny
= / W ' Pl
g /ﬂ ul-q ] o IA a Y v ¥ o ﬂ
e Y NgardounNNUNAguuglnIadon aiuTuilu
=30 & TF ~o-Top L.V, widing of phaseA L4 dy . - ” , v
-4 = TopLV winding ofpraseC [~ 081989 NdeaneInIalaaniuIndeualniinasa
20 i -=-Top HV. widing of phaseA [~ 1 Y s

15 s<Bottom H.V_widing of phaseB |- % 4 o o

wlE v Ll wikad) dieduedeyaiiliaumunis 1dndsau

5 / 9 dy )

0 Trhveandouasluvaiiuiiug aasaszezna

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85

Time (hour) o 2 a

& Ay Y 1w a A vy
y - wuaﬂmwuu%uﬂu J1UIY Laaﬂi%mayaqmwgu

31U 9 mamsnadeugungimin(degungivie Y 2 4 a
P o 4 1IAABNVDIYANUN 3.MYIUYS[19] FUAUTOYA
ulasiia ldaudrsgamgiinindon)igaais 9 ves

a ~

. Tagnsugailonangl d011450201 Tudlw.a.2562-
9 A E2 1 a3 a Y aa
nloutamado e ldlnaa luflwsudu . .4 D wwe y
2566 1w uRasveAaziAon IaA1AINIT19N4

'
=

Y oo A P Y o E
ﬂ’]ﬂuuu’lﬂ’llﬁa’luﬂﬂulﬂ]’]Iﬂi!!ﬂiNﬂllﬂW@lu'léUu

84



uneNIeE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

tilodawniA1 9, . A, B, Dx taz Tx gaield  Guaufmguaiauvedd w.a.2s67 dritldnnms

f A f [ L B o a =3 =
i umsinemganginadenlugaaden  WenuAwTwmanedsgilini2 degili 14

4 v A y X g Adyy g 9 A a ~ ~
AT WN4 mﬂgﬂqmﬂaulljﬂﬁﬂu!ﬂﬂQﬁuﬂIlﬂﬂ’]ﬂﬂ’]ilﬂﬂﬂlﬂyaﬂlﬂ@ﬂiuqﬂuﬂu'}‘ﬂEn .NIYIUYT A9D11450201

W.A.2562-2566

wa. | o | e | we | wa. | He. | nea | @A | ne. | aA. | we. | 5.

Average Mean maximum 3332 | 3496 372 379 36.84 | 3548 348 342 33.62 | 3248 325 32.06

(0 adm Average)

Average Mean minimum 20.02 | 21.58 | 23.36 | 24.32 243 24.12 244 2424 | 2386 | 2292 | 2194 | 20.06

( 0,40 Average)

d' S = VAo ad o v A o A a o '
vingUn 12 Wuwamsnewiievanialduas  quuginialdnuiinnelialndifesiuann @wn

miminnevesgumgiiadey Tasmgamgiiadey  n13ia 31.80°C Mmnmaime 3130°0) el
masaasall ldnnmsiatia 29.56°C aladiResty  ulaldmsle luaanadiamansveanisviiuieg

v
adoutuUniaeIry ansori llvine

j=3)}

o { U { I o
Mstuen 28.77°C arugiin 13 Wumamsiing  guug
Frudountiguugigevest muldhdiudew  guugiiniuduuunazgungiyaieugavesvile
' 1 { ]
aeudangumauiagegaveddl daugiiadu  uladl

LY

mMsieguugiiniadonaasa 242109 Aundo

Temperature{C)
(=]
=]

1450 917 1375 1833 2201 2749 3207 3665 4123 4581 5039 5407 5055 6413 6871 7328 7787 8245 8703

Time(hour)

A a v ' o =
g‘ﬂ'ﬂ 12 amﬂﬂmnﬂaammumzGﬁﬂmmaﬂﬂ W.¢. 2567

a gy

o

(6,,=28.77 °C, A=2.525, B=6.92, Dx=144, Tx=14.00)

85



UNANNIRE

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

42
39
a6 I | 1l 1] “I “I
5 I
30
)
027
2 S
3 21
5_
2. 18
B 15
12
9
6
3
0
1 104 207 310 413 516 619 722 825 928 10311134123713401443154616491752 18551958 20612164
Time(hour)
A a v A =~ A Ay ~
§ﬂﬂ 13 QUWQUUINADNIADY U.A.- W.A. 2567 (maumaumnmmﬂ)
" Maximum Ambient Temperature(Predict) = 38.22 C
4 1
0 Bverage Ambient Temperature(Measure) =318 C
a6
32
528 / / -\\ .
T - -
EM Average Ambient Temp{Prediet) = J1.300C
5‘20
8. g Minimum Ambient Temperature Predict) = 2438 C
&
v 4 -
4
4
C' T T T T T T T T T T T T T T T T T T
1T 2 3 4 5 6 7 & 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Time(hour)
{ a v o A .
31U 14 gangiinIndenveaiui 24 w.a. 2567

3.3.2 myinegamgivienlasluanzaszinu

@

2

=)

Tumal§iianise Tlihvesndontlases luneh
Y Y 1 U 7
aaoana24 51 1us Taedauningaanainalaiuee

(R A = 2 ° 9
UINNNFINIATNANAY GluﬂimﬂﬂHTLlilgﬁnﬂE]\ile

86

791781 08.00-18.00 1. 1Hlugreniinszua lnliaduy

o

Al

YagIU(hD)Ga150% voanaaagiln 15 (Fadinn

v @

IMAUALIUIVY[S] A Thi= 150%, Irms= 162%) Uf

Ao A ) V3 a9 o
amadeiiilumse ludheFaduouy 1 wla w3



UNANNIRE

' aw v A g '
Yo UAITUIVY[5] LW]ﬂ@lNﬂuﬂiﬂﬂ!ﬂuLLUUﬂﬁzllll

I a 13
WuFadunuy 3 mld w1 ga

FAN1 azyIIai 3

(pri/phase)=11.85 A 1l52 nOUMIY

rms

1,=9.15 A(lszanm100%vesiinanseuilaq)

1,,6.5 A, 1,,=3.65 A, 1, =1.0 A, I,,=0.2 A, I, =0.22 A,

h11

1,,=0.1 A, 1, =0.15 A, I, ,=0.1A, I,,,=0.1 A

32917011 2
(pri/phase)=17.78 A 1l52 AU

rms

1, =13.725 A5z 150%v0aninaniiontlaq)

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

A
160 +— Ih1=150%
140 4
120 +
100 1h1=100% 1h1=100%
o
S 80+
X 601
a0 4
20 1+
] ] ] ] ] ] ] ] ] ] ] | -
T T T T T T T T T T T L
0O 2 4 6 8 10 12 14 16 18 20 22 24
Time(hour)
317 15 Aans Tnasvesntfoutlasluudaz u

ANYUN

)

nngUiiie il phyadeugalaely

D.

a v = S A
Qm‘HQN!L’J@]ﬁﬂﬂ!ﬂﬁﬂuu‘ﬂﬁﬂﬂﬁﬂﬂﬂ uaIgIgan

=~

165.25°C uazliaunuiasina(140°c) lusianal

4 = a
1,79.75 A, 1,=5.475 A, 1,=1.5 A, 1,;=03 A, 1,,,=0.33  09.30-18.30 u. nazgmugiviniuduuuiinguugi
A1y =015 AL 1,=0.225 A, 1,,,70.15A, 1,,=0.15 A gagai 119.93°C uazlinunuiaiina(105°c) Tuyia
1391 11.00-19.00 .
180.00
170.00
160.00 0004
150.00 !‘)’ \\
140.00 ¥ ke
130.00 / .~
~ 120,00 7 — e
© 110,00
gmooo-%‘ﬁ*ﬁ’a*******k’:z:q
g 9000 2 \M
g 80.00 g
g 7000 S6—e-o6-5
= gggg —e—Hot-spot of transformer at vary ambient temperature
4():()0 —e—Top oil of transformer at vary ambient temperature
30.00 —>—Limit value of hot spot
20.00 o _
10.00 —— Limit value of oil
00+
12345 6 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24
Time(hour)
; ~7 . - ;
310 16 S suiougamgiiiniud ez yad ougandoutlas nsdiguuglinadenn/asunlamanai
= < ' a v ] a? o 9 A
nng7ifuaiguygigadougalasld 1981 10.00-18301. nazguugiuuA M UUTA
a ) a A = o . A A O . R A1 A A o o o
guuglundeumasnInaasall 28.77°C UAgaga  guniigagan 112.70°C ¥alAunuIasIna(105°C)
1 158.00°C Falauduvas1na140°0)[1811usae  [181Tus291981 12.00-18.45 1.

