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Development of a Biodegradable Film from Jicama Starch

(Pachyrhizus erosus (L.) Urbar) for Plant Bag Application
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321 Naraimaharat Road, Thale Chupson, Muang District, Lopburi 15000

Received 15 September 2019; Revised 23 January 2020; Accepted 30 April 2020

Abstract

This research aimed to study the production of a biodegradable film from Jicama starch
(Pachyrhizus erosus (L.) Urbar) for plant bag application. The film was prepared by dissolving
Jicama starch in water to the concentration of 5 wt%. To study the effect of the glycerol
content, the glycerol was added at 6 levels; 0, 10, 20, 30, 40, 50 and 60 wt%. The film was casted
in a molded and dried at 60 °C for 24 h. After drying, properties of films; thickness, water activity
(a ), solubility, tensile strength (TS), elongation (%E), puncture strength and the degradation of
the films were evaluated. The thickness of the films was in the range of 0.16-0.28 mm. The cH
of films ranged from 0.36-0.49. The water vapor permeability, water solubility, and flexibility
of the film increased with the increasing of glycerol content. Tensile and puncture strength of
the starch films tended to increased when the glycerol content decrease. After the films were
buried under the ground (8-10 cm depth) for 12 weeks, they were degraded by 100%. The Jicama

starch film with 40 wt% slycerol showed the best overall properties.

Keywords : Jicama Starch; Biodegradable Film; Glycerol; Plasticizer

* Corresponding Author. Tel.: +668 6213 6336, E-mail Address: pawinee.t169@g¢mail.com
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Abstract

The pomelo peels charcoal was successfully prepared by traditional charcoal burning
and its adsorption of methylene blue was investigated. The influences of methylene blue
adsorption including contact time and methylene blue initial concentration were studied at
room temperature. The adsorption rate initially increased rapidly until 24 h and 600 mg/L of
methylene blue initial concentration. The further increase in contact time and methylene blue
initial concentration did not significantly increase the adsorption due to it reached equilibrium.
Kinetic of adsorption were investigated, that the pseudo-second order model best described
adsorption kinetic data. The adsorption isotherms were evaluated and the data correlated with
Langmuir adsorption model with the maximum adsorption capacity was found to be 166.67 mg/s.
The adsorption of pomelo peel charcoal was studied comparing to other adsorbents at the
same experimental conditions. The results showed higher adsorption of pomelo peel charcoal
than dried pomelo peel, longan wood charcoal, coconut shell charcoal, litchi wood charcoal

and tamarind wood charcoal, respectively.

Keywords : Pomelo Peels Charcoal; Traditional Charcoal Burning; Adsorption; Methylene Blue
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Abstract

Metal casting with Green sand mold is essential for participation in the manufacturing
industry that requires natural resources and chemicals as an element. This research studied the
effects of the right mix of mangosteen shell powder on green sand mold. The objective is to
study and analyze the mixture of moist sand formations consisting of natural sand, bentonite,
mangosteen shell powder and water affecting the properties of green sand mold by experiment
method. Starting from studying relevant information of natural materials that affect sand mold
and planning experimental design by using the experimental design program for the trial version
in the experimental design and analyze results. The results showed that mangosteen peel
powder had an effect on the properties Compression strength and higher hardness of sand
mold but does not increase the ability to release a lot of air permeability The optimum blend
ratio was composed of 90% reused sand, 7% bentonite, 1% water and 2% mangosteen powder
by weight air permeability. The hardness of the sand casting was 0.71 kg/cm?, 47.36 and 94.06

Scale B respectively.

Keywords : Green Sand Mold; Mangosteen Peel Powder; Experimental Design; Manufacturing
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Abstract

This research is studying of an electric field combine with a frying process in a Chinese
water chestnut product for reducing oil absorb. An electric field that is used in an experiment
will have a stress from 1-3 kV/cm. This will be generated by using a direct current high Voltage
from 1,066 to 3,200 V. which is distributed to an electrode in an uniform and non-uniform of an
electric field. This will have a dielectric barrier discharge. There is an analysis for finding a
relationship of a moisture on absorbing oil of a Chinese water chestnut fried product due to a
moisture has an effect on absorbing oil directly. From an experimental result, this is found that
the best electric field stress which will have an effect on reducing a moisture of a Chinese
water chestnut is an non-uniform electric field form that is created from a direct current high
voltage at 3,200 V. and this will have an electric field stress at 3 kV/cm. This will have an average
of a difference of a moisture at 0.6 ¢. This will select to use a direct current non-uniform electric
field at 3 kV/cm. In an experiment combine with a fried process in a Chinese water chestnuts
fried product, this is done for reducing of absorbing oil. By this will fry at the temperature of
180°C for 5 minutes. This is found that this can reduce an absorbing of oil best at 17.93% when

this has compared to a Chinese water chestnuts fried that hasn’t passed an electric field.

Keywords : Electric Field; Oil Absorb; Chinese Water Chestnut; Frying

* Corresponding Author. Tel.: +66 6 4936 6398, E-mail Address: chidchanok306@gmail.com
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Abstract

The aim of this research was determine total phenolic content, total flavonoid content
and antioxidant activity by DPPH and ABTS assay from leaves, flower and stem of Crateva
adansonii DC. subsp. trifoliate (Roxb) Jacobs that was extracted by Soxhlet method using
ethanol, dichloromethane and ethyl acetate as solvent. Leaves extract showed the highest
total phenolic content and antioxidant activity. Ethanolic leaf extract showed the highest
total phenolic content (157.13+0.32 mg GAE/g extract) and antioxidant activity by DPPH assay
(53.64+3.78% (IC_ = 1.49+0.02 mg/ml)) and ABTS assay (76.51+0.97% (IC_ = 0.84=0.01 mg/ml)).
When we considering solvent effect found that ethanolic extract showed the highest total
phenolic content and antioxidant activity. Total flavonoid content, ethyl acetate extract
showed the highest total flavonoid content. Total phenolic content significantly correlated

with antioxidant activity.

Keywords : Crateva adansonii DC. subsp. trifoliate (Roxb) Jacobs; Total Flavonoid Content;

Total Phenolic Content; Antioxidant Activity
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e IC_ (ladniusiefiadans) 1Himiiugidu
ansuMIgIY uaneHalunei 3 namsMAFDY
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: fP9NET 3, b, ¢, d, e, f hagg Aupnansiulunulni wansdemuLana1siueEiited A 19@df (p<0.05)
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Abstract

The objective of this study was to investigate the optimal formulation of mulberry
fruit leather product when varying the weight ratio of mulberry fruit: water as 70:30, 60:40,
50:50, 40:60 and 30:70. Three factors were then determined by simplex centroid design; sugar
(0-100% or 0-50 grams), citric acid (0-100% or 0-5 grams) and pectin (0-100% or 0-3 grams),
which the sum of them equivalent to 100% while other ingredients remained constant. Analysis
of the data was performed using ANOVA and Mixture Response Surface Models. The results
indicated that the highest adhesiveness force and gumminess of mulberry fruit leather product
were founded when the weight ratio of mulberry fruit to water was 70:30. The amount of
sugar, acid and pectin had effects on water activity (AW), texture profile and sensory score of
overall liking of product. From contour plot, the predictive models were obtained by plottin
g the contour line of all sensory attributes with acceptable score greater than 5.5 and thus the
optimization area was selected. After overlapping contour plots, an optimal formulation
obtained was composed of 40-70% sugar, 0-5% citric acid and 30-55% pectin. The sensory score
of overall liking of product using a 9-point hedonic scale was 6.3. The water activity (AW),
adhesiveness force, cohesiveness and gumminess of the prototype mulberry fruit leather
product was 4.9, 945.11 ¢. sec., 0.85 N and 452.12 N., respectively.

Keywords : Fruit Leather; Mulberry Fruit; Water Activity; Response Surface Methodology
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11 Morus alba Lﬂuﬁmﬁﬂgﬂlwmammm 1ng
Tufawesifuuvasiiddayvesemnsdmiusalng
(Bombyx Mori) drurasiasuad (Mulberry Fruit)
6'?5&LﬁuwawaaalﬁmﬂmiﬂgﬂﬂaLU@%LW@L??&NTM;J il
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thdase (Water Activity; A ) Useuned 0.5-0.7
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; Sasndauszwinaiionalddat (w/w)
R RUGE s
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ARY 1.5 1.5 1.5 1.5 1.5
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e (Brookfield CT3, Brookfield Engineering
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A19199 2 danaaeanldWmurgnsnandua
HGRIGETE)

ﬁamaaa ﬁ'lﬁlﬂﬂ 39 WARY ‘5’1ma 39 AR
x) X)) X)) @ @ ©
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3 0 0 1.0 0 0 3

4 0.5 0.5 0 25 250 0

5 0.5 0 0.5 25 0 1.50

6 0 0.5 0.5 0 250 1.50

7 0.333 0.333 0.333 16.60 1.66 1

8 0.333 0.333 0.333 16.60 1.66 1

9 0.333 0.333 0.333 16.60 1.66 1

2.3 Aszvigunwransusiiaueswsy
AULUY
ATIZNDIAUTENOUNINATIAINITNITVDY
A.O.AC. (2005) Yarndvewdnsosiaeldindasin
& Spectrophotometer (FA@nuszuU CIE L*a*b*
CIE (1986) Wunaarufiauas D65 AriiTalaun
Ad L* (A1AuaInedian 0 — 100 ey 0 uneiis

@ =

Tgllannuadneden, 100 vanefivingilanuedng

D

dun), a* (+ vuneila ngldeanuas, - vanena

e

a

TngiideandWed) way b* (+vuneds Tnghd

q

D

P =

Aoy, - manefeingiddesnduniu) Taen A,
wazdauseiduniosinieduda (Texture
Analyzer) SuiinAusedamilen (Adhesiveness
Force) AAuude (Hardness, N) @3uauise
Tun1stnnz@a (Cohesiveness) Lag AIAINLLATIEN
AL (Gumminess) HaRSAsITAUDIIAY
FULUU

3. Namﬁﬁnml,msaﬁﬂi'mwa
3.1 Sandufimunzauszuinaiedae’
sethlunskanTalUo Iy
Sasrausywiradesaveddetildlunns
nAnsfalussusuiinanoUsinaweudsiiazaneth
1§ CBrix) # pH AmiawmesueniiIn (A ) AU
ieduiia wasazuuunsEoNS U UsEENaLTA
0t fitfuddyn1eadi (p<0.05) Fansiedt 3
Taewui Vsinameudeflavanenilé i pH uas
AN A fiafutuidlesnsduilesawesunniy
waiidesanluniddelddaweinaan @
$owaz 100) Sisav vy viligesilladedae’
wnnsdivinaveaudefiaraetiléae i pH geiu
Enties Tnetaueiuiuiidduvenilesipiuedly
Sasnau 70:30 SUSameudsfiavanetils d
pH uaz A1 A gafign wazilouinaniledfaiued
anas USinawediazanetils en pH waz A1
A Suwdlduanas drununmitleduiadoiue’
WY WUF Aussdawmileavesiaa (Adhesiveness),
ANULTaULsIvedlaTeas1aea (Hardness), A
A101501UNNTIINAINY (Cohesiveness) wagAn
ANUWTlIRIUNEURT (Gumminess) Hifngaan
fnsdn 70:30 Tnethuin sesaun Snsndu
60:40, 50:50, 40:60 wag 30:70 Immfmﬁﬂ 2lah
Sy Faandidiun Weiueraedunniy
Wlfiuauuduswedlasadaea (Hardness)
usabanileaveaaa (Adhesiveness) wagAdy
anunsalunssmsaiu (Cohesiveness) At Liles
nniffesiaweiiimedulagsssumnindigliifnns
atmﬁmam‘f]uwa waziloaeitieifivaiuves
diloinefuduuunduiundanisounsia Tng
Snvnuilofua ruBevgu Wua aanauna
Yas83FUsEnoUTidfey IFuAvsinaniana nsn
FA3N uazLNARY ﬁﬁmaeiammamyiaiﬁmmm
Aoilos (Continuity) wagAuuiauss (Rigidity)
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vodlaseasnaa [11]-{13] dsluaneussdamied (Cohesiveness) wagAIAIUWTEIAIUNEY UG
194198 (Adhesiveness), ANUTMIIVBILASY  (Gumminess) VassRI1EIU 70:30 Tmasgaiadeon
451998 (Hardness), Anmannsatunissandiiy - Mfnwgasiuvanzausely

M3T 3 Uiinawesidaiazaneld (Brix) Aasidunsn-ang (pH) TaAmeinesuendin (A ) uas
AR R GG AR E R GRTL R

anTnausznnalanaldidetn (w/w)

AMENYMY
70:30 60:40 50:50 40:60 30:70

U’%mmmamﬁaﬁaxawﬁﬂﬁ 48.70°+1.02 47.50°+0.95  46.90™+1.00 46.50°+0.89 44.20°+0.92
(°Brix)

pH 2.99°+0.07 2.98°+0.06  2.90+0.11 2.93°+0.04 2.85°+0.08
Water activity (A ) 0.55°+0.08 0.53°+0.05 0.48°+0.06 0.507°+0.04 0.47°+0.04
A iloduia

- Adhesiveness (g.sec.) 773.76°+23.62 300.55°+12.91 462.43+22.65 515.17°+21.20 294.02°+19.26
- Hardness (N) 457.31°£18.23 374.65°+11.56 292.93+13.28 270.93°+16.02 247.37°+10.26
- Cohesiveness 0.91°+0.04 0.87°+0.08  0.89+0.07 0.90°+0.06 0.86°+0.05
- Gumminess (N) 416.15°+15.89 32594°+12.22 260.71+11.25 246.54°+12.36 212.74°+13.14

o

nuewn f8nes a-c lukuiueu vl uandsiuegdideddynisatianssdunnudesiudesay 95

A15199 4 ABLABSWBNFIRA (A) waranuwL Lo dUNEUDINAR A ueiTaLUBDTLEY

dmeans USunaw USunaw USunew water dnvaziloduns

wma - nn o WNAAY - activity  aghesiveness  Hardness  Cohesiveness Gumminess

X1  x2  x3)  (A) (g.sec) ™) ™)
1 10 0 0 059002 945.11:1826  56256:11.26  085:0.06  452.12+14.26
2 0 10 0 055003 65223:1225 452.69+13.22  091x0.08  491.89+13.15
3 0 0 10 049:005 79245:13.11 483.11x1513  099:006  679.56:20.11
4 05 05 0 051004 85923:1059 498.45:14.65  081:005  458.56+18.69
5 0.5 0 0.5  057:002 89225:1512 426.87+15.89 084004  598.45:17.59
6 0 0.5 05  058:003 73822+1189 504.78x1648  075:0.03  549.68+16.57

7 0.333  0.333  0.333 046+0.01  773.76+23.62  457.31+1823 0.91+0.04 416.15+15.89
8 0.333 0.333 0.333 048+£0.04 801.59+1658  472.65+18.49 0.90+0.06 448.59+14.26

9 0.333 0333  0.333 0.50+0.05  789.58+15.78  466.56+13.57 0.87+0.05 428.48+13.45




64 21591539I15U82 398 ams.wszuas U9 14 aduil 1 unsiau-lguiey 2563

3.2 3v3wavesiinia nsAdA3n waz
iwaRuTisiaRnA WA TWAHY
Tawedusuie 9 dmnaedls dn A, uaz

é’ﬂ’umzLﬁaﬁmﬁaﬁLmﬂsmﬁ’uasmﬁﬁﬂﬁﬁzgma

&b (p<0.05)lng A1 A YOINAN TR UDT Wi

agluy9 0.46-0.59 FadmPusmnsiitaudiusi

fiadlein A_snth 0.6 Fadudasiiqduvidussan

Wesllamnsaasald [13] lnedmeassd 1

FnduvenmanensasewaRy Wiy 1.0: 0: 0

fienadvvosusBanieivensa (Adhesiveness)

wavANNudausaadlaseaineaa (Hardness) 1

flan ungdemansil 3 dadauvesimiasensa

FONARUVINAU 0: 0: 1.0 unliauanisalunig

1N1gi (Cohesiveness) LazAIMINLUTEIAIL

VEfuRd (Gumminess) W nfign saenndoaiy

A15199 5 AYWUUAIIUTDURBDKARN U AL UDIEU

Sadnvasdrumaiuiinnigaileiiouiuis
nAaesBuY KAndmITeddnuasineiif uasd
ANUEAEY Fap57991 4 Fanafuimiidu
asinea (Gelling Agents) udrdadu ansifiu
ANUtunila (Thickener) awsﬁam%’uﬁw (Water
binder) vhlvidoduiaiidnuasduniauazdangu
Nt [11], [12]

AZLUUAIUYIUNNUTEAMFUNE WU
AZWUUANNYDUAMGNYYIUE SauF dnwase
Usng dloduda wavmnuveulnsTinvedds
naaesil 5 dadluvestiaanensadeinaRy
Wiy 0.5: 0: 0.5 TAzUUUATINYEUAIUE nAu
savd uazaureulassgeian Sainiu 6.0,
6.9, 6.1 uag 6.3 MUY

Aweans s Y Sunau AZUUUAIIUYDUNSUSZAMMEUAE
iha nan wAdiy g nAu savIR anwaz  edudd  Avwuveu

(x1) (X2) (X3) Usng —
1 1.0 0 0 6.1+0.2 6.7+0.2 6.0+0.2 5.1+0.1 5.8+0.1 6.2+0.1
2 0 1.0 0 6.2+0.1 6.5+0.1 6.0+0.3 5.1+0.1 55+0.1 6.2+0.1
3 0 0 1.0 6.3+0.1 6.8+0.1 5.1+0.3 53+0.2 6.2+0.1 6.1+0.2
4 0.5 0.5 0 6.1+0.2 6.5+0.2 53+0.1 5.4+0.2 6.1+0.2 6.0+0.1
5 0.5 0 0.5 6.0+0.1 6.9+0.2 6.1+0.1 5.3+0.1 6.0+0.1 6.4+0.1
6 0 0.5 0.5 6.4+0.2 6.7+0.1 5.1+0.2 4.9+0.1 5.3+0.1 5.9+0.2
7 0.333 0.333 0.333 6.0+0.3 6.0+0.3 55+0.1 5.2+0.1 5.7+0.1 6.2+0.2
8 0.333 0.333 0.333 6.1+0.1 6.2+0.3 5.4+0.2 55+0.2 5.8+0.1 6.3+0.1
9 0.333 0.333 0.333 6.2+0.1 5.1+0.2 5.6+0.2 5.1+0.2 6.0+0.1 6.2+0.1
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(n) Adhesiveness (¥) Taste