87



UNANNIRE

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

170
160 oo e %
150 *
140----.--.-.-/-/4‘!‘!‘!«—!5?‘!‘!«—1-
130
120 LN
5 110 / oo e, __
Q i PR .~ 2 -
5 100 _ﬁ=0=0-_6__._._€ o=l 2%
g % /‘3//9/“ \@\U‘%ﬁo
5 80 Te=o—gpm
g 70
s ) i —
= :g ——Hot-spot of transformer at fix ambient temperature(28.77 C)
40 4 —&—Top oil of transformer at fix ambient temperature(28.77 C)
30 +—— —*—Limit value of oil
20 1 —&— Limit value of hot spot
10

OIIIIII
1 2 3 4 5 6

L L L L L L T T
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time(hour)

A =~ a3 Y 9 i) a Y a =
qﬁjl]ﬂ 17 uﬁfmmEJ‘UQmﬁguumumuuuuamﬁiauaﬂwuauﬂm ﬂimammmnﬂaamaaﬂmaﬂﬂ(z&ﬂ °C)

o Y

C) a

{ { = o
vingd7 18 Bzt 19 WunsdaewfFeviion

a? o g a

mguugiiiumuuuiazguvgiyadeuga lasly

a 9 A s A @ aA E
gamgiuadeun)asunilasnasatlinesununsainly

e

a Y = = = °
Qmﬁaﬂ!nﬂﬁ@ﬂlﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬂ 1NNITINDIVDY

a v a = ' ]
LlagiulﬂaqmwQN!L'Jﬂaﬂulﬂaﬂﬂﬁ@ﬂﬂ Llﬂﬂ'ﬁi"]f

S

A Y] = ~
gangiiadeun)asuui/ainasallnyraal 11.00-

A ' P a v =
18.004 %Mmmﬂﬂﬂmﬂ%qmwnmnﬁa’ﬂmmw

U

= =2 o 9 1
aavallnedunls 1 IHNIIVIINITNWRUNIT

€

Y

2 o 9

A 2 & o
UN 24 W.1.2567 FUIUIUN

1
a < R a
(1&nnTwaandiamand) miuldineaiguugi

= Ay

d’ =
wnniounNgavedl

a

venasau lidinasnezih lueanuuquugil

nedeun/asunlasaasail I ldaumnnnn

A1 a

9
UINUMUUVULUASIATOUTANAUNUNNADY NN N

Y

nsdinlF Tuaaguugiiniadeunlasunlasnasail

Temperature( C)

130

120

110

PESEee-N

100

G maan o

90

-

&0

70

tt‘é:ﬁ:ﬁ:@-oj

60

50

—8— Top oil of transformer at vary ambient temperature

40
30

——Top oil of transformer at fix ambient temperature(28.77 C)

20

10

—— Limit value of oil

3 4 5 6 7 8 9

T
10 11 12 13 14

T
15 16 17

I
21 22 23 24

I
18 19 20

Time(hour)

51U 1

<

o Y &

= a %‘ a Y nd' nd' =
8 nﬁfmmauqmwgnumumuuumaqmwgmnﬂaamaaﬂuazgﬂaﬂuuﬂmmmﬂ

88



uneNIeE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

180.00
170.00

160.00 = o
120.00 ,!/"Wbﬂ\

140.00 %@/j \\

130.00 7

)

>
=
o
=]

(=)

[

=
P

o

(=]

o

(=1
'

80.00
80.00
70.00
60.00 —e—Hot-spot of transformer at vary ambient temperature
50.00
4000 —o—Hot-spot of transformer at fix ambient temperature(28.77 C)

30.00 o
20.00 —»—Limit value of hot spot

10.00
0.00

Temperature( C

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time(hour)

317 19 neuiisugadouganiiontlas iloguugliadoumndenazn)asunlasnaoadl

o

110307 20 feg1ii 21 Sraeanssiemsz il Fedinalumsdszidiuveslumanadiamanse

A

A o = ] Y1 oA Vo ' ] ] Aa A P
NA11hl ¥A1 110% D3 150% mu‘lmmm Ih1 tmny Na1INog %316]51,171‘1/\”3WN@LLﬂaQWﬂJWWﬁWJJ!W@iWW?J

o

' a3 Y v ao X ! Ao o
140% wag 150% AYUHHUUINUATUDULA $ATDU U uaﬂ%’immmﬁuﬁmmamﬂﬁu fi

a

o w '

FANMINNNANBINNINANAIAY 1aZAI1VDIDY

' ' Y
nifoudasizanauioquugiiypaiougariiuiuds Life time(year) = -0.075(%Ih1)’ +2.06(%Ih1)" -

A13197 5 Witk T 150% ergnisTdaundendas |, essoin) 132018 (13)

v 1 v
Tluwmasua 0.72 Tmniu Fag1a9nauise[s] f

Wumse ludlwFadunuy 3 wla Ja1 9.6 wazgi 5 a 9 v 4
¢ : “d A13199 5 WlSsumesneigms Isauvesrioulaman

]
A

a = a 4 )
22 fluTwaanendiamaaserguosmlontasit o 1007 150% g 113391981 08.00 1. 13 18.00 1.

1danmssiaeslasld ngunisonnesmaiaes Th1(A3gHAYagIY)

o El‘ﬁlf,jﬂ(Least Square Regression) %297 Thi fia 110% | 120% | 130% | 140% | 150%
110% 949 150% (ATh1 FAwInnnnanlenilaq) pgldau 20 1104 1 458 1 1.85 ) 072
oo ind 2Kkl Wnnduay  (Life time). T

! Y
mwaiﬁ'mwmmmmﬁauamwmammummﬁﬁu

gameri legveandouilatanas daaunmsn(is)

6] a

89



UNANNIRE

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

Temperature( C)

130

120

110

100

90

80

70
60

50
40

—-Topoil at Thl 150% —o—Topoil at Thl 140%

30

—¢Top oil at Thl 130% —&—Top oil at Thl 120%

20

10

—#—Top oil at Thl 110% ——Limit value of oil

1

2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

Time(hour)

o Y 9

ci a a3 & a v dl dl ~
31]1/] 20 uﬁfmmﬂuqmwguumumuuuwuauﬂm maqmwguu’maaumaﬂuazsﬂaﬂuuﬂamaaﬂﬂ

Termperature( C)

180.00
170.00
160.00
150.00
140.00
130.00
120.00
110.00
100.00

90.00

80.00

70.00

650.00

—8—Hot-spot at [hl 150% —&—Hot-spot at Thl 140%

50.00

—<—Hot-spot at Ihl 130%  —&—Hot-spot at Thl 120%

40.00
30.00

20.00

—#—Hot-spot at Th1 110% —e—Limit value of hot spot

10.00

0.00

T T
12 3

T T
4 5 6 7 8

T T T T T T T T T T T T T T T T 1
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time(hour)

317 21 nSeuiisugadouganiiontlas ioguuginadoundouaznlasunlasnaoadl

90



UNANNIRE

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

25

= [
(%] =
)

Life time(Year)

meme Math model of Life time(year) = -0.075(%lh1)* + 2.06(%Ih1)? - 14.855(%lh1) + 32.918

R?=0.9994

110 120

130

Ih1(%)

150

ci v o & ' v 9 o
31]1/] 22 ﬂ’J'lllﬁlJ'W‘L!ﬁi3143']\16']54ﬂﬁi‘]f\ﬂ“"llﬁ]\ﬂ’iilﬁ]!!ﬂﬁ\iﬂﬂﬂ1 %Ih1

4. agilwamside

J a o Y 9y
waﬂiwmmmmaumzwﬂwmqmﬂmm
v '
ﬂlﬂ\i‘ﬂfl}ﬂ!!ﬂﬁ\iﬁuﬁﬂ waﬁuaunﬁmu 2k+1 95U

Usumerfuoiinuag o THD, MInnd1a15uoiln

o w

o w ' o q Y1 a A
19y 6k+1[5] ﬁx‘lNﬁﬂﬂﬁﬂWﬂWﬁﬂ’gmLﬁﬂﬂﬂlﬂﬁ’Jﬂ

A ~ k9 a P I
LanﬂWﬂﬂﬁgllﬁTﬂﬁauMﬂWqﬂ"’Uu Llﬁgﬂﬂﬂﬂﬂﬂwuﬂﬂf)

a Y

nauIfag

g

o g9¥29na1atuluggiounl

.