Pectin Pectin

— 62

— 54

() Appearance (@) Texture
pectn 0. I)p;mlnlm
AN
/N
025 / \Qﬁ
\\
0.50, &50
\
7 X
— 63
- 212 1.03 QO/ 025 0.50 075 '|D||;nn
o su‘gar . . A‘cid
(@) Overall liking (®) Optimum overlapping

3U# 1 Contour Plot vessdamiledveuaa savd dnuuylsing dnuuziileduda
wazAUYeUlneTINvRiAUBTIWAY
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Toyaiildainnismaaey amnmduie
dula wazaureunaUszamduiavesialues
wiy lothunlinsgsinannsadflagds Response
Surface Methodology (RSM) @519WUUS18999714
adinenan3lagldaunsBadu (Linear model) Lito
BBUIANNANNUSTEVIN ANAAINNIYTEEN
Sudafudadefivhnsfne fe Ysuiadiana
(X) JFueunsa (X) lagUIunananu (X)) RGN
Lanem1597l 6 iehaunisTinsatuvenuss
Fawndrenea LATATLULNSNARDUANLYOU
meUszamduiann ms1edl 6 wnadensvaeu

o

13 (Contour Plot) lngfiansananizamanyn

Fusand Snvadang eduda uazeumeu
Tngsa fagui 1 (0)-a) anuiinsidouiu
f'ful,ﬁamﬁyuﬁiuﬂﬁﬁmLﬁaﬂqmﬁmmzau fagu
# 1 (@) wavihmsi@eniiuiindezuuunnurey
1NN 5.5 (veulantes) WulnasilunisAniden
fudiimnzaunudn aumnzauveiuna

v '
° a

WM n3egR3n wazinaiy tugnsdalueuru
fugu Tneduinuthmaglurasiosay 40-70
YSinansadesnagly 9aedeuay 0-5 wazUSunu
wedueglutisiesas 30-55 daldaunsiinsadu
Aldanmnsaliiiovuneanuduiusvesdiunay

sodnuuzAuN RISl [14]

A5 6 AUNTINTATUVRINSWAWTEIVBUAE TavIR anwaizUIIng anvazilleduda LazAuYey

1A859UVBINALUBDTTHY

Dependent variable ; y Predictive Model R®

LLSﬂﬁﬂmﬁmﬂJaﬂLﬁ]ﬁ (Adhesiveness) = 975.97*><1 +680.06* ><Z+725.44*><3 0.93
8 (Taste) = 57 +5.7% +4.9%x 0.90
dnwaugUsng (Appearance) = 5.28% +5.12% +5.24"x 0.90
Snvailoduita (Texture) = 501" +4.57% +4.69"x, 0.91
AuvaUlaesau (Overall liking) = 515" +4.99"x +5.13%x, 0.88

wnewe x = Usinauhna x, = Usinmnse x,= Ysinasnadu



RMUTP Research Journal, Vol. 14, No. 1, January-June 2020 67

a | & aad A &
M1519 7 ANIBLABILLBNEAIN (AW) ANE AN LUD
dUid wazoaAUsEnaunILALveg

faruedusiu
AN sfatuaTusiu

AemosLaniIA A) 0.49
ANd

L* 30.4

a” -1.4

b* +11.2
@mmmﬁaé’mﬁa

Adhesiveness (g.sec.) 945.11+18.26

Hardness (N) 562.56+11.21
Cohesiveness 0.85+0.02

Gumminess (N) 452.12+14.26

23AUTTNOUNINLAI]
Aty (¢/100¢9) 9.35
181 (¢/100g) 1.79
Tagiu (g/100g) 1.08
1UsAu (g/100g) 1.82
Aslulaisn (g/100g) 85.96
1hana (g/1009) 35.45
Tfiea (g/ke) 3.42

3.3 AMATNNINNIBAINLATDIAUTENDY
\niivawdndneiiaiusduruduwu
Sugavin
mamﬁmﬂﬁﬁaLU@?LLNuﬁuLLUUﬁIﬁﬁ@mmW

1 endeglulnudinadusuuns Snvniiloduia

fuseBamilervessa wilen NYUAIR Lazed

UszneunnuaiivewdnSasiiaueIwrusuluy

v

ildann mManaaes wudi duienags Yaeliien

A WU 0.49 fans1eil 7 FeTauedunudnan
Wuemsui ﬁiﬁwé’dmugﬁ wiotfuemsfiden
ﬂ%u’lmﬁﬁmwﬁ;'} (Low Water Activity Food)
BN A Youndn 0.6 fiAuBu (Moisture Content)
Yoy (sninfevas 15) Wietesfunazaiuau
QaunIdivinliewnaidomds v 31 Bad woy
wuaitide [9] sulfaluedusuaiunsatiuly

d

Tourungaumaies Tagliwinde lidosuidu

q U
v
= I3

witetinasfulufiuds iesnwinuainuas
Feafusnuluussyiasifivnzan wazauau
AuFuduing (Relative Humidity) Tiauite
dosfumagaingy

4. a3
AswAnndnsusidauesunulduataues
fiflszoznagn @iedevay 100) wielwilsaninu
5353 Inellusnsrdruiosavedseth 70:30
Taehnidn 3sldndnfausifiinuansalunis
gannyd LLazmﬂmiﬁﬂmqmﬁmmsamm
wAnAtusisTaLUeTuHY WU grsiilauniseensu
nguslaa fdndruesUTununiaeglugag
Jowar 40-70 Usuaunsadesnaglu 9isdeeay 0-5
warUTua wadueglugieiesay 30-55 ve9
Ymidaunausau 46.5 nda Taeildnemeiuen
A3 0.49 Ynamnuiudesay 9.35 Taetmin
Wi Fefiorndundndusiomisuis Imsg_jmsﬁ
wnzananauislunditavildduuuamelu
msauRanSusnaliinevlaununely

5. inAnssuUsENA

ANzERIBveYaUAN IInedumalulad
wmsad LU Alvuatuayunidouazde
advayulinuidediSegasingd
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A1SANEINEANTTUNITHT N VB ULALAFLTIAUAT
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ailgnd dngdns™ adpAia vruzna’ Wue I¥191w’ susy ATITENA’
UVINY JUnana’ Laggasss gasnninana’ uay ansans nadsuinialy’

! AEIMNTINATENS UNINENTURUATIYENT

2 udmalulaglaveuayianuriend ddnauimuningimansuazmalulaguiend (MTEC)

> Inendemalulaganamnssy smingdewmalulagnszasundmssuasivile

' 85 auulyade-invgau fuauloswrila 811n0315uE151U Swinguasivsill 34190
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unfnga
mAfeiingusrasdifiofnwmginssumasnindvesmufaussdusuuunesinoanase
Inglaiswamansvosluaeaiuin (Computational Fluid Dynamics, CFD) %uwuaﬁ’waaqgﬂaﬁywﬁu
Taeldlusunsu Fluent 6.3 lngldvinsAnuviuazairsveviuniiufivesuvusaesludnumy 3 7
(3D - Model) fiflumnawinfunildanuaie Famailsanuuuiiassezgniudunasionismeaassain
ns¥aguufifigasne q seuiimaza Uy uenantdiinuiisuifisunamsdanssening wuia
wuuneifReanesALUURLAN (Conventional Bumer) BsfiyuBeainty 90 par uagapaeiniy
90 94 (CB-590190) uazimuAanuunesAnoanedafifiuaaliuummau (Swirl Bumer, SB) My
WAzHlBEauRIgiIA LAY 2 JULUUAR 11 SB-S90I13 uazim1 SB-S30190 9nn1sAn® wudn
oaumgiifilsanuuudiassueasn CB-590190 fgamaiilndifssiunisvmaans Tnsdidinaiaindeugsan
liifiufosas 9 uazaINKUUIIRLY WU W1 SB- S90I13 Heaumgiuas Heat Flux 89n31um1 CB-S90190
IneflAgegauintu 1,445 nadu ke 5,291 Taddons1auns auady Fouandliifiudn 1 SB- S90I13
fmgAnssumsnlnfuaznisanemauieugavuefiininm CB-590190 Jsdawalviuszansnimids
AUTBUTDUAT SB- S90I13 Andum CB-S90190 uarlnefnidusauazveinsusendawiniu 6.93

AdAgY : warnansvaslnalain; Wiuiawuunesfneanase; N3 aLuUILIL; wRNTINN SN g

* g’ﬁwus‘tlszmww Tns: +66 4535 3309, lUswalddsannsaiing: anirut m@ubu.ac.th
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Abstract

The objective of this research is to study the combustion characteristic of a low-pressure
vertical port burner using computational fluid dynamics (CFD). The simulation model was
created using Fluent 6.3 in 3D-model of the same size of the burner. The CFD results were verified
by measuring the temperature around the burner head and a vessel. Moreover, the results of
conventional vertical port burner, having the swirl angle of 90° and the inclination angle of 90°
(CB-S90190) and two swirl port burners (SB), being SB-S90I13 and SB-S30190, were compared.
The temperatures obtained from CFD and experiments were similar, which the error was less
than 9%. From the CFD’s results, the temperature and heat flux of the SB-S90113 burner were
higher than those of the CB-S90190 burner. The maximum temperature and heat flux of SB-590113
burner were 1,445 K and 5,291 W/m?, respectively. It was implied that the combustion characteristic
and heat transfer to the vessel of SB-S90I113 burner was better than that of CB-S90190 burner.
It was resulted that the thermal efficiency of SB-S90113 burner was better than that of CB-S90190

burner, which was the percentage energy saving of 6.93%.

Keywords : CFD; Vertical Port Burner; Swirling Flow; Combustion Characteristics
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[4] lsusudiuusaiinyseansamdsanudey
vaumuiansaulagadenanvyuieuninusou
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fianuaulalunisdneinisiinuszandnmids
AUTDUVBUALAARTIAUES Foduruaniild
wigaandn 5.79 Aladad [5] vsen1uvisnain
Fendn Wil vive Wi KB Fadumuiaiillve
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foU1 W.A. 2558 Ch. Prakobdee et al. [6]
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Uit 1 Fuduwufaviaussiuilaefivunm
nslduiia LPG geaniivs 5.78 Alaine Fafins
FALUAIRILAIALUULANUUULIDS ARDANDIA
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audafilaann CFD fanudenadastuiunis
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Wichangarm et al. [10] wag A. Matthujak et al.
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puraLadeuliliudosas 3 wasmuin CFD
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owlosnauideves T. Chanakul et al. [12]
wenani gainsfinunAnwinginssuniswnlugd
yaunosAneanasaiisinislnauuunyuau
(Swirling Burner, SB) tU3sutisuiuiamuuy
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2. 52 UBU3599Y
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A1y 2 JULUU ABlm SB-S90I13 wagimd
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Ch. Prakobdee et al. [6]

) L1 CB-S90190

) 1,11 CB-S90190

b

p=13

M) L1 CB-S90190

3UN 2 dnuauzian
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TunsfnwadaisniAn Mass Flow Rate
way Mass Fraction ¥4 Iwsiwu Junu lulasiau
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T. Chanakul et al. [12] fauandluguil 3
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i | ]
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CsHs CaHio N, 0, Mixture

Mass fraction
Mass flow rate x 10° (kg/s)

Ui 3 Sasmslvaidesna (Mass Flow Rate)
LAZENTIAIUTINIEA (Mass Fraction)
vesduUsznouluvionaunuly
i Firing Rate (Fr) 14 9 [12]
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Tuzuii 8v) Tudhuveani SB-530190 finmsiwndleni
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Abstract

This research objective was to apply thermoelectric module model TEC12710 as a
preheater and dehumidifier for red chilies dryer. The heat side and cool side of Thermoelectric
module affected by supplied electricity were used to produces the low humidity and warm air
in preheater before charging to the main electric heater of dryer. Fresh red chilies were
selected as a sample in the prototype testing during the use of preheater assisted main heater
and using only main heater. The test results are compared with the sample dried under the
natural sun drying. The experimental results show that the preheater can condense the
moisture in air with the highest MER of 0.083 kgwaterh’1 at cold side of thermoelectric module
and can heat the air up in 10°C of temperature with hot side of thermoelectric module.
The final moisture content of sample is only 10%wb with the slightly changed in color when
compared with the sample from sun drying. The using of preheater with main heater gives a
higher specific moisture extraction rate, lower specific energy consumption, 14 MJ energy used

and can dry faster than 10 h when compared with the using of only main heater.

Keywords : Dryer; Thermoelectric Module; Chilli
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Comparative Investigation of a Subcritical ORC,
Supercritical ORC, and Trilateral Rankine Cycle Power
Plant for a Heat Source Temperature of 210-250°C
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Abstract

The performance investigations of subcritical ORC, supercritical ORC, and trilateral
Rankine cycle (TLC) power plants with the heat source temperatures of 210-250°C were
conducted and compared in this study. Several working fluids were evaluated. A MATLAB code
was developed and used in this study. The thermodynamic properties of the working fluids
were calculated by using NIST REFPROP program. The justification of the code was validated
with a result taken from the literature. The optimal operating conditions were searched using
the golden-section technique. The maximum net output power of 141.72 kW was obtained
when using the supercritical ORC plant with R141b as its working fluid and the heat source
temperature was at 250°C. The corresponding cycle efficiency was 16.25%. When using the
subcritical plant at the same heat source temperature, the maximum net output power of
133.40 kW and cycle efficiency of 15.70% are obtained when pentane is used as the working
fluid. Furthermore, the net output power of 133.82 kW and cycle efficiency of 14.90% are
obtained when using R141b as the working fluid in the TLC power plant. According to the
off-design simulations, an appropriate adjustment of the working fluid flow rate can mitigate

the variation of the net output power.

Keywords : Subcritical ORC; Supercritical ORC; Trilateral Rankine Cycle; Off-design Simulation;
Working Fluid Selection
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foudlviruszuuuazanwemaielildndany

gvslndfesiuannlieanuuuly

2. 52 U8U5W
2.1 wnsdyaneal

W = danamlussuu kw)

0 = davanewanudouluszuu (kw)

h = A1 Enthalpy ¥89a1591191u (kJ/kg)

mo = sansiva (kg/s)

T = gungil (°C, K)

UA - §wsiivsuenisvuinvesgunsaiuan
\WasuAuSou (KW/K)

C .~ = naguitdeviigauves i uaz C,lu

gunsalwanasumuiou (KW/K)

AT,, = wasnsesgamgiifivoniignszwineans
vufuindsnuiou wieuvaiii
auiseu vogunsaiuanidsuaieu
(°C, K)

Usgansnwlowulnsin

Misen =

n, = Uss@ndnmteanmiou

hs = unasanuiou

of = umdsemudou

wf = @ svineuessyuy

cond. = Condenser ¥9433UU

evap. = Evaporator 983438UU

tur. = Turbine #5® Expander U8455UU

2.2 NN5LABNENSTINGU

Tun1sdnaesszuvaziinisldnannisiden
msﬁ’muﬁmmauﬁuqmmﬁﬁ 210, 230 way
250 pafaded N9 EoNa v NuYeLInans
1991591 U Subcritical Ingnannsidenansyingu
Aldazidenlaglvilonmniingaminfugumad
uuaIANLsou [16] warlnenannisidenansyinau
druszuuuuuinginslenduuy Supercritical
sgidenlviansianuiigamgiingaiiningumygd
UAIANNTEY 30-50 DeAwATYE ANNNITHULTN
Y0INIANYI J. Haervig et al. [17] wagludiu
¥4 Trilatral ORC &elufiinauailunisidenans
711911 1083gNSHLAUTINISIEDNANTHN9U
21NN153971894

2.3 N1359189955UY
n1si3naesszuvlseneulusaeg 3 szuu
ADIEUVYR9TYINTLe15TUUY Subcritical,
Supercritical way Trilateral laggunsainig
mfeuiltluipdnsidusgui 1



RMUTP Research Journal, Vol. 14, No. 1, January-June 2020 101

4

CONDENSER

PUMP
JUN 1 gunsalildlunisdnaesiginsleasd

Subcritical, Supercritical tae Trilateral [14]

lnganwauzuos T-s Diagram ¥8338uy
Subcritical, Supercritical Wag Trilateral iy
AIUN 2, 3 wag 4

Temperature (K)

N

Entropy : s (kJ/kaK)
3U#1 2 T-s Diagram n159188913nsleansd

Subcritical

Temperature (K)

Entropy : s (kJ/kgK)

U 3 T-s Diagram N139188913nsleans®

Supercritical

Temperature (K)

Entropy : s (kJ/kgK)

5Uf 4 T-s Diagram nsdhaesindnsleensd
Trilateral ORC

s2uUgnsleensd T-s Diagram 913U 2,
3,4 LLazqﬂﬂiaimqmm%'auﬁngﬂﬁ 1

AszUILNg 1 89 2 WBunszuaudl Pump
Wunsssuluansviey

AszUILMS 2 89 3 WJunssuauitansvhen
15U wdeuaudauaInwrasn1us oud
Evaporator

AszUIuNIs 3 89 4 Hunszuaud Expander
AAANAULAZUNNIUDDNLIINAITVINNIU

AszUILMS 4 89 1 Junssuauiiansyhen
vhaudeuiielt Condenser

N1591984303n51001539311N131191UA
Lma'nmm%'auﬁLﬁuﬁwﬁqmugﬁmﬁﬁ’u 210,
230 way 250 esmwadea fsnsinislua
Wity 1 Alanfusledundt warligamgfivesiy
waoduinfu 30 ssmwadea wazdlevinis
waeldundafigaumaiivindu 40 eswadua lay
%ﬁ’lmimmuqqqmﬁ Pinch Point Temperature,

isen, pump = 075

uay 7 =0.80 %47l J. Radulovic uag N. . B.