19

A @ '

quuigiiazlimge nsainganmdananiinms lenise
9/

voentioulaunuiinavzilinigadougave anile

¥
=

' ' Y 9 s
utlauwnuyuog19un ﬁ\iWﬁL%ﬂﬂﬂ’ﬂWQﬂTﬂ“}f\ﬂu‘HMﬂ

D-

vy
=

naenduas uuanianisud lvasdSuilasu
a Y o Y Y ' A
wgAnssums ldnasau lvanlsluraanainaau
A o N Y A o v 9 o
(rsanannsamld) vielimsszureanudeulinuy
9
witouasmitonasuuudaaalueias) dimluaa
a 4 E 9 = 1Y 1
neadlamanveolgms Isnundomlasiisunua
%Ihl (AIAUMIN(3) WIoa1T19N 5) a8 lumsng
' o 1] < Y1 A
uruMsNeNaInuveaeulas wiuldin %l =

110% 01gms ¥ aumieutlas ez dancegh 20

91

AR WAL %Ih1 = 150% 01gM3 1H9119zana0E1930
A 1 = U o 4 o U
maeud 0727 drugerinlin1ssiasiniisiy

v 3 v
wasu Trlfhwesnifeuasiimuanil vwwgielu
msinenguvgindonlasazgurgiiniadoy
{ g a 1 g
swiorgvosieulasnilunuuFadunas Ty
waduld aulvduntinansznunueigmslsan

[ 2 £ i v
nifoutlasialuaaden ldaznala) ldun usananan

Y
a 2 A a

) wa
Lﬂﬂ‘Uuﬂ1§‘ﬂMﬂ!!ﬂﬁ\1[21] HagAaauuanIANNInNg
3
= v

& 2 A Ag A A=
YUNURUIU[22] mmammmﬂuﬁawmﬁﬂm

ao'lluownnldidlued @

5. 19NA1501909
[1]M. M. Islam, D. Sutanto, and K. Muttaqi, “Protecting
PFC capacitors from overvoltage caused by
harmonics and system

resonance using high

temperature  superconducting reactors,” IEEE

Transactions on Applied Superconductivity, vol. 29,

no. 2, pp. 1-5, Mar. 2019.



UNANNIRE

[2] S. A. Saleh, E. W. Zundel, J. Cardenas, E. F. S. Hill,
J. Meng, and G. Y. Morris, “Effects of loading
levels on harmonic distortion in power transformers
due to GIC flows,” in 2023 IEEE Industry
Applications Society Annual Meeting (IAS), 29
Oct.—2 Nov. 2023, pp. 1-6.

[3]R. Tamang, B. Shrestha, A. Kashichhwa, R. Gautam,
et al., “Analysis of the effect of current harmonic
induced heating on transformer ageing,” in 4th
International Conference on Role of Energy on
Sustainable Social Development (RESSD), 2025,
pp. 1-6.

[4] S. Im, S. Park, J. Kim, J. Chin, K. Cha, and M. Lim,
“Temperature prediction of ultra-high-speed
SPMSM for FCEV air compressor considering
PWM current harmonics,” in 2021 IEEE Vehicle
Power and Propulsion Conference (VPPC), 25-28
Oct. 2021, pp. 1-6.

[5] S. Tadsuan, “Testing and Planning of Load of Oil-
Immersed Transformer under Non-linear Load
Condition in Bangkok and Surrounding Area,”
KMUTT Research and Development Journal, vol.
31, no. 2, pp. 335-355, Apr.—Jun. 2008. (in Thai)

[6] P. Sukserm and S. Tadsuan, “Comparison of testing
results of oil-immersed transformer under linear
load and non-linear load conditions,” SAU Journal
of Science & Technology, vol. 4, no. 1, Jan.—Jun.
2018, pp. 1-10. (in Thai)

[7]1S. Tadsuan and P. Sukserm, “Testing and prediction
of the temperature of oil-immersed transformer

under non-linear load condition with 1 phase

rectifier,” EAU Heritage Journal of Science and

92

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

Technology, vol. 12, no. 3, Sep.—Dec. 2018, pp. 1-10.
(in Thai)

[8] T. Chegsakul and T. Tayjasanant, “An impact of
harmonic currents, load levels and ambient
temperatures on transformer loss of life,” in 2019
2nd International Conference on Clean Energy and
Electrical Systems, 27-29 Jun. 2019, Nanjing,
China, pp. 1-6.

[9] A. Elmoudi, M. Lehtonen, and H. Nordman, “Effect
of harmonics on transformers loss of life,” in
Conference Record of the 2006 IEEE International
Symposium on Electrical Insulation, Toronto, ON,
Canada, 2006, pp. 1-6.

[10] ANSI/IEEE C57.91, IEEE Guide for Loading
Mineral-Oil-Immersed Overhead and Pad-Mounted
Distribution Transformers Rated 500 kVA and Less
with 65°C or 55°C Average Winding Rise, 1981.

[11] ANSI/IEEE C57.92, IEEE Guide for Loading
Mineral-Oil-Immersed Overhead and Pad-Mounted
Power Transformers, up to and including 100 MVA
with 65°C or 55°C Average Winding Rise, 1981.

[12] ANSI/IEEE C57.115, IEEE Guide for Loading
Mineral-Oil-Immersed Overhead and Pad-Mounted
Power Transformers Rated in Excess of 100 MVA
65°C Winding Rise, 1981.

[13] W. P. Linden, “An investigation of the thermal
performance of an oil-filled transformer winding,”
IEEE Transactions on Power Delivery, vol. 7, no. 3,
pp- 1347-1357, Jul. 1992.

[14] IEEE Std C57.110, IEEE Recommended Practice
for Establishing Transformer Capability When

Supplying Non-sinusoidal Load Currents, 1998.



UNANNIRE

[15] S. Kulshreshtha and D. K. Chaturvedi, “Effect of
generated harmonics on transformer losses due to
solar penetration,” International Research Journal
on Advanced Engineering and Management, vol. 2,
no. 6, pp. 1939-1945, Jun. 2024.

[16] M. H. Mohd Wazir, D. Mat Said, N. M. Sapari, M.
S. M. Yunus, and Z. I. M. Yassin, “An electro-
thermal modeling of distribution transformer for
hottest spot evaluation under photovoltaic-induced
harmonics,” International Journal of Renewable
Energy Development, vol. 14, no. 3, pp. 450-462,
May 2025.

[17] N. Miteva, L. Sima, and K. J. Dagan, “Power loss
calculation in oil-type distribution transformers
supplying nonlinear loads,” Electronics, vol. 14,
2500, pp. 1-16, 2025.

[18] IEC 354, Loading Guide for Oil-Immersed Power
Transformer, 1991.

[19] Thai Meteorological Department,
Agroclimatological Data, Kanchanaburi Province,
Station 450201, 2019-2024. [Online]. Available:
https://www.tmd.go.th/. [Accessed: June. 1, 2025].