isen, tur

AT, w1iu 10 osrwamed, 1

Castaneda [18] lougi Tnensyuiun1sinass
PONUUUTEUUININIleo1sFaldn1sWaun
TUsunsu MATLAB Tun1sdnaes nszuaun1sa1aed
LARIAIYRIITY é}’qgﬂﬁ 5
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1n3UT 5 wdunisdaesipginslestsd
Tngnssaesias e sinnsivuafYeuLATes
mneuliinazifuaiiuiudl Condenser way
Evaporator afisgumgiivesasianuiioonain
Evaporator #28 waqldnszuiuni1s Golden
Section Search Method Tun1suiAInBULE?
nyaaaeui AT, vosusazgunsaiiudelngidns
10 smwalea viseld drlnduarnremnauly
Lwiazsé’m’]mﬂuasuaﬁmiﬁwmmLﬁawmugjaqm
leluusiazansvinnu uazsdugunsaluanidey

¥1n Counter Flow

Select m,yr and

set initial condition

A

Estimate condenser

pressure

A

A

Estimate evaporator

pressure L
.
No .- N
- \\
<
——————————— <7 Ar =10 >

g

= - ——— —, \\ /”
< 5

1
" Estimate working ]

1 fluid temp. out from

Calculate ORC

Parameter

—-—-. Add on in supercritical

3UN 5 faunis91aes Design

mMsoanuuLanunIseenLUULieyIuLas
AUl 210, 230 waz 250 ssrwadea Tl
lunisnaandsulaneviinisniiuuaai Pinch
Point Temperature ELuLLGiazqumajLLaﬂLUgﬂu
ANMUSAUVNAY 10 peAwaled waziuualn
qmmﬁmwﬁmﬁmﬁwﬁmﬂﬁu 10 parnwaiTea
meanlasuauseu Inemuualiinasniusou
Wuiidausuyinfu 10 wangUrdaana
wareRsINIsvalinau 1 Alansumeiund

2.4 N159189932UU Off-design

N98UUNT9YN Off-design INn15L@0N
ansfivhaufiuiaulaannisldnuasudins
1803l IR DULAL NN TVDIULMEIAIY
%’amﬂ?iEJuLLiJaﬂﬂﬁqmmﬁmaumddmm%’au
Wasuulas 5 ssmwaidua wagligumniives
dmdefu +3 ssmwaied Tngldaaiilaan
Tdnsiidwiduanedldoenuuulife UA veq
gunsaluanasuaudeu udlianaudud
Condenser, mmﬁuﬁ' Evaporator, qm‘wgﬁmm
ansviudiesnain Evaporator, Pinch Point
Temperature waza1duqUsuLUAsuly Tag
N3¥UIUNITIIE0Y Off-design syuuininsleaisd
azllusunsy MATLAB Tun1sdans nseuiunig
msdaesazdulufaianu faguil 6

1n3UT 6 wdunsiaesipginslestsd
Tnedosnsildrmfulsi UA vesszuumilou
fufivhnnsesnwuulilaeazyhnisudsunyasen
QUUNHVBIANININGON WU DUNONUNAIAIY
$ou uargungiiuvasisnuieudsuntadly
Tnglszuuinisususueaiielildnuiimigu
TneBuduazriinissiasssruindedinanine
Off-design azdanaseslsnoszuulngnvunnn
Busu Wy A1 UA vesgunsaluanivdsunnuion
9951115 Mav09d15191U wavarsnaeLiu
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Juduldin1smAunlaa Nz ULaANE)
NaNSENU fau1dzyinnsasulasensinisiva
Yasszvuriialvlaauvinduainuilaesnwuy

Set initial
condition

A

Estimate working
fluid mass flow rate

No

UAcong = UAcong design

A 4

Estimate condenser
pressure

y

Estimate evaporator
pressure

UAazp = UAauap desien

UAeap =

UAevap desion

A 4

Estimate evaporator
pressure
No

Estimate heat source
temp. outlet evap.

3U# 6 Hanunisinaes Off-design

UAziap = UAavap desion

Calculate ORC

Parameter

2.5 NeiineItas
aumsmamneulaufindildlunissiass
LAnaFIEINTSA (1)-(10)

2.5.1 gumsilalunissnass
ORC cycle

NTEUIUNIIILAAT Pump

W = muy(h,—h) (kW) (1)

NTEUIUNISILAAT Evaporator

O, = my(h,—h,)) (kW) (2)
AsTUIUNISTiAT Expander

Wou = mu(h—h) (W) (3)

ASEUIUNNTINATA Condenser

O = mylh—h) (kW) @
TUENDVRITZUY

Vi/ﬂet = Vi/out_ Vi/in (kW) (5)
Heat exchanger UA
Log mean temperature difference

method

07 N R G (6)

AT, K

Im

— (7"}1”_" e out) (T;q our ¢ m) (K) (7)

I
" ( hin cout)

lo
( hout — Le m)
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Thermal efficiency

n, = W./mxIOO% (%) ®)

Q.

Isentropic efficiency

- hh ©

nisen, pump h
2

nisen,tur = hB _h4
h3 - h4s

(10)

2.5.2 ansvirenitlilunissiassvasipinsleans

ANYDIYUNNTLAZANUAUIAINGAVBIANT
auildlunisdrassszuuiginslesifduan
Fas1adl 1

M157199 1 Qm’wgﬁLLasmmﬁuﬁ;m%ﬂqmmmi
yMuINtUsHASU NIST REFPROP [19]

Name T ..0CO P .. (MPa)
Octane 296.17 2.50
Benzene 288.87 491
Cyclohexane 280.45 4.08
Heptane 266.98 2.74
Cyclopentane 238.57 4.57
Isohexane 224.55 3.04
R113 214.06 3.39
R1d1b 204.35 4.21
Pentane 196.55 3.37
Isopentane 187.20 3.38
R245ca 174.35 3.94
RE245fa2 171.63 3.43
R245fa 154.00 3.65

Isobutane 134.66 3.63

3. nan1sAnELazanUsIuNa

3.1 Validation

31NN1591894N159119U03 T Insloan5T
srvhnsesdisudisuiuniseaulnenSeu
disufuindnsloensdidouin 1 wnngind
[20] Wad1apIszuUns ORC ludliuvesluy
Supercritical Subcritical ag Trilateral Ingvinnas
WisuiieuiuAfivhuSeudiou Tonadmnsis
12,3 uay 4

A1919% 2 wansiTeuLiisu Supercritical ORC

Result Error

Parameter [20]
value (%)

Supercritical ORC

7,0 12785 13361 144
T (0 121.14 12507 1.00
T (0 7579 7550 0.8
1,,(%) 1863 1896 177

M15719% 3 wanTsiUSeuisu Subcritical ORC

Result  Error

Parameter [20]
value (%)
Subcritical ORC
'I"1 O 123.26 122.88 0.10
'I'6 Yo 13555 133.97 0.39
T8 0 75.2 75.88 0.05
1,,(%) 1727 1706  1.22
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M15719% 4 mansiUSeuLiey Trilateral ORC

Result Error
Parameter [20]
value (%)
Trilateral ORC

T4 Q) 85.00 85.00 0.00
T6 0 97.38 97.32 0.02
T8 0 75.00 75.00 0.00
7, (%) 19.79 19.79 0.01

AN 2, 3 uar 4 WuINnTIAee
Supercritical ORC ﬁmﬂmmlﬁ?ﬁ'auaﬂﬂﬁqﬁaaa:
1.77 saeiifesay 0.08 Tudruwes Subcritical
ORC flrAaaindeugeiigniosas 1.22 fani
$ouay 0.05 uwag Trilateral ORC frnAanaindon
gufignienas 0.02 faniifesas 0.00

3.2 Design
3.2.1 1135318849 Supercritical ORC
NATBINITI1809 Supercritical ORC

o

gaunnEWinulanadsgun 7, 8 uay 9

170 - heat source =210°C
= « = heat source =230°C

2150 1 = = = heat source=250°C ——
2130 - -
]
E110 - e =11 —1- =
‘0
“ 90 - [

70

120 140 160 180 200 220
Critical temperature (°C)

PUNNNINGAYBIETYIN91U Supercritical ORC

MnHansiasanUE Ty uATgumgd
Ingasiniunanudeuinfu 40-50 e
waidua szannsalinugrsgsiiaeluasgamgl
WHANALTOUTENTIN 210-250 DeAwaTid way
dlovnsiuieuiisufunisideass J. Haervig
et al. [17] wildndimulndifesiulagazlsos
luyis 30 seAnwa@ea B9 50 amwalTya

200
heat source=210°C
o F 150 - = « = heat source=230°C
EE = = heat source = 250°C
=5 i
-EE 100
-]
i:
%;E 50 4
e,
0 LI S B B A e e |
120 140 160 180 200 220 240

Critical temperature (°C)

5UN 8 nemuansrudiussEnI1eenIINTg
Ve eiIvesasvineLly Expander uaggumail
INGRVBIEITVINIU Supercritical ORC

Esgg ] heat source =210°C
& | - e
600 - heat source = 230°C
2 500 - = = heat source = 250°C
4 4
£ <00
= 300 A
EZOU 8 ..

] ~—
E 100 S
(ST} B

120 170 220

Critical temperature (°C)
JUN 9 n9vuanIAUdTUS TEIeANLAUN

Condenser WargMRYHINGAVDIATVINU
Supercritical ORC

Tneilefiansannisvenedafiaguil 8 ez
eldamavinuiitonmgTingrgsduazsili
FNIINITVYIYAIVDIANTNINUNGIDDNIIN
Expander tuildiiusnniunaludae feduwa
Tvunes Expander Svualuganulusoua
dlefiarsanaanusudl Condenser Hu 9ngUT
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9 aziiulginlimsldarsvihanuiviligumad
AnqwitvinliisALiu Condenser sndnAnusiu
UsTEIMAmNTIEo1RgyhTlanafienadadly
wanivansvinnule

3.2.2 N15391a94 Subcritical ORC
NAUDINI3INADY Supercritical ORC Iawa
Fa3UM 10, 11 uae 12

200 4 heat source = 210°C
180 { = « = Theat source=230°C
~ 160 | = = = heat source= 250°C
5
£, 140
'5120« P
= Lot .-
« 100 - - .- ‘-
@ -~ .- 0~
Z 80 4 ” .
T
60 -
40
100 150 200 250 300
Critical temperature (°C)

UM 10 n3mllansnuduiusseninsugns
warguuniingauesansvinanunlilunisiass
Supercritical ORC

35 -

heat source =210°C
30 1 — . = heat source =230°C
= 25 | e = heat source=250°C
K- ] -
T = 20
£ =
ts -
g% B -
2 g 10 - -________—————'_—_'
a -
7] fa' 54
b,
0 T T T .
100 150 200 250 300
Critical temperature (°C)

JUN 11 nsmluansnnuduiugseningsng
NM5U818AVRIE59UTY Expander
wazgnIingavesEnsvinunly

Tun1391a09 Supercritical ORC

?600 1
& 500
heat source =210°C
E 400 -
$ 200 \ = « = heat source=230°C
2 ) = = heat source = 250°C
€ 200 - N
=
< 100 4
g
[T T T T |
100 150 200 250 300

Critical temperature (°C)

UM 12 n3mluanspnuduiusseninemiuiu
#1 Condenser uazgMMN)IINgMUBIETYINNY
Malunsdnaes Supercritical ORC

1NHANI53188397 7510915 FUUU
Subcritical faguil 10, 11 waz 12 9nunliives
Nugvsdeaamgiingmazlidinisidenalsinu
Inglvigungiingeila1uszuingun)iunas
ANuTeu fadesnitgumnaiunaiaiiuseu 40
psmiwaldea alsnugvgefian uaziilefiansan
f49nIINIVEAIUALAIUGUVRY Condenser
zfiwunlduufelnuitaesiginslaonsduuy

Supercritical

4.2.3 115318949 Trilateral ORC
NAYDIN1531a99 Trilateral ORC lanans
U7 13, 14 uaz 15

200 -
heat source = 210°C
180 | «= « = heat source =230°C
-~ = = = heat source = 250°C
= 160
& s
-
£ 140 - -
E -
& 120 1 - e ———
z. e
100 -
___d_,_,_,———'—'_'_'—h
v+ """
150 200 250 300
Critical temperature (°C)

JUN 13 nymluansmnuduiugseninsnugns
wazguniingavesansyhauildlunisdnass
Trilateral ORC
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1200
heat source =210°C
1000 | = « = heat source=230°C
< 800 - = = heat source = 250°C /
s
Eé 600 - /
i
2 5 400 %
S_ P
e 200 -
e
0 T . !
150 200 250 300

Critical temperature (°C)

Ul 14 nsmluansaudisiusseninagng

n3venemIvesen iyl Expander uag

gumniingavesansviauitlilunisdiaes
Trilateral ORC

. 350 -

"

E 300 -

o heat source = 210°C
B = « = heat source = 230°C
E 200 — — heat source = 250°C
2 150 -

£

2 100 -

£

T 50 4

o

© 0 ; : .

150 200 250 300

Critical temperature (°C)

3UN 15 nevliansanuduiussenineminuduy

# Condenser kargaMIINgAYBIA1TINU
lalunisdnaes Trilateral ORC

91NNATDIN1391a89918839 35108153
WUy Trilateral aziiuldiBsansyhauiigamad
AIngeagsagrilinuavsildtugmuedigd 13
uazdsguT 14 uag 15 mnltuvesnsveneives
anvuiuul U ULAE IR UN1TTIa0eI g
1991358UUU Supercritical waz Subcritical

a

Tnginaainisidenarsyiaulagldgamal
INYAVRIAFNULENINTUITAIINTVEBF7
284815719707l Expander way AauFud
Condenser laifnitanuduusseiniavgiiiu
I§inmsdenasvhanuiifgamgiingnszning
180-210 asrnwaidua dviuuvasamuioud
210-250 83f1@aLged

Tnenssraesdiouiioulngldinduans
vaumuhnsiihduasimueshliganms
ve10/lu Expander iAnganniiosnionmgd
Ingrgaileiisudvansheniiduasvhanudu
Toedflewiniu 373.74 ssmwaia Lofiansmn
NN3UT 14 aiuldindnsnsvenesiazgade
9auNIINgAYRE TS

3.3 @1sdnaesfimanzaud nTunigungll

Ua9ANEaU 210-250°C

NNNAVDINITINGB9T)IN5Le815TUUY
Supercritical, Subcritical wag Trilateral e
Mmsiasanansyhauiivngadldnadmiss
s

navesnsiiaeadiothasyiauiiuzay
1AgfinNTUINUANTEIER VUIAYRIRUNTAINN
pufoudmnsed 5 udulotSoufisunaves
qwqu%ﬁlﬁuu&iazqmmﬁLma'ﬁmm%fau UA uay

@ o o

9M31N15918MI0981591197UlU Expander leina

o

m‘gﬂﬁ 16, 17, 18 uay 19

A13190 5 a1simunganlunisdiaeaiging
lop13aNgaungilunasninusaumingu
210-250°C

Type T, (O (kg/s) Working flud T (°C)

critical

210 3.00  R245fa 154.00
Sup. 230 3.00 R245ca 174.35
250 3.60 Rl4lb 204.35
210 2.60  RE245fa2 171.63
Sub. 230 3.00 R245ca 174.35
250 1.60 Pentane 196.55
210 1.60 Isopentane 187.20

TLC. 230 1.80 Pentane 196.55

250 420  Rl41b 204.35




108 21551539 SUAS 98 ums.wszuas Ui 14 avuil 1 unsiau-dguigy 2563

180 4 Bheat source = 210°C
160 4 Oheat source = 230°C
140 | Bheat source = 250°C
g
% 120
# 100 -
2 so0-
2 601
40 4

Supercritical ORC Subcritical ORC  trilateralcycle
ORC
Configurations

a

UM 16 NugrisveInIsassuaazaunl

Y

NNANITINABINUIINTTRRIINTToanS
Fuuv Superaritical Ifsuansgeamilawiouiulu
Prgamgiieaiusisguil 16 lassugrsiinlide
141.72 Ala¥od asvhan R141b ignmgiiunas
AUTBUIINAY 250 DeFATEE

venaniludesnisiaesiginsleansd
WU Subcritical lfaugrBgeansiaguil 16 Tngau
avisTivinléfAe 133.40 Aladnd anssianu Pentane
gaungiiundinnuieunindu 250 ssrnwadea

Tuduveinisinassinginsleorsduuy

Trilateral lfaugvdgeandagui 16 lnsnuans

a

Wilade 133.82 Alaind a@1391197u R141b 9
gauMilumaIAIUToUIINY 250 BemwaYE

80 1 Bheat source = 210°C
~ 70 Oheat source = 230°C
§ 60 - Bheat source = 250°C
$
T 50 -

g 40 1 =
E 30 - —
S =
<2 =
= 10 =

0 =

Supercritical Subcritical ORC trilateralcycle
ORC ORC
Configurations

a

SUN 17 UA YBIN1TINADUARLDUNON
v condeser 1

Y

80 1 Oheat source = 210°C
70 Oheat source = 230°C
Qheat source = 250°C

Supercriticall ORC  Subcritical ORC trilateralcycle ORC
Configurations

a

VBINNIIADIUARLRUNN

U

U7l 18 UA

evaporator

€aN

PnuaTeIN1TaeuileRasanasThaui
wingauvesgungiunasnuTeulu 210 -
250 23R WU TRV Heat Exchanger
Evaporator (UA) Hhufinssasuy Supercritical
%ﬁmumimﬁﬁqmLLaziaaaamazLﬂu Trilateral
wa Subcritical mudsuLilasaingh Supercritical
%L*’T;JumsLﬁuqmmﬁ%aé\’aaqaﬂdm@%ﬂqmsuaams
vihau silden UA g usislewfisuiiu Trilteral
LEgAMYigeEnTBIaNITNLaLATINgANgAvDS
ansviau vl UA agdindn Supercritical wax
Tuduves Subcritial azdufidveanisivdsy
Phase laiAsuniasgugdl vilvie UA tesiian

Tuduvesvunn Heat Exchanger Condenser
(UA) 5uwm'ﬂum3a1°waaagaﬁqmzLﬂmjaﬂ
Trilateral sp9asunazidu Supercritical Wag
Subcritical mudiy fagud 17 uag 18 Tngwina
193 UA Juagfuiinvesamianudag
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140 - [heat source = 210°C
Oheat source = 230°C
Bheat source = 250°C