[20] Z. Yuan, H. Wu, X. Jiang, and J. Zhao,
“Investigating aging characteristics of oil-
immersed power transformers’ insulation in
electrical-thermal-mechanical combined
conditions,” Energies, vol. 16, no. 19, p. 6865,
2023. [Online]. Available:
https://pmc.ncbi.nlm.nih.gov/articles/PMC1064774

7/ [Accessed: Oct. 31, 2025].

93

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

[21] G. Kumar, S. Nandini, A. Chandrasekaran, and A.
S. Rao, “Comprehensive assessment of transformer
oil after thermal aging,” Energies, vol. 18, no. 8, p.
1915, Apr. 2023. [Online]. Available:
https://www.mdpi.com/1996-1073/18/8/1915
[Accessed: Oct. 31, 2025].

aaa £

3335 Niaau
duFamsdnmszauFayann
(e, i) aantfumalulad

y_ Y
WITIDULINATNLITINUNHT

aranszie Tagiudisa
Fruruasesa1ansioisgdszsiarviden

Jeransgy vl

a

ddeiawle : quamhldidids anwdeuly
iwsessnanalilih msdszgndlddyandszang iy
iwseesnana T uazmsniunu Aamazieaty
iw3eedns llfdeszuudumesifiavesassn

A S o a
a9 (I0T) wagszuurhsueIms o

U o d
BUHNY AT HIITTNHU

5 3 = o a
dusamisfnuiszaufSayyrin

Oy, TidHuminedeede

“

11365z raImIaanssy T

p1atud Tagfud1sadiunig

addeiiaule : nFesinsna i gaanlidh

MAY 32UUAIVANEN TUA luMIAgAd NI


https://www.tmd.go.th/?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC10647747/?utm_source=chatgpt.com
https://pmc.ncbi.nlm.nih.gov/articles/PMC10647747/?utm_source=chatgpt.com
https://www.mdpi.com/1996-1073/18/8/1915?utm_source=chatgpt.com

UNANNIIE SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

The Study of Various Aspects of User Perception on the
Mobile Application of AloT-Based Air Quality
Monitoring and Prediction for PMas

Nuth Otanasap”, Pornpimol Bungkomkhun, Tanainan Tanantpapat,
Tida Jindamanee, and Natthawat Saengsupphaseth

Master of Management of Digital Technology Innovation Program,
Faculty of Business Administration, Southeast Asia University
19/1 Petchkasem Road, Nongkhangphlu, Nonghkaem, Bangkok 10160
Corresponding author: nuto@sau.ac.th

Received: 26 September 2025 / Revised 1t : 9 November 2025 / Revised 2" : 11 November 2025
Accepted:20 November 2025

Abstract: This research investigates the key factors that affect user satisfaction with
the “AloT-based Air Quality Monitoring System for Real-time PM2.5 Prediction in
Urban Environments” mobile application. Conducted in the Nong Khaem District of
Bangkok, the study employs a quantitative research methodology with a sample of 411
respondents who have used the application. The main objective was to identify the
factors that influence user satisfaction.

The study's conceptual framework categorizes 17 independent variables into
four primary criteria: Core Functionality & Data Reliability, Information & Presentation
Quality, Actionable Insights & User Impact, and User Experience & Social Impact.

Data analysis, which employed descriptive statistics and multiple regression,
revealed that respondents generally reported high satisfaction with the system, with a
mean satisfaction score of 4.34 (SD = 0.74). The multiple regression model
demonstrated a strong fit (R-squared = 0.7909), indicating that the four groups of
variables explain a significant portion of the variance in user satisfaction.

In conclusion, the research emphasizes the importance of a well- designed
mobile application that not only provides accurate and reliable data but also effectively
communicates information through clear visuals, offers actionable advice for personal
protection, and ensures a positive overall user experience. The findings present valuable
insights for developers and policymakers aiming to enhance the effectiveness and user
adoption of environmental monitoring technologies in urban areas.

Keywords: AloT, PM.s, Multiple regression model, user experience, AQI

1. Introduction health hazard in wurban environments

Air pollution, specifically fine worldwide [1]. The unfavorable health
particulate matter (PM,s) with a diameter of ~ €ONSequences assoplated with PMs
2.5 micrometers or less, poses a significant ~ €XpOSuUrc [2], ranging from respiratory
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infections to  cardiovascular  crises,
necessitate the development of effective
monitoring and prediction systems to
mitigate these risks. Conventional air quality
monitoring methods [3] often rely on fixed
stations, which may not capture the spatial
and temporal variability of pollution within a
city. To address this limitation, combining
Artificial Intelligence (AI) with the Internet
of Things (IoT) and developing AloT
systems offers a profitable approach for real-
time, localized air quality monitoring and
forecasting. This study, detailed by Otanasap
et al. (2025) [1], focuses on developing an
AloT-based air quality monitoring and
forecasting system designed explicitly for
PM; 5 prediction in metropolitan
atmospheres. The system is designed to
empower users with timely warnings
through a mobile application, enabling them
to take proactive measures to safeguard their
health. This research contributes to the
growing field of intelligent environmental
monitoring by leveraging Al's capabilities
for data analysis and prediction, coupled
with the widespread connectivity of IoT

devices. It seeks to enhance the
understanding and management of urban air
quality.

2. Literature Review

2.1 The development of AloT-based
air quality monitoring systems in urban
areas, such as the Nong Khaem district in
Bangkok, is driven by the growing demand
for accurate, real-time air quality
information, particularly PMas levels. The
work of Otanasap et al. [1] highlights the
system's potential for real-time predictions
and user alerts via a mobile application.
Understanding user perspectives and
assessing effectiveness requires examining
existing literature on air quality monitoring,
user perceptions, and the role of AloT.

(1) AloT in Environmental Monitoring:
The integration of Artificial Intelligence (Al)
with the Internet of Things (IoT) enables the
collection of real-time environmental data
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and the analysis of this data, allowing for
dynamic air quality management beyond
traditional monitoring methods [4] [5][6][7].

(2) PM; 5 Prediction: Accurate prediction
of PMys levels is crucial for mitigating
health risks. Techniques like time series
analysis and Random Forest algorithms have
been applied for this purpose, as
demonstrated by Otanasap et al. (2025)
[LI[8][9].

(3) User Perception: The success of
monitoring systems relies heavily on user
interaction, clarity of information, and the
user-friendliness of the interface [1].

(4) Mobile Applications: Mobile apps act
as the primary means of delivering air
quality information to the public. Their
design and usability are vital for user
engagement [1].

Explorations into  innovative
environments for air quality management, as
referenced by Schieweck et al. (2018) [10],
have set the stage for broader applications in
urban settings. The efficacy of the AloT
system by Otanasap et al. (2025) [1] hinges
on accurate predictions, which can be
evaluated against various machine learning
models [11].

Ultimately, user adoption of these
technologies is essential to their success, and
insights from mobile health applications
provide valuable guidance for effective
engagement [12][13].

2.2 This study investigates user
perception of the "AloT-based Air Quality
Monitoring System for Real-time PM;s
Prediction in Urban Environments" [14].
The research framework is built upon
established theories in information systems
success, technology acceptance, and health
behavior. This review synthesizes literature
to develop the theoretical foundation for the
17 variables, which are organized into four
primary constructs: (1) Core Functionality &
Data Reliability, (2) Information &
Presentation Quality, (3) Actionable Insights
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& User Impact, and (4) User Experience &
Social Impact.

2.2.1 Core
Reliability

This construct (Variables X;-X,) assesses
the fundamental performance of the system.
It is grounded in technology acceptance and
information systems (IS) success models.

1) Core Functionality (X;, X3): The
usefulness of PM,s forecasts for planning
(X;) and the adequacy of data update
frequency (X3) are direct indicators of
Performance Expectancy, a key concept in
the Unified Theory of Acceptance and Use of
Technology (UTAUT) [15]. Performance
Expectancy is defined as the extent to which
an individual believes that using the system
will help them improve their job or daily life
performance [16]. In the context of a PM» s
app, "performance" refers to the user's ability
to plan daily activities and reduce health
risks.