[

5 20
£ v B

Supercriticall ORC  Subcritical ORC  trilateralcycle ORC

Configurations

SUN 19 9RIINT5V8FVBIETIINIU

v

Expander v8en13dnaesinaygungil

91NN1591a098agUR 19 wudndasinis
YYIFIVDIANTVINNUIINNTINA0IInsTe05T
WUy Trilateral azdinsvenesigsiian sesasn
\Ju Supercritical way Subcritical muaIFU
Ws1zdnsdiaeauuy Trilateral agifu Phase
melu Expander 91ngdiansviaudu Liquid
Phase 1u Mixture Phase éﬁ'ﬁg"dﬁ 4 @
Subcritical wae Supercritical a¢liinnsaey
Phase Tu Expander

Tagguil 20 wudBsundsaudeugamgdl
geazyiliUszansnmdegenulufie wazain
HAN139188INUI1N13918091)3n5100715Th U
Supercritical aglsiszansamiBannuTougsiig
%oy 16.25

30 1 @heat source = 210°C

Oheat source = 230°C
Bheat source = 250°C

Thermal eficiency (%)
vy

Supercriticall ORC Subcritical ORC trilateralcycle
ORC
Configurations

gﬂﬁ 20 Thermal Efficiency 9840113391804
IERERRIVE
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3.4 Off-design

Off-design Lﬂuﬂﬁﬁi’waauﬁa@mw‘hmu
vasszuudieuvasudounasundisnusey
Aansildeundas Taeviinissiassliuna
sumglianuFeuaunsaasundasld +5 oem
wadya wargamgiuvasiisarfouasuutas
16 +3 pernwadoa TnonsaifinTuuanifniss
71 6 uarvuIngUnsalvinAy

a Aa a a a '
M15719% 6 NsANAnNMTUABULUagMTUE
AMUSDULATLAAINIAILS DU

CASE T
hs cf
1 T -3
cf
2 T -5
hs cf
3 ch+ 3
q T -3
cf
5 T
hs cf
6 ch+ 3
7 T -3
cf
8 T +5
hs of
9 ch+ 3

ilefiansanunasninuioud 250 aemn
waWea wuin Wegamgiiunasninuieuuas
gamnfiuna siisarufouvdsuuvadlilag
namsraadlasfiansangvslidmsnsd 7
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= a a a
A9 7 NaURsUgnsilalUasuLUaIg ML
WHEIAUTDULAZUNEITIAIUT DU

\WasuuUas
Case Tri. Sub. Sup.
W, (KW)
1 132.62 132.00 141.68
2 128.01 127.65 136.33
3 123.60 123.46 131.95
q 139.07 135.93 148.86
5 133.80 133.40 141.72
6 128.85 128.02 139.81
7 144.69 143.37 156.67
8 139.78 136.40 152.04
9 135.29 132.33 147.08

HANNSSNADITIANTIeT 4 gl nsdn 1,
2, 3 LAy 6 ¥94N1591809Le815ThuU Trilateral
fisnsnsinaansieuiu 4.2 Alanduseiund
way Supercritical en3INslvaanyinIUAY 3.6
Alanfuseunit aglimuavsimnindilsvhns
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Tsslniuaasauunn (Solar Chimney Power Plant, SCPP) gninauabilulssluimiaden
vl FanuAdelaeimlviiaueitludendydidosnisaiemsaziinugaassuszsana 1 Alawns
inlvineadielaenuaziianlddnelunisneadnaas Isslihuaesauunawuundsades (Sloped Solar
Chimney Power Plant, SSCPP) fidnwaizinufio ndsansusanfiinnudeazdmalissuuaunse
Tidesiidundt scrp dailialddnelunisamusidledioutu scPP uenanil arnnsAnuiikuan
wuhanufeuiisngaamnssylulsemelnedsdidnonmmedazhluliuselonl vnuatedisldiaun
wuuiiaesadamaniiiooonuuulssliiiudesanunnnuundanfuuandosiildauiouiisan
gnamnITU (Sloped Solar Chimney Power Plant Powered by Industrial Waste Heat, SSCPP-WH)
Tasuuusiansgnit validation iflsufudeyanismaaes andumauiavestsslwiafiviild LcoE
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(Levelized Cost of Electricity) fiAnginfian wui1 LCOE samuszanas 0.14 noaansavsgsionlaind-talug
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fuuandouay 36 Taufl SSCPP-WH fflufivdinniuuan 49,000 Mauns ANNgaUaes 45 wns
Snaduszrinsiuiiniianisinefivadmdimiunadenseanudiniunn (AR12) whiu 14 was
anufouiiafiszuuldFuniniy 10 wanetas wenanidamud SpUEIAAUUYRY SSCPP AN
SSCPP-WH Tuunansdl leluallath SSCPP-wH Sszezinanfiunusiindt SSCPP arwdeudisiissuuldsu

famnusauNsruulasuanLEIe indfaadiau1nnIn 0.34
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Abstract

The solar chimney power plant (SCPP) has been proposed as a promising alternative
power plant. According to the literature, the chimney for commercial-scale SCPPs should be
about 1 km high. The construction of these tall chimneys is very challenging and the
construction cost is enormous. The sloped solar chimney power plant (SSCPP) is a variation
of the SCPP. One of the SSCPP’s prominent feature is that its collector is sloped, and then its
chimney can be shorter than that of the SCPP. This leads to a lower investment cost of SSCPPs
compared with that of SCPPs. Also, previous studies show that the industrial waste heat
potential of Thailand is considerable and should be investigated. As a result, this study
developed a mathematical model for designing a sloped solar chimney power plant powered
by industrial waste heat (SSCPP-WH). The model was justified by validation using experimental
data. Then several SSCPPs with different geometrical dimensions were simulated to determine
a proper dimension that has the lowest levelized cost of electricity (LCOE). It was found that
the LCOE is about 0.14 USD/kWh, the payback period is about 11 years, system efficiency of
1.3% and collector efficiency of 36%. for an SSCPP-WH with a collector area of 49,000 m2,
chimney height of 45m, flow area ratio between solar collector inlet and solar collector outlet
(AR12) of 14 and waste heat of 10 MW. It was also found that the payback period of SSCPP
with no supplied waste heat is lower than that of some SSCPP-WHs. To make sure that the
payback period for the SSCPP-WH is faster than that of SSCPP with no waste heat, a ratio of the
supplied waste heat to the absorbed solar energy of the SSCPP-WH must be greater than 0.34.

Keywords : Solar Chimney Power Plant; Sloped Collector; Solar Energy; Waste Heat Recovery
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Nomenclature

v
14

ext

flow area (m?)
roof area (m?)
cost (USD), cost per unit (USD/unit)

specific heat capacity at constant

pressure (J/kg K)

diameter (m)

gravitational acceleration (m/s’)
heat transfer coefficient (W/m’K), height (m)
solar irradiation (W/m?)

thermal conductivity (W/mK)
collector length (m)

mass flow rate, kg/s

Nusselt number

pressure (Pa)

available heat (W/m?)

industrial waste heat (MW)

ideal gas constant (J/kg K)

Rayleigh number

radius (m), collector length (m)
absorbed solar radiation (W/m?)
absolute temperature (K)
thickness (m)

heat transfer coefficient (W/m’K)
velocity (m/s)

power extracted by turbine (W)

Greek symbols

S O ™ Q

absorptivity, thermal diffusivity

sloped angle, expansion coefficient (1/K)
emittance

declination angle

efficiency

o latitude
P density (kg/m’)
Pg ground reflectance
T transmissivity
v kinematic viscosity (m?%/s)
w sunset angle
y specific heat ratio
Subscripts
1 position at collector inlet
2 position at collector outlet
3 position at chimney inlet
4 position at chimney outlet
b bottom, beam radiation
chi chimney
coll collector
d diffuse radiation
f fluid
c collector cover
hor horizontal
J Junction box
P heat shortage layer
r reflect radiation, reduction
t title, top
6. NAANIIUUITTNA
HdeveveunnumIneaewmaluladasuns
fatvayunitouazanuiflunsiidended
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Abstract

The ORC power plant is a promising technology to generate electricity from
low-temperature heat sources. However, implementation of the ORC for low capacity electricity
generation is unattractive at the commercial level. Scroll compressors are massively produced
to be used in refrigeration and air-conditioning applications. Using a scroll compressor in
reverse, as an expander, can reduce the investment cost of low-capacity ORC power plants.
In this study, 2 scroll compressors that are available in the automotive air-conditioning market
of Thailand were modified and used as the expander of a 1 kW ORC power plant. The performances
of these 2 scrolls were compared and the plant performance was investigated. A heat source
temperature from 100°C to 150°C was supplied to the plant. It was found that the gross power
is higher by 18-35% for the larger expander (110 cc/rev) than for the smaller expander (85.7
cc/rev). The larger one provides the isentropic efficiency of 37-76% and the gross power of
806-1,926 W. In addition, the effects of check valve installation were examined and compared
with those of the tests without check valve installation. It was revealed that the isentropic
efficiency increases by 18% while the gross power decreases by 4-22% when the check valve

was installed.

Keywords : ORC Power Plant; Scroll Compressor; Swept Volume; Check Valve
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(°O) (Hz) W) W) W) (%) (%)
40 493 25 4,354 337 6.5
100 a5 794 124 5632 350 13.3
50* 761* -170* 4,672 15.1* 16.9%
40 632 184 4,880 61.3 8.2
85.7cc, w/o 130 a5 902 244 6,898 aa.7 9.8
50 1,423 540 8,333 38.4 17.1
a0 708 240 5,776 71.1 7.3
150 a5 1,097 439 5,779 56.1 8.4
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Variations heatsource Pump frequency Pgross ot Qin senexp  Msenpump
®) (Hz) w) W) W) (%) (%)
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130 45 1,100 419 6,518 53.4 10.6
110cc, 50 1,636 744 11,109  48.0 20.2
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50 1,651 959 13,455 585 14.4
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‘3’?161 O-ring Seal fivhanan Polyurethane Fan
onmgiileuszana 160 esmwades ietosiy
N9LEEIBDY Seal FINENTENINVAADITILA
Scroll Expander laszungmnuioussningnig
vhaulnsidssnsviuauiy wileuanimmsldau
Unfuilesfiu Compressor

30

— S} N
W S W
N

T]isen,pump (%)

—_
S

Pump frequency (Hz)

*85.7cc, 100
W [10cc, 100

% 85.7cc, 130
¢ 110cc, 130

®85.7cc, 150
A 110cc, 150

JUN 9 AnwduiusveIUsEanSaIm Isentropic
Y99 Pump flugamgiunainiuiou

o
LaEAIND Pump

P

31N3UN 9 WU Pump wiluszavEangs

devhnunanudauazgamgila anmiledan

a

Pump il Design Head # 173 a5 w3e
Uszanas 17 und (Famnsnsdt 2) waglugunis
nagouresuAdeiagd 4-11 v1s Fenudn
muFuazanATumNAETselE Pump e
pusuilineaeuiiandilnden Design Fwilii

a

Usg@nEnngelu warnuinAseansanesan

=)}

P leegnsovay 26.8 Mdpuly 50 89T 110

B

anuIAnURLLAS, 150 asAwaled &9 Pump

U

asemnuauld 11 uis %dt‘f‘]umqaqmﬁmﬁwﬁu
AsVRRBIBUT VLA
Tuns@nwideiavuessuidse [12], [13]
fenldusyansam lsentropic iuandind wiann
U7 8 ua 9 azifiuinuszavsnimues Isentropic
999 Expander wag Pump \Wasuulasesnadife
iy WuINgUT 8 UszAnSam lsentropic e
Expander fiiflonnudidewain 40 Bsad Ju
50 1B90d SiAUsEavSnmanauadededenay 20
fatfumslfauyfgiuiniszansam lsentropic
Wewes Pump wie Expander udnasitlunis
PaouTIRavasltuegeTzinTy iy

1,200
_-—A
900 e
—”k o -
2 600 gz oot L
3 !...?,,‘ —. %
S, e _ . .-
v .- .-
300 "‘::.—_’. ______ %
0 =
40 45 50
Pump frequency (Hz)
#85.7cc, 100 %85.7cc, 130 ®85.7cc, 150

M 110cc, 100 ¢ 110cc, 130 A 110cc, 150

JUN 10 Anuduiusvesmasnuansiugumgl
WdeALTaU UazAND Pump

9INFUN 10 aziudnidsnugninlad
wlduadeduidaunasiugui 8 Asdlen
Wi Usiunagumiiunasnuseularalud

o
=1

Pump MiNTU LHosie Pump 7llusuive
fuszansamaadulleldarunanudgadegui

Y
10 uwagnuindiyadeyaiaund Aevigamgil 100
gnuiadwuiwes Jufnandgmansvhaudu
YouvaInoudn Expander
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3.2 dNSWAVINISANAY Check Valve
anmsvnassluneud 2 agldnadnssasy

Y

=

11, 12 Uagm il 4

mﬂgﬂﬁ 11 anuduiusvasidsnunaiilé
910 Expander wuinldfdssunadildaniis 3
sUsvuBseinunludesidedldded 1. ldda
Check Valve l#fndsnngnil 806-1,926 Yad,
2. finflouid Expander @stiounilifinieuas
4-17.8 uag 3. Anvatesn Expander ladounin
Lifnsoraz 6-22.3

wanadiindsunaananiosain Check
Valve il Pressure Loss Tuszuuiie 3ufinnns
qiyt.?mwﬁqmumaﬂaﬁv‘mmmﬁu NA15197 3
WU Pressure Loss TlAnsewineviondsesnann
Pump §4M1911 Expander

2,000
f"
1,800 /,’ *
1,600 2 ’_,-:’,\I
£ 1,400 o=
Z 1200 RADY
@\ 5 - > "
8 I,.,o" /,*"’
& 1,000 |72t as
‘Lo
800 £~
600
40 45 50
Pump frequency (Hz)
before, 130 before, 150 ® after, 130
M after, 150 & w/o, 130 Aw/o, 150

JUN 11 anuduiusvesmasnunasiuiu
gauniuviasAuTou uazAINd Pump

lunsalfin Check Valve veiloglugig 0.2-1
w§ Tuvnziinsdllifinegil 0.2-0.8 11§ Gafins
goydeanusutieeninegildydfey

naTivinlsinsiin Check Valve &4 Expander

v v
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[
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\sgsUT 3 way 4 vilrUSumsvesansvihay
flogluriossing  lufadeu Expander tulndifes
ammiauneuwdu Compressor d@amalfndsanu
nafindnlddiauinninilefisunsalfinndioen
Expander indedouay 1.3
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40 R 4
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before, 130 before, 150  @after, 130
Mafter, 150 ®w/o, 130 A w/o, 150
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U949 Expander fUgunIunaInIuiou uay

4
MU0 Pump

9N3U 12 Usz@nBam Isentropic veq
Expander WUa1@111501583619UUsZaNSA N
Fganiis 3 wuumnannludesldeed 1. fadeu
191 Expander Fannniuuuldfingesas 13-51,
2. Aand0ena1n Expander dsldnnninwuulaifio
dsforar 9.1 uay 3. wuuliAaldiannudiiy
mmaﬁﬁuuﬁuﬁ \{99911M13BA Check Valve
1A Pressure Ratio anAsen Expander i@
lndAn Design Pressure Ratio iy 6
(Fam151971 2) wudnsdiiiie Check Valve riau
Expander 71 150 asrwadea leuszansam
Isentropic g9gn Iﬂ&JLﬂWﬁzaEJ'N?J‘ﬂﬁmmal Pump
W1 9 i 40 18509 ilesandl Pressure Ratio
1nd\Aes 6 uaz Vapor Quality gaiflesann
a1siuiisnsinisiuadild fuaudeuain
Evaporator o144l
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4. a3U
31nn15AnwIBnSnaresnisusuadud
Pump 8vSnavetgumgiunaenIuiou wuin
Adanunafilsslniiasielduusiunuainud
Pump u,asqmmﬁmauma'ﬁmm%’auﬁLﬁmﬁu
Wulumungmeslulaunding uauszaniam
Isentropic 84 Expander ndufiuualdufiuys
wnAufuARLd Pump iy dlawhetlymides
annuzvesa iy Mixture
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W1Feuag 37-76 IMdanunasiuazgnseglugi
806-1,926 Iné wag 370-1,048 ns
Tuvaiziieniu 7 Expander vuin 85.7
anuARgURlLnIoToU HUsEAVEAm Isentropic
aglutiederay 34-71 IMdanunasiuuagansey
Tuta3 493-1,593 06 waw 25-706 6 LU
Expander fifvwalugninfianansoasiardsenu
ﬂaiﬁqaﬂd’]ﬁ%aas 18-35
gl Expander aunm 110 anuiAn
WURLUATHBIDU UIANYIINTNAYDINITAN
Check Valve Wuinn1s@n Check Valve fiauiing
Expander lausgansnn Isentropic aglugis
Sovaz 47-93 lamdsnunasinlutag 681-1,762
nduazn13in Check Valve wiasonain Expander
lguseavanm Isentropic aglutisiosay 48-92
Ifi&snunaslugie 737-1,651 Yad Jaile
Wisudleus 2 nsdl dhdunsditlilétn wud
n13An Check Valve Tviuse@nsnn Isentropic
299 Expander ﬁqﬂsﬁma?{a%’aaas 18 Tuvnued
fdsunanuanasiesay 4-22 awngiilesan
n13@n Check Valve vlvilinaudugaydeds
lisdaiildanas
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UNANED

mATedidunsfnwnsiinnnaeuseuninenssssund (e1auss STR 20) ilouudge
autAin1sBafnuagnisvaouivasnvasuieuninssssunAliatuielildgnsnimangan
maneasdasulsUinaesauhiasydien Thamnsiiu waytlnsdeusdudu 25 50, 100, 125 way
150 phr (@ulusa 100 dw) wudﬁqmsmaﬁﬁﬁqmsmauﬁm 879U¥8 STR 20 100 phr Fhawsily 25
phr w3aulilaesdian 150 phr Jesidensdu 150 phr dwsunseviunsinmvasuiou Budu
mnmuqﬂﬁqmmqﬁ%ﬁﬁy&wﬁﬁ\luaguiﬁ 160-170 perniaidua ndaniiusnets STR 20 Wutwdn 9

FY

LAIABY WuenadlUlutiansiuiinaenmarauesazatenun winiudlnsdensduesesaulia
ovtian sersliliBugmiivios anmavageunmeaounyui nildddnuuedinma danuuds
wazBoud Lifindusuniu Srmnumin 514+14 wuinesd flguvgll 150 esrwaldoa T
AufuuusLdey 82.5+1.4 Uaudsemsnsin daenuduniunsvigaaen 2.06+0.02 Aladadu

ADLIAT
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Abstract

The purpose of this research was to study hot-melt adhesives from natural rubber
(Standard Thai Rubber 20, STR 20). In order to improve the adhesion and melting properties
of hot-melt adhesive to get the best glue formula from STR 20, the ethylene vinyl acetate
content (EVA), paraffin wax (Wax) and petroleum resin (Resin) were varied from 25, 50, 100, 125
and 150 phr (Part Per Hundred Rubber). It was found that the best adhesive formulas consisted
of 100 phr of STR 20, 25 phr of wax, 150 phr of EVA and 150 phr of resin. For preparing hot-melt
adhesive, first, the wax was heated and maintained at 160-170 °C, then cut the STR 20 into
small pieces and slowly added the rubber into the melted wax until the rubber was completely
melted. And then added resin and EVA and cooled to room temperature, finally, the results
show that hot-melt adhesive was dark brown, hard and odorless, smooth texture and easy to
melt with 514+14 centipoises of Viscosity at 150 °C, 82.49+1.4 |bf/in’ of shear strength and
2.06+0.02 kN/m of cleavage peel strength.

Keywords : Natural Rubber; Hot-melt Adhesive
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1. uni

mATeRnfunMssINTATleguans
Boawsdnlngfunnviaiiidusnnans wie
l@vinazanedunsd dndideynilunisuiee
Fatumndeanislinniuraganisiasuainn
Aldswhazaneidiumivasuiou {iseAninmsi
NINADNSDUIINYIITIINYR VN AU G TTUR
finslduiinannuaneanniu

Anaeuseu (Hot-melt Adhesive) 1du
nnildnuiigamgiiganingavasuiman (Melting
Point) waziinnisAnUszauiuiagileiduas
waznateiduzeuds arefuntivinduiiie
n1shnUszaunienateduvesuds dleda
azany (Solvent) ﬁaﬁﬁsmaaaﬂiﬂ é’aﬁ?uma
naousaudsliddiviarats wazsidunesiy
wanafn (Thermoplastic) Iynnaauviailugis
65-180 oernwalioa anunsoRnfuiuAalidy
sngu wu lavgldd Tnanlesuaganunsaldiv
i3asdnswuusaludfvilidsendnSunazina
Tlununueundsde saunsea1y ussiue
Anseain A1sdafanseateiulkuegiiidey
Wavee [1], [2]

ansnmaouSouiivatsgnsiuey fufuan

Y
=

winfidaulsznoundn 4 eg 4 vin fe 1o5au
Tflaez@imm (Ethylene Vinyl Acetate, EVA)
ansufiumnuiienfin (Tackifying Resin) @136
WAuandunu (Fillers) astiosiunisidonanin
\losaneendiau (Antioxidant) MBE4GATNTI
aliainsaimmaitudesay 100 Tnglidndon
il EVA (Elvax 260) Soway 10, EVA (Elvax 250)
Soway 35, Tackifying resin Seway 30, LAAITYL
AsUBLUA (Calcium Carbonate, CaCO}) Sovas
24.8 uar Antioxidant 0.2% [1], [3] a1siiiu
auwigfaduansiiddalunisviinm (4], [5)
Frogeansiiivanumilenfin wu ANNlIULSTU
Un31883L53U (Petroresin 120) Lazls@u (Rosin)

gesssumAtedldvindun1n Pressure-sensitive
esnflaudRauumiderfinduiis [6]-[8]
uaﬂmﬂﬁ Gﬁﬁqw1§wﬂu (Paraffin Wax) L'f]umi‘ﬁ
YrgUsuanuninveanilawasyinlin1daga
Eaau 9] EVA fassadrafunuulanedied
Tiifuseidou (Random Copolymer) iasain
arsviadiAnainnissauseluwed 2 wda Ao
Saumeluwesiuhilassfiwnueluwes EVA LT
wodwesudnlunsldvinnvasudou Feiivans
WNSA W Elvax 150, Elvax 210, Elvax 220, Elvax
250 uay Elvax 260 Wudu wea@euaisuaiun
1 duansiufnandunuuasiinauudves
L‘ﬁama [1], [10]
Tums¥iisunnivaendeuanenssssumisg
1e1ausis STR 20 91AN1SVAADILD BIFUNUT
g9 STR 20 himmiﬂuaauazmﬂlﬁ"ﬁqmmﬁ
200 arwalua wazliaunings Uszana 80
Mooney Unit (MU) Tsimngfiazthanyiidun
vaousou Sndudoaienssssumfuuadunan
9 Uil Auntinanasuszunn 55 MU A1SUANS
ylsbminluanaanasaumiinanas uasiy
s flutaransifuuaadounnsueiun
asluiitovinliflutanasnavinsanduayldvas
Fldietu duilianminanas Tnetsiu
azanveguiovusgluluana vilvisrandenulm
IWi1ety nsiuthdu 50 phr silvaaumie
anasuszunal 45 MU [11]-[13] dusun1snaasy
ﬁlﬁﬂ%uﬂyauﬂ’ﬁmﬁmﬁmLLazmmaawfhmadma
waeudouaINeI5TUTRAATY in1sneass
TnouwUsd3unanesdubiaosdinn THamsflu
warUlnsidesdudu 25, 50, 100, 125 uay 150
phr udtlunageunuiuULsIdou (Shear
Strength) mwéfmmuﬂ’ls‘wqmaaﬂ(Cleavage
Peel Strength) mauuila (Viscosity) wag
Wiruliguandfnua1 Hot-melt n1901567
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2. 52108U7579Y
2.1 a9

wiauhlaes@iwn (Ethylene Vinyl Acetate,
EVA) 1050 Elvax 220 fivsunaulifiass@ing
Uszanafosay 28 figavasumanil 70 aaen
waled dAnuude 50 Shore A $1mu1elnae
U3enguesd Useinelng fanns iy (Paraffin
Wax #58 Wax) Ulnsis@u 1nsm 120 (Petroresin
120 e Resin vhurinfidu Tackifying Resin)
uAABELANSUBLLA (Calcium Carbonate, CaCO))
YUY (Paraffin Oil %38 Oil) Lageauyia
STR 20 9melaguTen Fouswisn 1ia

2.2 NM5LA38UN12 Hot-melt

gm'm’131’71'168’114mammaaaﬁaﬁuwamﬁaﬁ
YUY STR 20, Wax, Resin, kag EVA Tun1svinass
wUsUSInauansilu 25, 50, 75, 100, 125 uag 150
phr (@ulugne 100 @) arugnsimuali
819U STR 20 15 100 du ansspdifdu 9 i
JuuSunaauluens 100 @ (Part Per Hundred
Rubber, phr)

MsfnEareInIsiuUSIaes EVA s
audRniaviaensou Tneuususunn EVA (Ju 25,
50, 75, 100, 125 wag 150 phr lnginuali Wax
WAz Resin AITTl 25 phr fapns1aft 1

M13199 1 gasn1aviaeuseulaeLususunm EVA

gnsfi Urmtinuika (phr)

ARG
1 2 3 4 5 6

STR20 100 100 100 100 100 100
Oil 50 50 50 50 50 50
CaCO3 50 50 50 50 50 50
Wax 25 25 25 25 25 25
Resin 25 25 25 25 25 25

EVA 25 50 75 100 125 150

AnwnaveInIsinyina Wax seaudi
nrviaausoulneuUsusuna Wax \u 25, 50, 75,
100, 125 uag 150 phr Ingruuals Resin Al
i 25 phr way EVA asiifi 150 phr faans1i 2

M13199 2 grsn1aviaeuseulasLUTUSUIM Wax

gasi Umtinuiia (phr)

aswadl
1 2 3 4 5 6

STR20 100 100 100 100 100 100
Oil 50 50 50 50 50 50
CaCo, 50 50 50 50 50 50
Wax 25 50 75 100 125 150
Resin 25 25 25 25 25 25

EVA 150 150 150 150 150 150

Anwnavesnsifiuy3une Resin doaudd
ATviaaNseu neuususua Resin 25, 50, 75,
100, 125 waz 150 phr lagfuuali Wax AITR
25 phr uag EVA Asiifl 150 phr fam37sdi 3

A19199 3 ansnvasuseulaswlsUIun Resin

gasi Uminuita (phr)

RREIGEY
1 2 3 4 5 6

STR20 100 100 100 100 100 100
oL 50 50 50 50 50 50
CaCO, 50 50 50 5 50 50
Wax 25 25 25 25 25 25
Resin 25 50 75 100 125 150

EVA 150 150 150 150 150 150

JURDUNISNAUNIVIADNSBU SUAULABNNT
NANE19 STR 20 Avdndunis iunaziaaimey
m%umumium%awmmqaaqqﬂﬂ%qﬁ]unm 9 Wil
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IonHuniy vdantiuiaens STR 20 Tudn 4 vun
Uszanas 0.5x0.5 wuRng ieannainisazans
vo3819lu Wax Tigamnil Wax 71 160-170 o
waldua Usunas Wax #an15197l 2 fiee q Wine
atluaugazanevun WAy Resin USuad Resin
Faen5797 3 WFn EVA USunes EVA faensnsdl 1
Udosidlilndutonmgivies viludunndnuas
il thndildluneaeuanudiumuisaiou
(Shear Strength) mwﬁ’mmuqumaaﬂ
(Cleavage Peel Strength) auwila (Viscosity)

2.3 NSNAFBUAIINA TUNIULT LD DU

(Shear Strength)

wistnwiulgamuNInsgINIMTUno Ny
Fa5uit 1 dhnnsegiilsnlvirnuseuiigumad
60 asrwaldea Anduld AuuInsgIu ASTM
D2339 MeRiels 1 Fu ﬁqmmﬁﬁaﬂﬁmu%ﬁa
Wi lunnaevand® lumsmaseuusayadaly
Fudneths 3 Tu WiASeannaeuLseRe (Universal
Testing Machine) 8V LLOYD u LR 10K #iae
AuEInsRsunaaeuit 12.70 fadlwassound

254 cm

032 cm €= prTIITIIIINES

254 cm

02 em & P e,

254 cm

UM 1 SnuagdunadeuauiUIULsIRey

2.4 mswﬂaaumwéfmmuquﬁaaﬂ

(Cleavage Peel Strength)
wistnuiulgamuNInsgIuIMTUne Y
Faguit 2 hnmshegsiilsnligumniiil 60 oem
waldva Anffulsl snuanasgiu ASTM D3807 dafig

151 Yu figaungiiviedlinndn udnhlunaaey
autd lunsnedeuusasasdldtusedng 3 3uld
LASIVIAFBULTIRY (Universal Testing Machine)
f%e LLOYD U LR 10K FaAnALEINTSAaTY
nadoufl 12.70 fadwnsnewni

JUN 2 dnunizIunagounITUiUNIY

nINgAaBN

2.5 NMsnAdaUAUAin (Viscosity)

Yrgrennasuseuiiesoun 100 sy
u¥apnuninsiei3sinaurilnueweuvan
Brook Field §u LVDV-IIl Ultra RY78173 Lden
Lmumuﬁmmxamua% 4 Fonanwii 60
soumpw1? nviaeuseulddnines wagvinli
viassmaigumgdl 150 esmwadea thinines
NilfunumudiAueies erueiilduuniite
wSes Tufinua

3. Namsﬁnwmazaﬁﬂiﬂﬂwa
3.1 NAYBIANURAIIUATUNIULS LR DU

(Shear Strength) ¥84n17 Hot-melt
NAEUURAIINUA TUNIULT LAY (Shear
Strength) Taen1sUUTUSINAIENS EVA, Wax uag
Resin +Ju 25, 50, 75, 100, 125, 150 way 175
91307 3 U3 EVA Hnaserimnudiuniy
usaBou Ao WouSunas EVA luauraudvg
wsadoudiuunltiudiuiy uansin EVA il
flaruudausafiuundy 1eseinens STR 20
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uenaitlsifida (Non-polar) s EVA ﬁ%ﬁ@ﬁ (Polar)
wszdivghillaes@ine viliaunsodnfnduld
FaTlAlaR (141, [15] FiUSunas EVA 150 phr vilsk
nfiAUAUMULSLEUEaNEn fie 58.5 Usud
fon1519ia Jeimuali EVA mefiit 150 phr
Fadudiinaiiaiian ldusunmannndnidvil
audfnennagity udasyinliuiinunisldens
Faduingiundnanas wazldvaaeauusiaunm
Wax silU

100

&E o[ 5/ yeoooocc Wax = = = Resin
< i 1
ué 80 o
£ 60 -
on
C
g
% 40 o
©
0]
c
v 20 o
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Abstract

This research was to look at cassava root as an alternative raw material for
snack chip production. However, cassava chips showed higher hardness compared
to potato chips. The aim was to study the effect of pre-treatment on the physical,
chemical and sensorial characteristics of cassava chips. Fresh cassava slices
(1 mm thickness) were soaked in sodium bicarbonate (NaHCO,) solution at different
concentrations (un-soaked, 0, 1 and 2% w/w) for 5 min. Then, cassava slices were
fried in palm oil at 160°C for 4 min and were seasoned with paprika powder before
being baked at 180°C for 10 min. The chemical, physical and sensorial qualities were
investigated. The results revealed that the bulk density of cassava chips decreased
significantly from 0.496 to 0.401 g/cm® when fresh cassava slices were soaked in 2%
NaHCO,. The breaking force of cassava chips also decreased from 558.97 to 231.50
g whereas fat content increased from 22.85 to 30.69% when soaked in 2% NaHCO,.
Increasing the concentration of NaHCO, decreased the lightness (L *) of cassava chips.
Pre-treatment did not have a significant effect on the sensory scores of cassava
chips.

Keywords : Cassava Chips; Pre-treatment; Frying; Quality
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1. Introduction

Thailand’s snack market was 36
billion baht in 2018 and its growing rate
within the snack market was 6% [1].
The five main segments of snacks in
Thailand include extruded snacks (35%),
potato chips (30%), prawn crackers
(10%), dry peas and nuts (10%) and
others (15%). Potato chips were the
fastest growing segment of all [1], [2].
Mazurek et al. [3] also reported that the
most popular chip products were potato
chips.

Cassava (Manihot esculenta) is the
third largest source of food carbohydrates
for humans [4] and it is one of Thailand’s
most important economic crops. Thailand
was the world’s largest cassava exporter
with a production of 33 million tons in
2016, which is 67% of the global market
[5]. Cassava roots are very rich in starch
and contain small amounts of calcium,
phosphorus and vitamin C [6]. In 2017,
Thailand produced 107,103 tons of
fresh potatoes whereas demand for fresh
potato as a raw material for producing
potato-based products was about 150,000
tons [7]. As a result, Thailand has been
imported potatoes from China, Canada
and Germany for use in its food industry.

Moreover, the price per kilogram
of cassava root is much cheaper than
potatoes; namely about 10 times cheaper.
The aim of this research was to look at
cassavaroot as an alternative raw material
for the production of snack chips.
However, the cassava chips showed a

higher hardness value when compared
with potato chips. Therefore, the objective
was to study the effect of pre-treatment
on the qualities of cassava chips. The
pre-treatment methods consisted of
soaking in water and sodium bicarbonate
(NaHCO,) solutions. NaHCO, increased
the volume expansion of extruded black
beans [8] and enhanced the texture,
density and expansion ratio of puffed
corn-fish snack [9]. There were a few
prior studies on the effects of processing
cassava chips [10], [11], and there were
several previous research studies which
looked at the effects of processing potato
chips [12]—[17], banana [18], carrot [19]
and cereal products [20].

2. Materials and Methods
2.1 Materials

Fresh cassava roots, palm oil
(Morakot, Thailand) and seasoning
powder (i-chef, Thailand) were purchased
from a local market in Surat Thani
Province, Thailand. Fresh cassava roots
were kept at 4°C prior to processing.

2.2 Pre-treatments for Producing

Cassava Chips

Cassava roots were peeled and
then washed with tap water. Further,
cassava roots were sliced to a thickness
of 1 mm. These slices were soaked in
sodium bicarbonate (NaHCO,) solution
at various concentrations (0, 1 and 2%
w/w) for 5 min. The ratio of cassava to
NaHCO, solution was 1:3. The excess
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water was wiped away with a clean cloth.
The pre-treatment cassava slices were
fried in palm oil at 160°C for 4 min with
the cassava to palm ratio being 1:10.
Then, cassava chips were seasoned with
paprika powder (the ratio of cassava
chips to paprika powder was 100:2) and
baked at 180°C for 10 min in an oven.

Finally, the cassava chips were cooled

Peeling cassava root

v

Washing with tap water

v

Slicing to 1.0 mm thickness

v

Soaking in Na,HCOs

v
v v v v

Un-soaked 0% 1% 2%

v v v v
v

Removing excess water

v

Frying at 160°C for 4 min

v

Seasoning with paprika powder

v

Baking at 180°C for 10 min

v

Cooling and keeping in plastic bag

Fig. 1 Flow chart indicating the
protocol involved in producing
cassava chips

and kept in a plastic bag until their quality
analysis. The detailed protocol employed
for producing cassava chips is shown in
Fig. 1.

2.3 Chemical Analysis

Moisture content: The moisture
content of cassava chips was measured
following the method of AOAC [21].
Briefly, ground samples (3 g) were dried
to a constant weight in a hot air oven
(Redline, Binder, German) at 105°C. The
moisture content was calculated from the
weight difference between the original
and dried samples.

Fat content: The total fat content
of the cassava chips was extracted with
petroleum ether for 4 h in a Soxtec
auto extraction unit (2050 Soxtec
Tecator, Denmark) and gravimetrically
determined.

2.4 Physical Analysis

Bulk density: The bulk density of
the cassava chips was calculated by
dividing the weight (g) by the volume of
the samples (cm?).

Water activity (a ): Ground samples
were placed in a cup and water activity
(a,) was measured by using a water
activity meter (CH-8303, Rotronic,
Switzerland).