2) Data Reliability (X: X4: The
perceived accuracy of forecasts (X;) and the
system's consistency (Xy) are crucial
components of System Quality and
Information Quality, which are essential
dimensions of the DeLone & McLean
(D&M) IS Success Model. In the context of
mHealth, ensuring system reliability and
data accuracy is vital. If users view the data
as inaccurate (X>) or the system as unreliable
(X4), their trust in the system diminishes,
resulting in decreased usage. Therefore,
these variables are fundamental to user

Functionality & Data

acceptance.

2.2.2 Information and Presentation
Quality

This construct (Variables X5-Xs) assesses
how effectively information is

communicated to the user, focusing not just
on its existence but also on its cognitive
accessibility. This closely aligns with the
Information Quality dimension of the
DeLone and McLean Information Systems
Success Model.
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1) Understandability (X5, Xs): The D&M
model emphasizes that information must be
clear to be effective. This involves the clarity
of index values (X5) and the effectiveness of
visual aids, such as charts and colors (Xj). In
health communication, this concept is
connected to eHealth Literacy, which refers
to users' ability to find, understand, and
evaluate health information from electronic
sources [17]. Effective data visualization
(X5) is crucial for communicating complex
risks, such as Air Quality Index (AQI) levels,
to a general audience.

2) Communication Effectiveness (X7, Xs):
The system's capability to communicate
potential changes (X7) relates to the
"timeliness" and "relevance" aspects of
Information Quality. Offering detailed
information about PM,s sources (Xs)
increases the "completeness" of the data,
providing users with a deeper understanding
of their environment and encouraging
greater engagement.

2.2.3: Actionable Insights and User

Impact
This  construct (Variables  Xo-X5)
evaluates the system's effectiveness in

converting data into actionable insights for
users and the perceived advantages, both of
which are fundamental aims of health
information systems. Theories of health
behavior significantly influence this area.

1) Cues to Action (Xy, Xi9): The Health
Belief Model (HBM) offers a solid
framework for understanding this construct
[18]. Timely warnings and alerts (Xy) serve
as a "Cue to Action," an essential element of
the HBM that initiates the decision-making
process for health protection. Information
about potential health risks (X;9) directly
addresses two other HBM constructs:
"Perceived Susceptibility" (the belief in the
likelihood of acquiring a condition) and
"Perceived Severity" (the belief in the
seriousness of a condition).
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2) Perceived Benefits and Behavior
Change (X11, X12): The belief that the system
provides protection for oneself and one's
family (X;;) serves as a direct measure of
"Perceived Benefits" [18]. Additionally, the
system's positive impact on daily decision-
making (X;,) is a tangible outcome of this
belief. This aligns with the objectives of
mHealth interventions, which aim to
promote positive behavior changes and
enhance health outcomes [19].

2.2.4 User Experience & Social Impact

This final construct (Variables X;3-X;7)
focuses on the system's usability and its
impact on individual and community
awareness, drawing from usability and social
diffusion theories.

1) User Experience (X;3) refers to how
easy it is to use the mobile application
interface. This ease of use is a direct measure
of Effort Expectancy from the Unified
Theory of Acceptance and Use of
Technology (UTAUT), which indicates the
level of comfort users experience when
interacting  with the system [17].
Additionally, this concept aligns with
Perceived Ease of Use from the original
Technology Acceptance Model (TAM),
which is a key factor influencing user
adoption and satisfaction [20].

2) Social and Awareness Impact (X14, Xis,
Xis, Xi7): This group of variables assesses the
broader influence of the system.

2.1) Recommendation of the system to
others (X;s5) serves as an indicator of user
satisfaction. It is associated with Social
Influence (as outlined in the UTAUT model)
and the Diffusion of Innovations theory,
wherein peer recommendations are a crucial
avenue for adoption [21].

2.2) Providing users with more
information (X;4) and increasing their
awareness of pollution (Xjs) are indicators of
the system's success as an educational and
awareness tool.

2.3) The belief that the system can
enhance the community environment (X;7)
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reflects users’ perceptions of its collective
benefits and contributions to social good,
which is a strong motivator for sustained
engagement [22].

3. Materials and Methods

1. Core Functionality
& Data Reliability

X (forecast usefulness)
X; (forecast accuracy)
X; (update frequency)
Xy (system reliability)

2. Information &
Presentation Quality
X (information clanty)
X (visual presentation)
X-(effective
communication)

X (level of detail)
3. Actionable Insights

& User Impact
Xy(timely wamings)
X;p(health risk
information)

X1 (personal
protection)

X (daily decision-

\, making) J

x)
Satisfaction with
the overall
performance of the
air quality
monitoring system

4. User Experience &
Social Impact

X3 (user interface)
X y(information
access)

X5 (willingness to
recommend)
X;g({awareness of
pollution)
X;r(sanitary

\ efvironment) J

Fig. 1 Research Framework

This research aims to examine the
factors affecting users' perceptions of an IoT-
based air quality monitoring and forecasting
system for PM, s in urban areas, focusing on
a case study in Nong Khaem District,
Bangkok. To achieve this research objective,
the researcher employed a quantitative
research method, using a questionnaire as the
data collection tool. The details of the
research methodology are as follows:

1) Research framework



UNANNIREY

2) Research hypothesis
3) Population group definition and sample
selection
4) Data sources used in the research
5) Research instruments
6) Testing the research instruments
7) Data collection
8) Data analysis and hypothesis testing
3.1 Research Framework
The researcher has selected the
variables to be studied to create a research
conceptual framework, as shown in Figure 1.
3.2 Research Hypothesis
This study has a total of 17 related
variables to test 4 variable groups according
to the research conceptual framework, with
the following variable groups:
1) Core Functionality & Data Reliability
2) Information & Presentation Quality
3) Actionable Insights & User Impact
4) User Experience & Social Impact
3.3 Population group definition and
sample selection
1) Population used in the research
The population in this research
comprises individuals aged 15 years and
over who live or work in Nong Khaem
District, Bangkok, and who have used the
application system before. According to the
census, the population of Nong Khaem
District is 155,124, but because of a hidden
population of residents and workers, the
actual number is unknown. The researcher
therefore found the sample size by
calculating with the Cochran formula [23]
With a 95% confidence level as follows:

Z%+p*(1-p)

n= o2

(1)
Where n represents the sample size, p
represents the percentage to be randomly
selected from the entire population (p = 0.5)
Z represents the confidence level, set to 95%
(equal to 1.96), and e represents the
percentage of error (e = 0.05) from the
random sampling.
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The P value must be set to at least 50%. The
sample size is at a reliable level. Therefore,
to ensure the number distribution is an
integer and prevent errors in answering the
questionnaire, 411 questionnaires are
distributed.
2) Sample Selection Method

This research used non-probability
purposive sampling to select only those who
had tried the developed app, distributing 411
online Google Form questionnaires.
3.4 Data sources used in the research

1) Primary data sources, the researcher
used a quantitative data collection method
with an online questionnaire of 411 samples
to analyze the data.

2) Secondary data sources, the
researcher studied and found information
from academic articles and information
generally published from reliable sources,
both from journals and online databases,
both domestic and international.

3.5 Research instruments
This research is quantitative, using a

questionnaire  to  collect data. The
questionnaire consists of closed-ended
questions about factors affecting the

perception of the application presented.

The criteria for scoring the level of
opinions on the use of the presented
application used a 5-level Likert scale, with
values ranging from strongly agree to
disagree strongly.

To evaluate the level of opinions on
the perception of the use of the presented
application, a formula was used to calculate
the width of each level according to the
concept of Paul E. Green and Donald S. Tull
[24], which was calculated as follows:

(HV—LV)
NC

CIW =

= (5-1)/5
=0.8

()

CIW: Class Interval Width
NC: Number of Classes

HV: Highest Value
LV: Lowest Value
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3.6 Testing the research instruments

The researcher tested the validity
and reliability of the questionnaire used in
the research as follows:

1) Study the guidelines and collect data
from related research to be an example for
creating the questionnaire.

2) Present the developed questionnaire to
3 experts to check the language accuracy and
content accuracy to improve the
questionnaire to be accurate and complete
according to the objectives of this research
study.

3) Test the questionnaire with 20
experimental groups and adjust it according
to the suggestions of the experimental group.

4) Use the revised questionnaire with
411 samples.

3.7 Data collection

In this research, the data were
collected by online questionnaires. The
researcher  selected only  complete
questionnaires from the data, converted the
values into codes, and analyzed them using
Google Spreadsheet and XL Miner Analysis
ToolPak.
3.8 Data analysis and hypothesis
testing

The details of the statistics used in
the processing are as follows:

1) Data analysis using descriptive
statistics, to analyze the demographic
characteristics of the sample group,
consisting of age, gender, education level,
occupation, reasons for staying in Nong
Khaem District, duration of stay in Nong
Khaem District, with the statistical values
used being frequency and percentage, and to
analyze data on factors affecting the
perception of app usage presented by the
statistical values used being the mean and
standard deviation.

2) Data analysis
statistics

Two-step statistical analysis tools
were used to test the research hypothesis as
follows:

using inferential
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Step 1: Factor analysis of variables or
group variables that are related together.
Variables within the same group will have a
strong relationship; the relationship may be
in the same or opposite direction. As for
variables across groups, there will be no
relationship or only a very weak one.

Step 2: The  multiple  correlation

coefficient analysis to analyze the
independent variables or factors that affect
the perception of the use of the presented 17
variables to see how much they are related
and in which direction they are related,
including finding the relationship of these
factors with the perception of the use of the
presented applications. Based on the
descriptions provided, the independent
variables can be grouped into the following
main criteria related to a PM.s prediction
mobile application.
Group 1. Core Functionality & Data
Reliability: This group includes variables
that assess the application's primary purpose:
to provide accurate, up-to-date, and reliable
information.

Xi: The PMs forecast displayed by the
system at levels 1, 3, 6, 12, and 24 hours in
advance helps plan your daily activities.

X2: The forecast of air quality and future
PM: s levels of the system can be accurately
predicted.

Xa: The frequency of PM2 s level updates
that the system can provide (every 1 hour) is
sufficient for your information.

Xa: The system is reliable in providing
consistent air quality information.

Group 2. Information & Presentation
Quality, this group focuses on how the
information is communicated to the user,
including ease of understanding and clarity.

Xs: The information that the system
displays in advance regarding the AQI PM:s
index values in the Nong Khaem District
area is easy to understand.

Xe: The presentation of air quality data
in visual form (e.g., charts, colors) is clear
and provides sufficiently useful information.



UNANNIREY

X7: The system can  effectively
communicate potential changes in air
quality.

Xg: The level of detail provided

regarding the sources or factors affecting
PM_s5 is helpful.

Group 3. Actionable Insights & User
Impact: This group includes variables that
assess the application's ability to help users
make informed decisions and take protective
actions.

Xo: The warnings or alerts the system
provides when PMzs levels are high are
timely, and what you want from the system.

Xi0: The system can provide sufficient
information on the potential health risks
from different PM.s levels.

Xu: The system helps you protect
yourself and your family from air pollution.

Xi2: The system has an impact on your
daily decision-making about outdoor
activities, which is a positive impact (making
you make better decisions about activities).
Group 4. User Experience & Social
Impact, this group encompasses factors
related to the overall user experience,
including ease of use, awareness, and the
user's willingness to recommend the
application to others.

Xiz: The interface or user interface of
the mobile application is easy to use.

Xia:  The system helps you get more
information about air quality in Nong Khaem
District.

Xis: Will recommend this air quality
monitoring system to your friends and
family.

Xis:  Using this system makes you more
aware of PMgzs pollution in your
neighborhood.

Xi7: This type of system can help make

the living environment in your residential
area more sanitary.

The multiple correlation coefficient,
denoted as Ry x, x, x,.x, quantifies the linear
relationship between a dependent variable Y
and a set of independent variables: Group 1
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CX], Xz, X3, X4), Group 2 0(5, Xg, X7, Xg),
Group 3 (Xo, Xi10, X11, X12), and Group 4 (X13,
Xi4, X5, Xis, Xi7). The squared multiple
correlation coefficient can be expressed in
terms of the correlation matrix. Let R be the
correlation matrix of all variables, with the
dependent variable Y as the first variable and
X1, X2, X3, X4 as the subsequent variables. The
formula is given by:

_IR]
|Roxl

)

2 —
RY-X1-X2-X3-X4 -

where |R| is the determinant of the full
correlation matrix R, and |R.| is the
determinant of the submatrix of R containing
only the correlations among the independent
variables X;, X, Xz, Xu.

The multiple correlation coefficient
Ry x, x,x5x, 18 calculated using the formula
(2), where |R| is the determinant of the
correlation matrix of all variables and |R..| is
the determinant of the correlation matrix of
the independent variables.

4. Results and Discussion

This section presents the results of
the data analysis, including a descriptive
overview of the sample demographics, a
statistical summary of the dependent and
independent variables, and the findings from
the multiple regression analysis.
4.1 General Sample Characteristics

The study was conducted with 411
respondents in Nong Khaem District. The
sample's demographic information s
detailed below:
- Age: The largest age group was 15-24
years old (169 respondents), followed by 45-
54 years (83), and 35-44 years (72).
- Gender: There was a higher number of
male respondents (235) compared to female
respondents (173).
- Educational Level: The majority of
respondents (259) had a bachelor’s degree or
were currently pursuing one, while 119 had
a master’s degree or were studying for one.
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- Occupation:  The  most
occupations were students
educational personnel (156).

- Reason for being in the district: A
significant portion of the sample (274
respondents) were in the Nong Khaem
District for work or educational purposes.

- Time in the District: The most frequent
response for time spent in the area was "more
than 10 years" (181 respondents), followed
by "1-5 years" (163).

common
(167) and

4.2 Descriptive Statistics of Variables
The mean values for the dependent
and independent variables, measured on a
Likert scale from 1 (lowest) to 5 (greatest),
indicate a generally high level of satisfaction
and positive perception among respondents.
1) Mean Value and Standard Deviation of
Each Question
The mean value represents the
average score given by respondents, while
the standard deviation (SD) indicates the
degree of variation in the responses. A lower
standard deviation suggests that most
respondents had similar opinions, while a
higher one indicates a wider range of views.
Dependent Variable (Y): Satisfaction with
the overall performance of the air quality
monitoring system is Mean: 4.34, SD: 0.74.
According to Figure 2, Independent
Variables (Xl—X4), X1 (AQ| PM.s
information is easy to understand): Mean
4.44, SD 0.77. This variable had the highest
mean, suggesting that users found the
information very easy to understand and that
there was strong consensus. Xo (PMazs
forecast is useful for planning): Mean 4.18,
SD 0.79. Users generally found the forecast
helpful, though opinions were slightly more
varied than in Xi. X3 (Warnings are timely
and desired): Mean 4.27, SD 0.79. The high
mean indicates users felt the warnings were
timely and desired, but the responses were
slightly dispersed. X4 (Mobile application
interface is easy to use): Mean 4.19, SD 0.81.
Users found the interface easy to use, though
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opinions on this factor ranged slightly more
widely.