Color measurement: The color of
the samples was measured in the L*,
a* and b* mode of CIE (angle 10°,
illuminant D65) by using a color meter
(CR-400, Konica Minolta, Japan).
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Texture measurement: A texture
analyzer (CT3, Brookfield, Germany)
was used to determine the breaking force
of cassava chips. The samples were
placed on a modified TA-TPB fixture
and a knife edge (60 mm width) probe,
moving at a speed of 0.5 mm/s over a
distance of 10 mm, was used to break the
cassava chips. The breaking force was
expressed in grams-force.

2.5 Sensory Analysis

The 9-point hedonic scale was
used to evaluate the acceptability of the
cassava chips. Fifty untrained panelists
made up of students at Surat Thani
Rajabhat University were asked to rate
their liking of quality attributes including
appearance, flavor, crispness, taste and
overall liking of each sample (1 = dislike
extremely, 5 =neither dislike nor like and
9 = like extremely).

2.6 Statistical Analysis

The experiments were conducted in
triplicate. The results were reported as
mean values with standard deviations.
Analysis of variance (ANOVA) and
Duncan’s New Multiple’s Range
Test (DMRT) were used to determine
statistically significant differences of
treatment parameters (p <0.05) using the
SPSS V.21 statistical software package.

3. Results and Discussion
3.1 Chemical Qualities
The effect of pre-treatment on

moisture content and water activity (a,)
of cassava chips are shown in Table 1.
Fresh cassava slices were soaked in
sodium bicarbonate (NaHCO,) solution at
various concentrations (0, 1 and 2% w/w)
for 5 min. The pre-treatment cassava
slices were fried in palm oil at 160°C for
4 min and baked at 180°C for 10 min.
The concentration of NaHCO, solution
used did not exceed 2% because it would
have affected the taste of the cassava
chips. The results revealed that moisture
content in cassava chips are significantly
different (p<0.05) with soaking fresh
cassava slices in 2% NaHCO, solution.
The moisture content of cassava chips
ranged from 0.96 — 1.42%.

The total fat contents of cassava
chips as affected by the pre-treatment
method are shown in Table 1. The results
showed that soaking fresh cassava slices
in a higher concentration of NaHCO,
resulted in higher fat content. The total
fat content in cassava chips increased
from 22.85% to 30.69% (Wet Basis)
when increasing the concentration of
NaHCO, to 2%. Normally, the mean
oil contents of potato chips and tortilla
chips are 37.5 and 23.4 g/100 g sample,
respectively [22]. Mazurek et al. [3]
also reported that commercial chips
with a fat level reaching 30 — 40%
dominate the market. The key factors
affecting oil absorption in fried products
include the frying process, product
characteristics and oil quality [23].
Soaking cassava slices in water and
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NaHCO, solution prior to frying increases
fat content in cassava chips due to
surface wetting [24]. Higher initial
moisture content leads to an increase
in oil uptake in cassava chips, similar
to that found in tortilla chips [25]. Oil
replaces the water that has evaporated
during the frying process. The water-
replacement mechanism is described as
follows. When the food is exposed to
frying temperatures, water evaporates
rapidly, the outer surface becomes dry
and crust forms. Moisture within the
fried product is converted to steam,
creating a positive pressure gradient.
The steam escapes through cracks,
defects, open capillaries and channels in
both the cellular structure and membranes.
As the process progresses, oil adheres
to the food, entering the large voids,
product imperfections and crevices left
by the changes in structure due to frying
and water evaporation [23]. In addition,
product porosity plays a significant role
in the oil uptake of fried products.
NaHCO, plays arole in leavening agents
increasing oil uptake of fried products
due to the formation of gas cells that fill
with oil during frying [26]. Then, the
increase of NaHCO, concentration
causes an increase in fat content of
cassava chips. Generally, three
mechanisms have been proposed to
explain the complex process of oil uptake
during deep-fat frying. These include
water replacement, cooling-phase effect
and surface-active agents [23].

Table 1 Effect of pre-treatment method
on moisture content and fat
content of cassava chips

Pre-treatment Moisture Fat content
content (%) (%)

Control 1.09+0.13> 22.85+0.93¢
Water 1.01 +0.08> 24.32+097°
1% NaHCO, 0.96 £0.04> 28.59 + 1.50°
2% NaHCO, 142 +0.11*  30.69 +1.24

Different letters in the same column indicate that
values are significantly different from one another
(p<0.05)

3.2 Physical Qualities

Water activity (a ) in cassava chips
was not significantly different among
different the various pre-treatment
methods, and instead corresponded
largely to moisture content. The a_ of
cassava chips is in the range of 0.126 -
0.142 (Table 2).

Bulk density and hardness of
cassava chips as affected by pre-treatment
are shown in Table 2. Bulk density of
cassava chips was calculated by dividing
the weight by the volume of cassava
chips. Soaking fresh cassava slices in
water and NaHCO, solution prior to
frying caused a decrease of bulk density
in cassava chips. The results revealed that
the volume of cassava chips increased due
to the formation of internal air bubbles.
The formation of gas cells in cassava
chips was derived from the combination
of water pressure and the leavening agent
properties of NaHCO, during the frying
process. However, increasing NaHCO,
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concentration from 1 to 2% did not
affect the bulk density of cassava chips
(0.401-0.402 g/cm®) because frying oil
was free to move in to the gas cells of
cassava chips during frying. Regardless,
both the volume and weight of chips rose
simultaneously.

The hardness of cassava chips was
evaluated and expressed in breaking
force as it relates to the crispness of
cassava chips. The hardness of cassava
chips without pre-treatment was 558.57 g.
Soaking fresh cassava slices in water and
NaHCO, prior to frying yielded a lower
hardness value. The hardness of cassava
chips decreased from 558.57t0231.50 g
when soaking fresh cassava slices in 2%

NaHCO,. Water and NaHCO, influenced
the hardness of cassava chips due to the
formation of air bubbles in cassava chips
during frying relating to decrease in bulk
density of cassava chips. The air cells
corresponded to brittleness in cassava
chips, with more air cells leading to easier
fracturing.

Color (L*, a* and b*) of cassava
chips as affected by the pre-treatment
method is shown in Table 3. The pre-
treatment method significantly affected
the lightness (L*) and redness (a*) of
cassava chips. Soaking fresh cassava
slices in water prior to frying resulted in
a significant increase in the L* value of

Table 2 Effect of pre-treatment method on water activity, bulk density and breaking

force of cassava chips

Pre-treatment Water activity (a) Bulk density (g/cm?) Hardness (g)

Control 0.132+£0.010° 0.496 +0.08* 558.57 + 86.42¢
Water 0.131 £0.020* 0.399 +0.05° 298.87 + 63.56°
1% NaHCO, 0.126 £ 0.033® 0402 +0.07° 239.80 + 54.71°
2% NaHCO, 0.142 £0.017* 0401 £0.04° 231.50 +36.55°

Different letters in the same column indicate that values are significantly different from one another

(p<0.05)

Table 3 Effect of pre-treatment method on color (L*, a* and b*) of cassava chips

Pre-treatment L* a* b*

Control 53.79 £ 0.60¢ 273 +£043* 2317+ 1.67*
Water 59.19 + 1.11* 1.69 + (.42 2123 +1.25*
1% NaHCO, 57.27 £2.20° 1.82 £042° 2170 £ 1.51*
2% NaHCO, 54.14 £ 2.11¢ 144 £0.18° 22.82 +3.03*

Different letters in the same column indicate that values are significantly different from one another

(p<0.05)
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cassava chips whereas the a* value
decreased significantly (p<0.05). The
greenness (b*) of the cassava chips was
not affected by pre-treatment (p>0.05).
Soaking in water increased the lightness
of cassava chips due to a reduction of the
non-enzymatic browning reaction of
fried products in which sugar is leached
out and plays an important role in color
formation during frying [27]. Santis et al.
[28] have found that blanching, and both
water and NaCl soaking all produce paler
potato chips. Many additional factors
might affect the color of the fried products
such as frying time, oil temperature,
oil type, pre-treatment method, storage
conditions, and the variety and maturity
of the raw materials [28]. An increase
in lightness is related to a decrease of
redness in cassava chips.

However, the increase in the
concentration of NaHCO, used to soak
fresh cassava slices prior frying led to a
decrease in the L* value of cassava chips
(Table 4) indicating increased darkness
of the chips

3.3 Sensory Qualities

The effect of the method of
pre-treatment on panelists’ sensory
scores for cassava chips are shown in
Table 4. The liking scores of all attributes

(appearance, crispness, flavor, taste and
overall liking) for cassava chips showed
no significantly differences (p>0.05)
among treatment. The liking score of
cassava chips in appearance, crispness,
flavor, taste and overall liking are in the
ranges of 7.07 - 7.47,7.07 - 7.97, 7.03 -
7.43, 7.00 - 7.87 and 7.47 - 7.93,
respectively. The sensory scores of all
attributes ranged from 7.00 - 8.00,
indicating that panelists liked cassava
chips moderately to very much. In this
experiment, NaHCO, could be used at a
concentration no higher than 2% to
pre-treat fresh cassava slices because
it affected the taste of cassava chips.
Although, using NaHCO, solution could
reduce the hardness of cassava chips, the
sensory quality of chips with and without
pre-treatment didn’t change significantly.

Pearson’s correlation coefficients (r)
were analyzed to quantify the relationship
between pre-treatment method and
liking score in cassava chips (Table 5).
Pre-treatment method revealed significant
negative correlations with liking score
of crispness and taste. The liking scores
of all attributes (appearance, crispness,
flavor and taste) were significantly
positive correlations with overall liking
scores.
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Table 4 Effect of pre-treatment method on liking scores in cassava chips

Pre-treatment Appearance™ Crispness ™ Flavor " Taste ™ Overall liking ™
Control 707 £1.51 797+103 743x141* 787+1.100 793+1.11°
Water 7.07 £1.31 757122  730=x1.11* 750+133* 7.63+1.18°
1% NaHCO,  7.47+1.20 707+164 703x135 700+1.55 7.50=+1.22°
2% NaHCO,  747+1.20 737+147 714x133* 703147 747+131°

™ indicate that values in the same column are not significantly different (p=0.05)

Table 5 Pearson’s correlation coefficients between pre-treatment method and liking

scores in cassava chips

Attributes Pre-treatment Appearance Flavor Crispness Taste
Appearance 0.137

Flavor -0.101 0.625*

Crispness -0.187* 0.391* 0.543%*

Taste -0.240% 0.452% 0.566* 0.666*

Overall liking -0.142 0.631* 0.747* 0.691* 0.833*

* p<0.05 (two-tailed)

4. Conclusion

The pre-treatment had a significant
effect on the qualities of cassava chips.
Soaking cassava slices in water and
sodium bicarbonate solution prior to
frying increased moisture and fat
content in cassava chips. The bulk
density and hardness of cassava chips
decreased with pre-treatment. However,
pre-treatment did not change significantly
on sensory quality of the cassava chips.
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Abstract

The objective of this research is to study the combustion behavior of a gas-saving
burner S-10 using computational fluid dynamics (CFD). The simulation model was created using
Fluent 6.3 in 3D-model of the same size of the burner. LPG pressure of 4 psi was released for
this study. The combustion behavior was shown in temperature contour and velocity vector. The
CFD results were verified by measuring the temperature around the burner head with a vessel.
From the study, it was found that the CFD’s results of flow velocity and combustion temperature
distributions were validated with the experimental values. The CFD’s result errors were less
than 10.35% and 11.87%, comparing with the velocity and temperature measurement,
respectively. The fluid flow and combustion behaviors can be described by this CFD model.
Moreover, the CFD model of the gas-saving burner S-10 can be applied to improve the

thermal efficiency of the burner in the future.

Keywords : Combustion Behavior; Gas-saving Burner S-10; CFD
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Abstract

This study investigates three different types of power plant include a trilateral cycle
(TLQ), subcritical organic Rankine cycle (ORC), and supercritical ORC power plant driven by
geothermal heat source with mass flow rate 1 kg/s and temperature of 100°C, 110°C and 120°C.
with 27 substances were examined as the working fluid of the power plant. While the net
power output of 4.78 kW and 7.74 kW is obtained from the subcritical ORC with RC318 as its
working fluid when the heat source temperature are at 100°C and 110°C, respectively. Meanwhile,
the net power output of 11.85 kW is obtained from the subcritical ORC with R227ea as its
working fluid when the heat source temperature is at 120°C. The net power output of 5.64 kW
and 9.16 kW are obtained from the supercritical ORC with R218 as its working fluid when the heat
source temperature are at 100°C and  110°C, respectively. Meanwhile, the net power output of
12.88 kW is obtained from the supercritical ORC with R143a as its working fluid when the heat
source temperature is at 120°C. Furthermore, the net power output of 7.96 kW, 12.27 kW, and
17.38 kW are obtained from the TLC plant with heptane as its working fluid when the heat source
temperature are at 100°C, 110°C, and 120°C, respectively.

Keywords : Organic Rankine Cycle; Geothermal; Subcritical; Supercritical; Trilateral
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159l ORC IngldumasanudeulafinmBuumas
neukarldansinaulseLanuiis (Ory Fluid)
wafldnuinansyie R123 alviuseansninas
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Tidulsavianuanigeaganiniu 36.8 Alagasio
Alansu wagdusednsninmieanusewnanu
Sowaz 10.1 %ﬂiﬁmug_jaﬂdﬁwu Subcritical ORC
ldfansvha Isopentane Uszanadewas 30 Tu
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D. Tiwari et al. [9] la@nwszuumsIATIEn
M9AU Energy Waz Exergy vaslseliiin ORC wag
finswsuifisutuszuu Trilateral Faldansviau
ﬁy’wm 5 gflalaun R1234yf, R134a, R245fa,
Ethanol wag Isopentane Iagldansvingu R1234yf
Juansvhaundn Faduans?i N. Yamada et al.
[10] 1@’1"1/TwmsﬁmmLLﬁawudﬂﬁamiausquﬁa
Tundanufeudifigumaiisuazuiunats D.
Tiwari et al. [9] 39l4 R1234yf 1Ssuiiiunu
1597190 INNANTISANYINUIN USEaNTamw
Exergetic 999a15¥1197u R1234yf wiriusovaz 9
Tndfssiuans R134a dedlawiiudesas 10 lu
52UU ORC waviiiedasdluszu trilateral wuin
UszanNSAIN Exergetic  999a1991191U R1234yf
winiuSesas 40

dnsuuszwalnefiuvasnnusoulafinn
Wudwunnlagamgnsnamile %"aﬁmisqm
Wizdrawnasrudeuldinmiowiunldude
I dsffgumgfidideuludas 100-120 aemn
waidea [11] lummAdeifsinsalidgungd
anantlunssiaslsslings 3 Usviam Usenou
@28 Subcritical ORC, Supercritical ORC uag
TLC LﬁauﬁwLﬁﬂmmqw%g{qqmmL.L.siaxssuuﬁ
azndnls wieuernaussoursu wasdnwans
vhauierliauandgegalurasunasnnuioy
f9Na7

2. S19AZIDYAVITZUUNNINITANEN

TumsAnuniisaasszuuiimun 3 wuu leun
Subcritical ORC, Supercritical ORC g TLC lhag
Tundsenusouldfinnduuvamssnudseglu
sUostn¥ou lussuuidmdsznaudauandlusy
7l 1 vodlsslwiiita 3 uuy Uszneuludegunsal
nan 4 d@ufe Pump Evaporator Condenser
way Turbine Tuumayszuviinszuiunisvinau
Fauandlugud 2

1-2 nsUILMaiNANFULAs UM T NY
WrluduaIessznelaety (Pump)

2-3 nszvaunsianusauivasieuluy
\3aaszmeg (Evaporator) Tngti3eu

3-4 ASEUIUNITATYINUVE IR LAY
(Turbine) aglAsu

4-1 nszuIunsgatuaLTeua syl
Aansnausaluedesniuuiy (Condenser) g
Yhvdedu

6 5 Geothermal
water

Cooling
water 7 8

SUT 1 dhuuszneuwes Subcritical ORC,
Supercritical ORC tag TLC
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3. Nauiinedas
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wuulen Subcritical ORC, Supercritical ORC
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Ops =y Cpyr (15 — 1) (1)

O =11y Cper(Ig — 17) 2)

e

0 = wdwumnudou (Sad)

mo = snnshua Rlansudeiuii)

Cp = anuieaudnie (Alagasenlaniuesen
CRGRG)

T = guudil (eeriwalted)

hf = ur3eu (Hot Water)

i maeLdu (Cooling Water Fluid)

of

Arsunaanualnusaunaisvinaulasu
AUIULANEUNITN 3 ey 4

Qevap = mwf (h3 — hy) (3
Qcond - mwf (hy — ) @
Taofi

h = wunal (Alagasenlaniy)

evap = \A3BITEY (Evaporator)
cond = \A3RsMULLIY (Condenser)
wf @13%11971 (Working Fluid)

NANUAILA Ui azauiilaann feiu ves
T5alndine 3 wuu aunsadwdlaanaunisn
718y 8

i, pump = (h2s _hl)/(h2 _hl) )
Miurb = (B3 —hy) [ (13 = hyy) (6)
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Wpump = mwf (hy — ) )
I/i/;urb :mwf (h3 - h4) ®)
e

i, pump = Uszansnmlowulnstnueadu
UsganSawlowulnstnueaiaiu

77j,turb =
WDHMP = uvesy (I99)
Wopp = uvesiaiu (Ind)

NUFNTNTLVUALNEALS aUT0AIUIN
1aa1naun1sN 9 wazuseansninmieainusou
Auadlaannaunisn 10
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INEUNITN 13

V3:n'1wf><103/p3 (11)
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Auwndlaanauns 14

O=UAAT} (14)
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4. N15LaNd19N191U

lunsidenansiney TNl
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WU R134a, R227ea Inaunasninuiou 100 09A1-
waled R12, R1234ze Tnaunasauiou 115
D9A-waled R124 Tndunasnnusou 120 091
waldua uavansinaudug dwandlunnsied 1