WX Wso

4.27

[l 2 4 6

Fig 2. Independent Variables (Xi-X4)

WX Wso

436

[l 2 4 6

Fig 3. Independent Variables (Xs-Xs)

According to Figure 3, Xs (Sufficient
health risk information): Mean 4.30, SD
0.80. The high mean indicates that users
were satisfied with the amount of health risk
information provided. Xs (Forecast can be
accurately predicted): Mean 4.36, SD 0.73.
This is one of the highest mean values,
suggesting that users have strong confidence
in the system's forecast accuracy. The low
standard deviation shows firm agreement. X7
(Helps you get more information): Mean
4.24, SD 0.78. Users felt the system helped
them get more information, though
responses varied moderately. Xs (Will
recommend to friends and family): Mean
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4.31, SD 0.77. A high mean here indicates
that users are likely to recommend the
system to others.

mE W=D

0 2 4 6

Fig 4. Independent Variables (Xo-X12)

WX Wso

[l 2 4 6

Fig 5. Independent Variables (X13-X17)

According to Figure 4, Xy (Update
frequency is sufficient): Mean 4.31, SD 0.86.
The high standard deviation here indicates a
broader range of opinions on whether the
one-hour update frequency is adequate,
despite the high mean. Xio (System is
reliable): Mean 4.24, SD 0.80. Users
generally found the system reliable, with a
moderate spread in responses. Xi1 (Visual
data presentation is clear): Mean 4.33, SD
0.74. This high mean and low standard
deviation shows strong agreement that the
visual data presentation is clear. Xi» (Helps
protect yourself and family): Mean 4.41, SD
0.78. This is one of the highest mean scores,
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indicating that users feel the system is very
effective in helping them protect their
families from pollution.

According to Figure 5, Xiz (Can

effectively communicate changes): Mean
4.22, SD 0.84. While the mean is high, the
standard deviation is also high, indicating
varied opinions on the effectiveness of
communicating changes. Xia (Makes you
more aware of pollution): Mean 4.35, SD
0.79. Users strongly feel that the system
increases their awareness of PM_ s pollution.
Xis (Detail on sources is helpful): Mean 4.36,
SD 0.79. A very high mean score suggests
that users found the detailed information
about pollution sources helpful. Xis (Impact
on daily decision-making): Mean 4.40, SD
0.76. This high mean indicates that the
system has a very positive impact on users'
daily decisions about outdoor activities.
X1z (Helps make living environment
more sanitary): Mean 4.27, SD 0.84. While
the average score is high, the high standard
deviation suggests a broader range of
opinions on whether the system improves the
sanitary  conditions of their living
environment.

W x W so

6.00

Fig 6. Independent Variable Groups (G1-Ga)
and Dependent Variable (Y)

According to Figure 6, the mean
satisfaction with the air quality monitoring
system (Y) was 4.34, with a standard
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deviation of 0.74. The average scores for the
independent variable groups were also
consistently high:

Gi: Core Functionality & Data Reliability:
Mean of 4.27 (SD =0.79).

G2: Information & Presentation Quality:
Mean of 4.30 (SD =0.77).

Gs: Actionable Insights & User Impact:
Mean of 4.32 (SD = 0.80).

Ga: User Experience & Social
Mean of 4.32 (SD = 0.80).

The high mean of 4.34 indicates that
respondents were, on average, very satisfied
with the system's overall performance. The
low standard deviation suggests high
agreement among users regarding their
satisfaction.

4.3 The results of the multiple regression
analysis

This section presents the results of
the multiple regression analysis conducted
on the independent variable groups to
determine their influence on the dependent
variable, "Satisfaction with the overall
performance of the air quality monitoring
system" (Y). The analysis is divided into four
main sections, corresponding to each group
of independent variables.

Dependent Variable (Y): Satisfaction
with the overall performance of the air
guality monitoring system
4.3.1 Independent Variable Group 1. Core
Functionality & Data Reliability

This group includes variables that assess
the application's primary purpose: to provide
accurate, up-to-date, and reliable
information.

According to Table 1, Core Functionality
& Data Reliability, the regression model for
this group of variables (Xi-Xi) yielded a
Multiple R of 0.8092 and an R-squared of
0.6547. This indicates that approximately
65.47% of the variability in user satisfaction
can be explained by the variables in this
group. The model was found to be
statistically significant, with a significance
F-value of 0.

Impact:
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Upon examining the individual
coefficients:
Xi (forecast usefulness) was not a
statistically ~ significant  predictor  of

satisfaction, as its p-value was 0.4196, which
is greater than the significance level of 0.05.
Xz (forecast accuracy) was a highly
significant predictor, with a p-value of 0. Its
positive coefficient of 0.2892 suggests that
forecast accuracy strongly contributes to
user satisfaction.
X3 (update frequency) was also a
significant predictor, with a p-value of
0.0120. The positive coefficient of 0.0971
indicates that a higher update frequency is
associated with greater satisfaction.
X4 (system reliability) was a highly
significant predictor, with a p-value of 0. The
large positive coefficient of 0.4333 suggests
that a reliable system is the most influential
factor in this group, leading to higher user
satisfaction.
4.3.2 Independent Variable Group 2.
Information & Presentation Quality

This group focuses on how the
information is communicated to the user,
including ease of understanding and clarity.

According to Table 2, Information &
Presentation Quality, the regression analysis
for this group (Xs to Xsg) revealed a strong
model fit, with a Multiple R of 0.8982 and
an R-squared of 0.8068, indicating that
these variables can explain 80.68% of the
variability in satisfaction. The model was
statistically significant with a Significance F
of 0. All variables in this group were found
to be statistically significant:
Xs (information clarity) had a p-value of

0.0277, indicating it is a significant
predictor.
Xe (visual presentation) was highly

significant, with a p-value of 0. Its positive
coefficient of 0.2016 shows a clear link
between a good visual interface and
increased satisfaction.

X7 (effective communication) was highly
significant with a p-value of 0. The
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coefficient of 0.4479 suggests it is a
powerful predictor of user satisfaction.
Xs (level of detail) was also highly
significant, with a p-value of 0. The positive
coefficient of 0.2841 indicates that providing
helpful information about PM.s factors
positively influences satisfaction.
4.3.3 Independent Variable Group 3.
Actionable Insights & User Impact

This group includes variables that
measure the application's ability to help
users make informed decisions and take
protective actions.

According to Table 3, Actionable
Insights & User Impact, the regression
model for this group (Xo-X12) was
significant, with a Multiple R of 0.8630 and
an R-squared of 0.7448. This means that
these factors can explain 74.48% of the
variability in satisfaction. The model's
Significance F was 0. The analysis of
individual predictors showed mixed results:

Table 1 Core Functionality & Data Reliability
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Xo (timely warnings) was not statistically
significant, with a p-value of 0.9547. This
suggests that the timeliness of warnings, on
its own, does not significantly predict
satisfaction.

X1 (health risk information) was a highly
significant predictor, with a p-value of 0. The
strong positive coefficient of 0.3505
indicates that providing information on
health risks is a key driver of satisfaction.
X1 (personal protection) was also highly
significant, with a p-value of 0. With a
coefficient of 0.4747, it had the most
substantial positive impact on satisfaction
within  this group, highlighting the
importance of the app helping users protect
themselves and their families.

X2 (daily decision-making) was a
statistically significant predictor, with a p-
value of 0.0017. Its positive coefficient of
0.1104 indicates that the system's impact on
better decision-making is also a positive
factor for satisfaction.

Regression Statistics ANOVA df SS MS F Sig. F
Multiple R 0.8092 Regression 4 147.9629 36.9907 192.4740 0
R Square 0.6547 Residual 406 78.0274 0.1922
Adjusted R Square 0.6513 Total 410 225.9903
Standard Error 0.4384
Observations 411

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%
Intercept 0.7494 0.1417 5.2905 0.0000 0.4710 1.0279
X1 0.0335 0.0415 0.8079 0.4196 -0.0480 0.1151
Xz 0.2892 0.0397 7.2913 0.0000 0.2113 0.3672
X3 0.0971 0.0385 25221 0.0120 0.0214 0.1728
X4 0.4333 0.0403 10.7570 0.0000 0.3541 0.5125
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Table 2 Information & Presentation Quality

Regression Statistics ANOVA df SS MS F Sig. F
Multiple R 0.8982 Regression 4 182.3402 455850 4239976 O

R Square 0.8068 Residual 406  43.6501 0.1075

Adjusted R Square 0.8049 Total 410  225.9903

Standard Error 0.3279

Observations 411

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0.1013 0.1112 0.9112 0.3627 -0.1173 0.3199