Tuduveanisidenarsieuiildfussuy
Supercritical ORC %Lﬁaﬂm‘iﬁw’mﬁﬁqquﬁ
Ingesnitgamaiuvasnnuieuiielidiuladn
onmgiuarmuduresLisanaNLA3es
sevy a 9afl 3 Tuguil 2 2) avganingauvgdl
INgRveIa iU uennidefinanisdnw
999 J. Haervig et al. [13] ¢@nwransviaud
Tluszvumuitasiauilinugngaazdesd
gauniingatiognitgamgiivesunasauiouly
34 30-50 pariaded a1svhaudilddmsuns
AnwnilldiFenansyieuiitignmgdiiluiauas
UBNYIQUNYIAINAT

wenanitansiaudidenldlusyuy TLC
Iifasunidenansviaiifigumgiingaganin
onmgiunasmnufeuiiondnidesloniafiaziin
sz Iy Supercritical ORC Faansvha
Adonldvents 3 szuvuandumed 1 saitans
Feuiidenidasdumsinuithildfiansands
anududunsewaranuduinsdoduindey
wnuARsanssaurvesszuuiildainnis
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5. NIATIVEBUAINYNADY
TunsAnwiidunisadisuuusianmas
ﬂzﬁmmamiﬁammuaw%@qzjmmwi’lamiauwaﬁ
Tseltith saduitelfuuusiassfiadrstuiinang
Unidefedeinisnsnsaaeunugniesweaiuy
109 lnglddoyauasnanisinaosveslsslnil
ORC %84 J. Fischer [14] &sl§vin13531804 ORC 7i
\Ju Subcritical ORC wag Supercritical ORC Lay
TLC Tnglfansvinauluszuu Ae Cyclopentane

a ° P °
A19719% 1 arsvinauniglunisinass

183

Substance critical critical Type
(kPa) o
R1216 31495  85.75 Dry
R1234yf 3382.2 94.7 Isentropic
R22 4990 96.15 Wet
Propane 4251.2 96.74  Isentropic
R134a 4059.3  101.06 Wet
R227ea 2925 101.75 Dry
R1234ze 3634.9  109.36  Isentropic
) R12 4136.1 11197  Isentropic
% R152a 4516.8  113.26 Wet
E RC318 27775 11523 Dry
i R124 3624.3  122.28  Isentropic
R236fa 3200 124.92 Dry
RE245ch2 2886.4  133.66 Dry
Isobutane 3629 134.66 Dry
R142b 4055 137.11  Isentropic
R236ea 3420 139.29 Dry
R114 3257 145.68  Isentropic
R245fa 3651 154.01 Dry
R125 3617.7 66.18  Isentropic
% R218 2640 71.87  lIsentropic
:2 R143a 3761 7271 Wet
'qf‘j R32 5782 78 Wet
% R1216 3149.5  85.78 Dry
R123dyf 3382.2 95 Isentropic
R1234ze 3634.9  109.36  Isentropic
9 R236fa 3200 124.92 Dry
‘E’ R245fa 3651 154.01 Dry
? Isopentane 3378 187.2 Dry
)
% R141b 4212 204.35  Isentropic
= Cyclopentane 4571.2  238.12 Dry
Heptane 2736 266.98 Dry
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dmSuseuU Subcritical kag Supercritical ORC
gy TLC Wansyheuduin Tauadmsei 2
%Lﬁu’jﬂiﬂw%ﬁﬁmﬂ’nmamLﬂﬁauMWﬂﬁqﬂﬁa
Subcritical ORC A1 Volume Flow Rate (V)
AaaALSosay 4.19 FuAnannslilusunsy
Ananuandivesa sy Javiliiae
AAAALAABURINGTY TabAUAAIALAAELT
AntuiiaildiAudesas 5 eaunsavensuld
Suhuvusassfiadraiulddnuseiiosiass
Wisuievanssourvedlsdlwiiienuuuy s
lanarlinedu
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6. WANNI5LAZIGNITIVY

TunisAnwnildRansanunasnnudoude
Anusauldnan ﬁa@iugﬂmaaﬁﬁau Tnuunas
Anuseuayldoumall 100, 110 uay 120 oA
walea donsinisiua 1 Alansumedundl uay
Foyaisuiulumsassadladliinty 3 uuy
wandlumseil 3

Tun1sdnaeslalilusunsy MATLAB wayld
5e108U38n15 Golden Section Search Method
Wievieinnugvidgeaniuszuy ORC way TLC 13
WUy SauAulUsunsy NIST REFPROP ilafiuan
mauaniAvosasyiudidndudenisdun
ANALTTOUZTRITEUY FINTEUIUNITSIADIUENS
Tugud 3

A1999 2 HENIATINERUANINYNABIVRILUUT AR UTEUBUAUNa AR YR J. Fischer [14]

Subcritical ORC Supercritical ORC TLC
Parameters J, Fischer present % J. Fischer present % J. Fischer present %
[14] study difference [14] study difference  [14] study difference

T1(K) 358.15 358.35 0.06 358.15  358.35 0.06 358.15 358.15 0.00

TZa(K) 380.27 379.98 0.08 384.29  386.64 0.61 - - -
T3(K) 489.00  489.19 0.04 529.00  529.00 0.00 590 589.99 0.00
T,K 396.41  396.03 0.10 401.00  404.04 0.76 358.15 358.15 0.00

T,.K 370.63  370.75 0.03 372.88 372.35 0.14 - - -
Va(l/S) 121.00 115.93 4.19 51.00 51.33 0.65 7 7 0.00
Vq(L/S) 1937.00 1967.10 1.55 1778.00 1799.60 1.21 4993 4993.4 0.01
TG(K) 408.70 407.12 0.39 394.29  394.35 0.02 370.53  370.47 0.02
TK) 348.15  349.03 0.25 348.94  348.94 0.00 348.15 348.15 0.00
n, 0.1727  0.1709 1.04 0.1863  0.1864 0.05 0.1979  0.1979 0.00
& 0.8895  0.8725 1.91 0.844  0.8432 0.09 0.8732  0.8733 0.01
&p 0.3316  0.3237 2.38 0.3782  0.3782 0.00 0.4435  0.4435 0.00
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M13199 3 Jeulvmuaudmsualunsdiaes

Parameter Symbol Value

Hot water inlet T5

temperature (°C)

100-120

( Start )

InpUt: Thf,im ch,in: ch,out: Tsun
n i,pump? n i,turb

4

Assume : My

v

Assume: Pcong, Pevaps Tinturb

Hot water mass flow rate me 1
(kg/s)

Hot water pressure (kPa) P, 300
Cooling water inlet T7 30
temperature (°C)

Cooling water outlet T, T +10
temperature (°C)

Cooling water pressure P7 300
(kPa)

Pinch point temperature ATpp 10
difference (K)

Isentropic efficiency of

pump ni'pump 0.65
Isentropic efficiency of

turbine n 0.85

iturb

4

Calculate

No

A Ty cond and AT
=10K

pp evap

OUtpUt Ths,out: ch,out: Qevap: Qcond: Wnet;
VFR: UAevap: UAcond

No

End

JUN 3 unuianszuIuMIAMANnAEnS
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7. NaNTSANEIRAZaAUS18NE

7.1 wan1531a@9 Subcritical ORC
1INN13918098I5¥UY Subcritical ORC
slefinnsandenansvinudifigaumaiingalnd
woaazlilndifsaiugnmgiiundsanufeudal
gaunilludne  85-154 asmwailiea 3 18 a3
vihau fauandlumsisil 1 nanssiasmuiy
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lanzegnadaiuvasnuougamgil 100 83
Wwaled ANUENSEIanveILAzanTYInIY Aoy
T19a97 wazaziiulddn euwvdsnuioud
QmmﬁqasﬁumiLﬂﬁauLLUaamaqawqu%asLﬁu
IFaauty fenuin arsvhauilfeugegei
uwaanNTeugaMgil 100-110 By BATYa Ap
RC318 wawfl 120 ariwalia A R227ea 41U
avidgeanivileie 4.78, 7.74 uaz 11.85 Aladad
RHRRET ﬁaﬁﬁua?{mmqm%mmLmasqmmgﬁ
uwnssaudoudAwiniu 4.56, 7.32 uaz 10.81
Aladng muaau
vennigmuhashaiifguniinigs
UszdnSamnieanuieuazgemu uazdmudn
asvihnuilauansge avdsualiien UA Tugud
4 p) gewa druan VR Tugudl 4 9) Andlmsnszane

Tifuwaldy Famnfinnsan fuvasaiudou
oaumndl 120 psrniwaidoa Lasannithlddn azuiu
Jransvhauiial Critical Temperature 101.75 84
waya (R227ea), 115.23 oamwaidiod (RC318),
139.29 asmwalea (R236ea), 133.66 36
walua (RE245ch2) way 154.01 serwalded
(R245fa) Feduduansvhaudszsnn Dry Fluid
(@n9157971 1) 9dien VFR a9 dloansviaudionn
nedeatsiy asvhaurzddiaausiuledou
fae (Superheated Vapor) AMUNUILUUANT
Muaziadey I liuTunsdnwz (Specific
Volume) fienunn dawaliiflotlufiansananu
aunisi (13) vlsasdiunisivaldesuns
(VFR) fiengenna Tuvmzifierdu 9edid VAR deu
W flgamniingavesansviinuvitiu 111.97
pamwaldea (R12), 113.26 osrmwaldod (R152a),
122.28 oamwaldoa (R124), 137.11 samwailed
(R142b), 145.68 sarnwalua (R114), Fuduans
FauUsEAN Wet wag Isentropic Fluid 3sans
¥ 2 Ussani dleansyhaueenanniety §i
Tomafizinnsnaus videluvewauszninle
fluveawal Vilvdanuvuiwiuansinaugendy
ansfiftaonurlofoudien Sedamalyi VR fienios
N@15vINUYIZION Dry Fluid
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BIMATYA Feans R245fa dAaugmslndifes
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7.2 Wan13391884 Supercritical ORC
amshauililunsiiaest 6 viadgnmgd
INgRasETagluYie 66-95 sargaTua 3NN
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Abstract

This research aims to develop the waste heat energy conversion device
to generate electricity through a thermoelectric generator (TEG) which is called
“CHEU. This device is applied to the LPG cookstove that serves as a waste heat
source. The thermoelectric generator with 4 modules in series connection is used to
convert heat energy to electricity. The present research shows a modification of the
CHEU based on two concepts as follows: (1) re-design the structure for heat transfer
improvement, and (2) select the high capability of TEG to support a high temperature
from a heat source as a result of (1). In this study, the modified CHEU is called
“MCHEU”. A heat-load condition is set as the gas pressure of LPG, which varies in
arange of 0.1 - 0.6 kg/cm?, and the throttle valve is fixed approximately at 40% of a
fully opened throttle, while the air entrainment is fully opened throttle. Also, the
water-cooling system is used for heat dissipation. Base on the performance evaluation
of MCHEU, the interesting results are drawn as follows: 1) the maximum temperature
difference is on an average value of 278.5°C at a maximum heat load condition, while
a maximum voltage, current, and power are on an average value of 18.83 V, 5.67 A,
and 107 W, respectively. 2) The temperature difference of MCHEU is higher than that
of CHEU with an average value of 50%. 3) The output power obtained by MCHEU
is higher than that of CHEU with an average value of 52% and takes less time about
40% for fully charging a battery (12V 7.5Ah). Nevertheless, MCHEU usage does not
affect the thermal efficiency of a cookstove. 4) The efficiency of an energy conversion
obtained by MCHEU is 20%, which is higher than that of CHEU about 2%.
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1. Introduction

The domestic cooking stove is still
necessarily used for cooking food that
is the one-fourth factor for human life.
Typically, there are many utilizations for
using the cookstove namely households,
food businesses or food industries, etc.
The liquefied petroleum gas or LPG
served as a fuel is used for many domestic
cookstoves. According to the information
on the energy consumption of LPG gas
from 2010-2018 [1], [2], the LPG usage
continuously increased. Now, it is the
third-highest used fuel beside diesel and
gasoline. As a result, the price of LPG
increases yearly in Thailand. In general,
the efficiency of LPG cookstove is just
only in a range of 20-50% [3], and the
rest is the heat loss into the surrounding.
These energy losses are a high proportion
when compared with the useful energy.
Hence, it is an important problem
for researchers who are interested in
improving the efficiency of a gas stove
with a friendly environment.

To obtain high efficiency and
energy saving, the gas stove has been
continuously developed by many
researchers. Until now, the efficiency
of the cooking stove is about 50-70%
[4]-[6]. Unfortunately, the development
of cookstove is limited by some reasons
such as heat flow characteristics around
the hot side and the cold side of the
TEG. Therefore, the waste heat recovery
(WHR) is additionally considered as a
way to improve efficiency. The WHR is

divided into two categories. Firstly, the
waste heat recovery is used for increasing
the efficiency of a furnace or gas stove
[5], [6]. Secondly, the waste heat energy is
converted to electricity through a device
that is called the thermoelectric generator
(TEG). D. Champier et al. [ 7] studied the
thermoelectric power generation from
biomass cookstoves. The results showed
that the water-cooling system provided
higher efficiency than air-cooled units.
In addition, the biomass burner could
produce approximately 7 W of power, of
which 1 watt supplies power to electronic
devices. The remainder was charged into
the battery for a 2 W LED bulb of the
lighting system, and 1 watt of a fan to
feed the air into the furnace to increase
combustion efficiency. R. Sakdanuphab
and A. Sakulkalavek [8] studied the
design of a waste heat recovery unit with
a thermoelectric generator. The purpose
of this paper was to study the influence
of high temperature and the volume of
water on the power generation and water
temperature. The results showed that the
high temperature was more significant
than the volume of water. The efficiency
of the WHR was higher than 80% due to
the improvement of the thermal contact
between the heat exchanger tube and the
aluminum block. It also showed that the
thermal efficiency was reduced by 5%
when the WHR installed. A. Montecucco
etal. [9] studied the use of 4 thermoelectric
modules with Bi Te, material that were
applied to the solid fuel furnace for
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charging batteries. The results showed
that the heat power of 600 W could be
converted to the electric power by 27 W
for a 2-hour combustion period, and the
thermoelectric efficiency was about 5
percent. M.J. Deasy et al. [10] studied
electricity production from a biomass
stove with a Bi,Te, thermoelectric
module using the Maximum Power Point
Tracking (MPPT) control system and
passive liquid cooling thermosyphon. The
results showed that the maximum power
output from a biomass stove integrated
with a thermoelectric was approximately
5.8 W. The electricity was stable at
the condition of 5 V via USB port for
charging mobile phones, light bulbs, and
an electrical energy storage device. Also,
the result met the average power output
that was higher than 4 W and this was
enough to charge low-power electrical
devices. S. Hemhiran and D. Tanpradit
[11] studied the production of electricity
from waste heat of the gas stove using a
thermoelectric generator. The condition
at gas pressure was in a range of 0.1
to 0.6 kg/cm? and the air entrainment
was kept constant throughout the test.
The results showed that the maximum
power output was approximately 53.3
W at the gas pressure of 0.6 kg/cm?,
with the high and low temperature of the
thermoelectric at 250.5°C and 65.5°C
respectively. The efficiency of the TEG
and the conversion efficiency were 5.3%
and 18% respectively. In addition, when

the electrical load was appliedtoa 12V,
7 W of LED lamp at a gas pressure of
0.3 kg/cm?, the temperature difference of
thermoelectric was about 135°C which
could operate the LED lamp.

In the literature review above, the
thermoelectric generator was mostly
used for a biomass stove. However, so
far there have been few studies of using
the TEG for a household gas stove, which
is mainly used for the food industry.
Therefore, this research focuses on the
improvement of a waste heat energy
conversion device to generate electricity
through the TEG applied to a household
gas stove, which the KB-5 cookstove is
used without any modification. In this
study, the waste heat energy conversion
device of S. Hemhiran and D. Tanpradit
[11] is adopted. The structure of the
device is modified by re-design for an
expected rate of heat transfer enhancement
to obtain effective conversion into
electrical power. The present study
not only investigates the characteristic
of the modified CHEU (MCHEU) but
also compares energy results with those
obtained from the original CHEU.

2. Research Methodology

This section explains research
methodology and the basic of
thermoelectric, principle, mathematical
model, materials and experimental setup
and procedure, which are in the sub-
section, are introduced as follows:
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2.1 Basic of Thermoelectric Generator

The thermoelectric generator (TEG)
device is a conversion device based on
Seebeck’s effect, which is composed of
one or more thermoelectric couple. The
simplest TEG consists of a thermocouple,
comprising a pair of P-type and N-type
thermoelements or legs connected
electrically in series and thermally in
parallel. The TEG device will generate
DC electricity as long as there is a
temperature gradient between its sides.
When the temperature difference (AT =
T, —T,) across the TEG device increases,
the more electrical output power will be
generated as shown in Fig. 1.

HEAT RELEASED BY COOLING

______ AR

E THERMOELECTRIC
FROM @ + @ GENERATOR
TEMPERATURE ! i MODULE

DIFFERENCES E_ # _i’qf’f.wﬁfﬁ:- -?. i

| WASTE HEAT FROM COMBUSTION

ELECTRICITY |
PRODUCTION 1 =

|
| LAA
Fig. 1 Thermoelectric Principle

2.2 Mathematical Model

In this section, mathematical models
are formed to analyze the thermal
efficiency, heat transfer, a cooling system,
an electrical power, and energy balance
for the TEG gas stove application.

Useful
Electrical| | energy to

Heat TEG
Losses Losses
ODioss Ooss 186

Fig. 2 Sankey diagram for TEG stove

2.2.1 Thermal Eefficiency of Cookstove
As shown in Fig. 2, the energy
balance is started by equation (1),

0,=0,,=0,+0, M

where Qm is the heat energy input that
can be carried out by equation (2),

0, =1, x LHV 2)

The primary useful heat ( Qu) is useful
energy rate defined as equation (3),

0, =, c, (AT)+m h, 3)

and is the primary loss of cooking stove.
Then, the thermal efficiency of the gas
stove can be calculated by equation (4),

Ihwtcp,w (AT)+ Ihvphfg (4)
i, LHV

Here, m , is the rate of water (kg/s), c,

is the heat capacity of water (kJ/kg°C),

AT is the temperature change of water

(°C), m, is the rate of stream (kg/s), A -

is the latent heat of water (kJ/kg), .