Xs 0.0553 0.0250 2.2091 0.0277 0.0061 0.1044

Xs 0.2016 0.0364 5.5339 0.0000 0.1300 0.2732

X7 0.4479 0.0357 12.5382 0.0000 0.3777 0.5181

Xs 0.2841 0.0288 9.8551 0.0000 0.2274 0.3407
Table 3 Actionable Insights & User Impact

Regression Statistics ANOVA df SS MS F Sig. F
Multiple R 0.8630 Regression 4 168.3259  42.0815  296.2851 O

R Square 0.7448 Residual 406 57.6643 0.1420

Adjusted R Square 0.7423 Total 410 225.9903

Standard Error 0.3769

Observations 411

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%

Intercept 0.3185 0.1222 2.6070 0.0095 0.0783 0.5587
Xo -0.0019 0.0332 -0.0568 0.9547 -0.0671 0.0634
X1o 0.3505 0.0333 10.5095 0.0000 0.2849 0.4160
Xu 0.4747 0.0387 12.2628 0.0000 0.3986 0.5508
X1z 0.1104 0.0350 3.1557 0.0017 0.0416 0.1792
Table 4 User Experience & Social Impact

Regression Statistics ANOVA df SS MS F Sig. F
Multiple R 0.8319 Regression 5 156.4085 31.2817 182.0748 0

R Square 0.6921 Residual 405 69.5818 0.1718

Adjusted R Square 0.6883 Total 410 225.9903

Standard Error 0.4145

Observations 411

Coefficients Std Err. t Stat P-value Lower 95% Upper 95%

Intercept 0.3514 0.1351 2.6009 0.0096 0.0858 0.6170
X3 0.1797 0.0337 5.3259 0.0000 0.1134 0.2461
X4 0.1313 0.0426 3.0850 0.0022 0.0476 0.2149
Xis 0.2541 0.0480 5.2929 0.0000 0.1598 0.3485
X6 0.2288 0.0392 5.8361 0.0000 0.1517 0.3059
X7 0.1269 0.0340 3.7339 0.0002 0.0601 0.1936

105



UNANNIREY

Table 5 Group Analysis

SAU JOURNAL OF SCIENCE & TECHNOLOGY, Vol.11, No.2 , July -December 2025

Regression Statistics ANOVA df SS MS F Sig. F
Multiple R 0.8893 Regression 4 178.7360  44.6840  383.9167 0
R Square 0.7909 Residual 406 47.2543 0.1164
Adjusted R Square 0.7888 Total 410 225.9903
Standard Error 0.3412
Observations 411

Coefficients Std. Err. t Stat P-value Lower 95% Upper 95%
Intercept -0.1583 0.1169 -1.3540 0.1765 -0.3882 0.0715
Group 1. -0.0447 0.0569 -0.7845 0.4332 -0.1566 0.0673
Group 2. 0.6995 0.0623 11.2239 0.0000 0.5770 0.8220
Group 3. 0.1791 0.0644 2.7828 0.0056 0.0526 0.3057
Group 4. 0.2097 0.0643 3.2603 0.0012 0.0832 0.3361

4.3.4 Independent Variable Group 4. User
Experience & Social Impact
This group encompasses factors related to
the overall user experience, including ease of
use, awareness, and the user's willingness to
recommend the application to others.
According to Table 4.3.4 User
Experience & Social Impact, this group (Xis
to Xi7) showed a Multiple R of 0.8319 and
an R-squared of 0.6921, indicating that these
variables explain 69.21% of the variability in
satisfaction. The model was statistically
significant with a Significance F of 0.
All five variables in this group were
statistically ~ significant  predictors  of
satisfaction:
X1z (user interface) had a p-value of 0,
indicating a strong relationship.
X1 (information access) had a p-value of
0.0022, confirming its significance.
Xis (willingness to recommend) was
highly significant with a p-value of 0. The
coefficient of 0.2541 indicates a strong
association between user satisfaction and
willingness to recommend the system to
others.
Xis (awareness of pollution) had a p-value

of 0, indicating a highly significant
relationship.
X7 (sanitary environment) was

significant with a p-value of 0.0002.
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4.3.5 Summary of Group Analysis
- Independent Variable Group 1. Core
Functionality & Data Reliability
« Independent ~ Variable  Group
Information & Presentation Quality
- Independent Variable Group 3. Actionable
Insights & User Impact
« Independent Variable Group 4. User
Experience & Social Impact
- Dependent Variable (Y): Satisfaction with
the overall performance of the air quality
monitoring system

A final regression model combining all
four groups as independent variables was
also conducted, with "Satisfaction" as the
dependent variable. The model was
significant, with a Multiple R of 0.8893 and
an R-squared of 0.7909. This suggests that
the combination of these four criteria
explains a substantial portion of the
variability in user satisfaction with the
mobile application. The results of this final
model showed that three of the four groups
were statistically significant predictors of
satisfaction:
1) Group 2. Information & Presentation
Quality was a highly significant predictor
(p-value = 0) with the largest coefficient
(0.6995), indicating the most important
positive impact on user satisfaction.

2.
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2) Group 3. Actionable Insights & User
Impact was also a significant predictor, with
a p-value of 0.0056.

3) Group 4. User Experience & Social
Impact was a significant predictor (p-value
=0.0012).

4) Group 1. Core Functionality & Data
Reliability was not a significant predictor in
this combined model (p-value = 0.4332).
This suggests that while individual variables
within this group (such as X2 and X4) are
essential, when grouped together, this
criterion is not a significant standalone
predictor of satisfaction compared to the
others.

5. Conclusion and Future Work

This study presents a framework to
assess user perceptions of an AloT-based
air quality monitoring and prediction
system. By integrating 17 key variables
from information systems (D&M,
UTAUT) and health behavior (HBM), we
identify the primary drivers of user
satisfaction, ranging from  system
reliability to its influence on personal
decisions and social awareness.

The findings validate the system
developed by Otanasap et al. (2025) [14]
and provide a roadmap for future
enhancements and research. Here are
suggestions for future work, categorized
by key constructs:

1) Core Functionality & Data
Reliability: Enhance Predictive Accuracy,

Explore advanced machine learning
techniques to improve long-range
predictions. Integrate Diverse Data

Sources, Incorporate additional data like
real-time traffic and localized weather
patterns for more accurate air quality
predictions.

2) Information & Presentation Quality:
Personalized Visualization, Conduct A/B
testing on various visualizations to find
the most effective formats for different
user  segments. Dynamic  Source
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Attribution: Develop features that provide
real-time insights into pollution sources,
such as "high traffic" or "agricultural
burning.”

3) Actionable Insights & User Impact:
Longitudinal Behavior Study: Conduct
long-term studies to measure the system's
impact on user behavior and health. Smart
Device Integration: Integrate with smart
home devices and wearables to create an
automatic response system for air quality
alerts.

4. User Experience & Social Impact:
Qualitative Deep Dive, Supplement
quantitative findings with interviews and
focus groups to understand user
motivations and experiences. Community
Policy Impact: Examine the system's role
in local advocacy and policy-making to
empower community engagement on air
quality issues. Broader Demographic and
Geographic Studies: Replicate the study
in various settings to explore the
differences in user perceptions across
demographics and locations.
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Abstract This research presents a mathematical model for predicting the properties of R600a
refrigerant flowing through a capillary tube, incorporating the effects of metastable flow.
Metastable flow occurs because the refrigerant R600a will not change from liquid to vapor
even when the pressure is lower than its vapor pressure. The location where the refrigerant
R600a changes from liquid to vapor is shifted further away from its original location,
resulting in a higher flow rate for the R600a refrigerant. The results of the developed
mathematical model were compared with those from literature. The comparison reveals that
the values are similar and trend in the same direction, ensuring a certain degree of accuracy.
This study also presents the effect of metastable flow on the mass flow rate under various
operating conditions. It was found that accounting for the metastable flow effect can increase
the mass flow rate by up to 13.08%. Two selection charts are also presented to indicate
the operating conditions and capillary tube sizes for R600a.

Keywords: Capillary tube, Homogeneous flow, Metastable flow, Refrigeration, R600a.
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