My =
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is the mass of LPG fuel (kg) and LHV
is the low heating value (kJ/kg).

2.2.2 Heat Transfer of TEG
When 7, is known already, Qw is
defined by equation (5) and (6).

0,=0,0-n,) (5)
0, =016 + O (6)

It is the waste heat from combustion.
The term ch is the partial waste heat
energy transferring to the TEG module,
and Qe is the electrical energy. The
relation between 0, and Q. can be
identified by equation (7), and it is
equivalent to the heat transfer from heat
source to heat sink, which can be expressed
by equation (8) and is shown in Fig. 3.

QTEG = Qe + Qloss,TEG (7)
. T,,-T,.
O = 1 = (8)
1A, A MY MY 1
4 kydy  kpdy  kcdy  kpds  nhs(4y+ndg,)

where k is the heat conduction coefficient
on each material, &, and & are the
convection coefficient at positions 1 and
5, respectively, AX is the thickness of
each material. The water-cooling flow
through the low-temperature side of the
TEG 1is used for this study because of
the high heat transfer rate [7]-[11].
The rate of cooling Q.

‘00l can be
expressed by equation (9).

Qcaol = mwccp,w (Twa - Twi ) (9)

where m__ is the rate of water cooling,
T  and T  are the outlet and inlet of
water cooling, respectively.

2.2.3 Thermoelectric Capability

The property of the TEG is very
important to identify the performances
and characteristics of the TEG. Two
parameters, 1.e. 1) Seebeck’s coefficient
and 2) the equivalent thermal conductance
(K), are used in this study as shown in
equation (10) and (11), respectively.

Tool —_—
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| Aluminum plate |

TEG Module |

mo m O

Aluminum plate with heat
sink (Cooling section)
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R A A A A
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Fig. 3 Heat transfer model for analysis
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The heat flow from the exhaust is
absorbed at the hot junction (Q, ), whereas
the cold junction (Q) is released to the
cooling system. They can be seen as
equation (12) and (13), respectively. [12]

O, = N(SIT,, + K(AT)—0.5I°R) (12)

O, = N(SIT, + K(AT)+0.5I°R) (13)

where 4 is the cross-sectional area of the
each leg , V' is the voltage output, AT is
the temperature difference across the
TEG, k is the conductivity of material,
N is the amount of the TEG modules and
[is the length of P-N type, / is the electric
current, and R is the electric internal
resistance. The efficiency of the TEG
or thermoelectric conversion efficiency
(11,z)can be calculated by equation (14).

0,

Nree = 0, (14)
The electric power can be calculated and
is then compared with the measured result
as equation (15) for validation.

Qe:VI:Qh_Qc (15)

2.2.4 Energy Balance Equation

The heat balance equation of the
system can be simplified by equation (1)
—(7), as seen in equation (16), which the
total heat loss of the system arises from
the main heat loss onss,w and the loss

of the TEG module Qm,nzc' Therefore,
it reveals that the electrical power O
can be determined, if the term of () ,
Qu > Qloss,ZEG ’ Qloss,w are known by
solvingin equation (2), (3), (6) and (15),
respectively.

Qin = Qu + Qe + Qloss,TEG + Qloss,w (16)

2.3 Material & Experimental Setup

and Procedure

The concept design for the modified
converting heat to electricity unit
(MCHEDU) is discussed in this part.
Also, the materials used for structure,
the water-cooling system, and the
experimental setup and procedure are
presented.

& — i

2 llmltatlo"
insade the chan: ¥
= <

To solve 2 limits

(a) (b)
Fig. 4 The problems of (a) original
CHEU and (b) modified CHEU

2.3.1 Concept Design of MCHEU

In previous research [11], the
converting heat to electricity unit
(CHEU), as shown in Fig. 4(a), could
produce some electricity from the waste
heat of a cookstove. However, the CHEU
encounters some limitations of the heat
flow characteristics around the hot side
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and the cold side of the TEG as also
shown in Fig. 4(a). Hence, the concept of
re-design for the modified converting heat
to electricity unit (MCHEU), as shown
in Fig. 4(b), is introduced to overcome
these limitations. The basic idea for
the structural design of the MCHEU is
expected to be a circular shape because
a circular shape is outstanding for the
circulated heat flow, as depicted in Fig.
5. The area of the total internal surface
of MCHEU is 0.0525 m? which is more
than that of the CHEU about 2 times. The
cross-sectional area of the water-cooling
system is 90 mm x 90 mm, and there are
two holes for a water inlet at the top and
an outlet at the bottom. There are some
baffles between the water inlet and outlet
holes to ensure that the water can flow
throughout all heat sinks. The 4 modules
of the TEG are sequentially mounted on
each plate that is a rectangular area with 60

4.1 Battery12V7.5Ah
4.2LED 12VDC7W
4.3FANDC12V

4.4 Water pump DC 5-12V

4.5 Digital Temperature Control

TTM-14/15
@ Ioad 4.6 Pow/erlnvener

(DC 12V to AC 220v 150W)
=

7%

\
=

Fig. 5 Design for MCHEU prototype

4 TEG module on each plate

Water-cooling zone Water-cooling Inlet

Water level
measured
port

Baffle plate

Water-cooling Outlet Alsminum Eins

Fig. 6 MCHEU Structure

Steel plate Water level check

Hose

Water-cooling

Water-cooling Inlet

Water-cooling
zone zone

Fig. 7 MCHEU Structure & components

Heat Source

[+4] Q¥ 4

= | [22]
- =i
=

Electrical Control Unit

2.1Charge Controller
2.2 Connector
2.3 Switch
2.4 Digital indicator for charger
E‘ 2.525A Solid State Relay
SSR-25DD (DC to DC)

Fig. 8 Apparatus and components Installation
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mm % 100 mm, as shown in Fig. 6. The 50
mm x 100 mm steel plate with a thickness
of 5 mm is used for covering the TEG
to prevent an overheated TEG at the hot
section, as shown in Fig. 7. Otherwise, the
TEG will be dramatically deteriorated.

2.3.2 Experimental Setup

A KB-5 LPG gas stove equipped
with three main units is used to experiment.
At first, The MCHEU works as a waste
heat energy harvester. The 4 TEG
modules, which are connected in the
series because of promoting the current
flow dominantly [12]-[13], are embedded
inside the surface of MCHEU. The main
parameters of the TEG are listed in
Table 1. All TEG modules are attached to
the k-type thermocouple for temperature
measurement at hot and cold sides. The
accuracy is +/- 2°C in a range of 350 —
600°C and is also combined to the data
logger of the Yokogawa MV2040 series
to monitor and record data. (Please check
this sentence again)

Table 1 TEG’s performance of CHEU
and MCHEU

No List of specification Original CHEU Modified CHEU
TEG-241-1.4-1.2 TEG-241-608

(W 115V 1.25A 7Q)  (19.7W 14.4V 2.9A 2.5Q)

1 Thermoelectric generator
(4 modules)

Material in module Bi,Te, Bi,Te,

2

3 Maximum temperature at hot side,(°C) 250 400

4 Seebeck’s coefficient, (V/°C) 0.068 0.053
5 Heat conductivity, (W/m°C) 1.26 1.30
6 Internal resistance (Test), Q 7 25

7 Size (WxlxH), mm 54.4x54.4x4 56x56x4

Secondly, all electrical wires on the TEG
are connected to the digital multimeter of
Kyoritsu model 1009 for measurement

and are also combined with the electrical

controlunit (ECU). The ECU is composed
of the electrical charge controller and
the electric power distribution. The
electricity distributes to the load via
connectors such as a 12 V and 7.5 Ah
battery,a 12 Vand 7 W LED, a 12 V fan
DC, a 12 V water pump DC, a digital
temperature control TTM J4-J5 and a
power inverter (12VDC to 220VAC
150W). Thirdly, instead of the air-cooling
system, the water-cooling system (WCS)
is used with MCHEU because it can
provide higher heat transfer rates [7]-[ 11].
This system consists of a 23-liter tank, a
5-V water pump operating at 3.9 L/min,
and a hose for water flow. All devices can
be seen in Fig. 8.

2.3.3 Procedure

Firstly, the LPG fuel tank with a
regulator is placed on the digital weight
to measure fuel consumption during the
test. The tank contains 23 liters of water
that is combined with the small cooling
tower. Fig. 9 illustrates all equipment and
devices that are installed for experiments.
They must be precisely checked for
availability, then switching on the ECU.
Later, the 3 liters of water is supplied
by a pump into the pot, which places
onto the MCHEU. All data for the initial
condition such as the water temperature
in the tank (WCS) and weight of the LPG
tank before the test are measured and
recorded. Then, the regulator is adjusted
to 0.1 kg/cm?, while the throttle valve
for primary airflow is fully opened by
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following the condition as listed in
Table 2. The gas pressure is varied in
the range of 0.1 — 0.6 kg/cm? that serves
as a heat load because this condition
can produce a high temperature under
the TEG specification. During the water
boiling, the temperature on both sides of
the TEG and the electrical parameters
are recorded by the data logger until
it approaches steadily for 20 minutes.
When the first condition is finished, it
continues to the next condition according
to Table 2.

Fig. 9 Equipment installation

Table 2 The condition for TEG test

No List Conditions
1 LPG Gas stove KB-5
2 Gas pressure (kg/cm2) 0.1-06
3 Position of valve for air combustion Full throttle
4  Position of valve for fuel controlling 40% of full
5  Cooling system Water-cooling
6  Water quantity (L) 3.0
7 Boiling time (min) 20

3. Results and Discussion

The temperature characteristics of
the TEG and the electric voltage, current,
and power are discussed. Also, the

comparative study between the CHEU
and MCHEU is investigated. Fig. 10
shows clearly that the hot-side temperature
of the TEG increases proportionally
with the gas pressure because more fuel
combustion causes the increase in the
combustion temperature, while the cold
side of the TEG is controlled by the
water-cooling system. As a result, the
temperature differences increase with
the gas pressure in which the maximum
temperature differences are 269.8°C and
278.5°C at 0.5 kg/cm? and 0.6 kg/cm?,
respectively. Because of the limitation of
the TEG property, the temperature at the
hot side of the TEG must be prevented
by the steel plate to keep the temperature
lower than 400°C. Consequently, the
temperature differences at the gas
pressure of 0.5 kg/cm? and 0.6 kg/cm?
are slightly different. Figs. 11 and 12
show the average electric voltage and
current outputs that are plotted against
the temperature difference of the TEG
at variant gas pressure. The results show
that when the temperature difference
increases, the electric voltage, and current
output almost linearly increase [11],
[12]. In fact, the Seebeck effect of the
TEG reveals the constant of the Seebeck
coefficient, which is shown by its slope of
the result. This is approximately 0.0668
V/C to relate linearity between them, then
temperature difference, and the electric
output is almost linear.
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‘\s __, - Thermoelectric generator (Be-Ti) 4 modules

’ g - Atfull throttle of air valve
- Water-cooling system

< 400.000
2 300.000
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Gas Pressure(kg/cm?)
B High temp. B Low temp. B Temp. differences

Fig. 10 Average temperature of TEG

Figs. 11 and 12 also indicate that
the highest voltage output is 18.80 VDC
at the maximum temperature difference
of 278.50°C with 0.6 kg/cm? of the gas
pressure, whereas the maximum current
output is 5.70 A at the same condition.
The effect from those results can be
integrated by Fig. 13, which reveals the
electric power.
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Fig. 11 Electric voltage of TEG
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Fig. 12 Electric current of TEG
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Fig. 13 Electric power of TEG

It shows the maximum power is
approximately 106.90 W. This result
corresponds to the result reported by [11]
and [14]. Furthermore, a 12 V and 7 W
LED lamp can be operated over 70°C of
the temperature difference [12]. In the
present study, the TEG provides a 7%
average efficiency, approximately which
also agrees with the efficiency reported
by [11], [12].

Fig. 14 shows the validation of
the computed TEG’s output power
which is done by comparing it with the
measurement and calculation. Clearly,
the trend of the measured result agrees
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with the calculated result. However,
the calculated result is lower than the
measured result, on an average value,
about 20%. This error occurs due to
the inaccuracy of a measured Seebeck
coefficient (0.0668 V/°C). In addition, the
Seebeck coefficient is further studied in
the case of 0.85, which is very close to
the experimental result.

]
S

—e— Electrical Power (Measurement)
—&— Electrical Power (Calc.by eq.12,13)
7| —%— Electrical Power (Calc.by eq.12,13)
A Electrical Power (Calc.by eq.12,13)
—#— Electrical Power (Calc.by eq.12,13)

3
o

@
o

Seebeck's coeff. = 0.085 —.

-3
o

Seebeck's coeff. = 0.080——, >3

F
o

Seebeck's
coeff. = 0.075

n
o

Seebeck’s coeff. = 0.067
(from experiment.)

Average Electric Power Produced by TEG (W)
o

0 50 100 150 200 250 300
Average Temperature Difference (°C)

Fig. 14 Validation of power output.

Fig. 15 presents the thermal
efficiency of the gas stove with and
without MCHEU. One can see that the
thermal efficiency with and without
MCHEU is 27.5% and 27.8% on average,
respectively. It is insignificantly different,

27.80

w
N

Thermal Efficient of LPG gas stove (%)

- At 0.6 kg/cm2
of gas pressure

=
(=2}

- Test Time = 20 min

‘T

A
*” i <= CHEU

Y]
\y y

(<]

IS

N

o

Without CHEU With CHEU

Fig. 15 Thermal efficiency of gas stove

I ot side of TEG for CHEU
I Hot side of TEG for MCHEU
I Cold side of TEG for CHEU
I Cold side of TEG for MCHEU

Average Temperature
at hot and Cold side of TEG (°C)

01 02 03 04 05 06
Gas Pressure (kg/cn’)

Fig. 16 Temperature at hot and cold side

only0.3% [8] and [11]. Thus, it indicates
that the cookstove can be integrated by
MCHEU without reducing efficiency.
The comparative results between
MCHEU and CHEU can be seen in
Figs. 16 - 21. Fig. 16 shows the hot and
cold side temperatures of the TEG with
CHEU and MCHEU against the gas
pressure. Obviously, the temperature
at the hot side of MCHEU is much
higher than that of CHEU. This may be
explained by the fact that the MCHEU is
improved by re-designing the structure
for a turbulent flow enhancement of the
exhaust gas, while the control of the
temperature at the cold side is attempted
by the water-cooling system. The results
indicate that the highest temperature at
the hot side of MCHEU and CHEU is
364.71°C and 250.50°C, respectively,
at the maximum heat load. Next, Figs.
17, 18, and 19 compare the results of
the open-circuit voltage, the electric
current (Short-circuit), and the output
power with the CHEU and the MCHEU
against with the temperature difference.
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They show that at the highest heat load,
MCHEU can provide the maximum of
the electric voltage (Open-circuit), the
current (Short-circuit), and the power
output of are 18.8V, 5.7A, and 107W,
respectively. Meanwhile, 38.8V, 1.4A,
and 58.1W are given by CHEU. Fig. 17
also indicates that the open-circuit
voltage of CHEU is higher than that of
MCHEU approximately 2 times. This is
because the Seebeck’s coefficient of the
CHEU is higher. In contrast, the current
of MCHEU is higher than that of CHEU
about 4 times, as seen in Fig. 18. This is
because of the high capability of TEG’s
specification.

However, although the voltage
output of MCHEU is lower, the power
output of MCHEU is higher about 2
times, as shown in Fig. 19. Namely, the
output power obtained by MCHEU is
higher than that by CHEU approximately
50%. This is because the temperature
difference of the TEG is increased by a
modified structure to improve the heat
transfer. Moreover, a high capability of
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Fig. 19 Electric power of TEG

the TEG is used to withstand the high
temperature from the exhaust gas. Also,
a LED lamp (12VDC 7W) can be
operated by both CHEU and MCHEU
at the same condition but MCHEU can
produce more power than CHEU.

Fig. 20 presents the battery-charging
time between CHEU and MCHEU. The
result shows that the battery (12V 7.5Ah)
is charged by MCHEU and CHEU at
the rate of 0.37 V/hr and 0.16 V/hr,
respectively. Hence, the charging time of
MCHEU and CHEU can be estimated for
4.5 hours and 7.8 hours at a full-charged
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battery. It means that the battery can
be charged up faster by MCHEU. As a
result, the electric current flowing from
MCHEU into the battery increases with
an increasing duty cycle as the duty cycle
1s further increased [15].

At rate 0.16 V/hr
At rate 0.37 V/hr

© B N W & U O N ® ©

Charging battery time (hr)

Modified CHEU Original CHEU

Fig. 20 Battery charging time

To complete the comparison, the
energy-saving provided by the gas
stove with CHEU and MCHEU is
presented in Fig. 21.

Original CHEU

&

Modified CHEU

=

Fig. 21 Energy saving aspect

The pie charts are divided into three
parts, namely, the useful energy, the
energy conversion (Electricity), and the
energy loss. It is clear that the gas stove
with MCHEU and CHEU can recovery
the electricity by approximately 20%

and 18%, respectively. Also, energy
loss decreases by 2%. This means that
the waste heat can be converted to
the electricity increasingly by the gas
cooking stove with MCHEU. Also,
the gas cooking stove with MCHEU
can operate with being more friendly
environment. and the use of MCHEU
does not affect the thermal efficiency of
the gas stove.

4. Conclusion and Suggestion

This work emphasizes the importance
of developing the waste heat energy
conversion device to generate some
electricity through a TEG. Through
analysis and discussion, the performances
of the MCHEU are investigated and
compared with those of the original
CHEU as concluded in Table 3.

Table 3 Comparison between CHEU and

Original CHEU  Modified CHEU
No List for comparison Differences
results result
1 Temperature differences of TEG (Range) 112-185°C 265-2785°C § 153-935°C
2 Maximum Power produced by TEG 5179 W 107 W f ssa3w
3 Charging battery time at full 78 hr a5 hr O
{12V 7.5 Ah of battery capacity ) (atrate 0.16 V/h)  (at rate 0.37 V/h)
4 Thermal efficiency of gas stove 278 % 225 % | 03 %
5 TEG efficlency 53 % 7% | e
6 Conversion efficiency heat to electricity 18 % 20 % [ 2 %

The interesting results are
summarized as follows:

1) The maximum temperature
difference of MCHEU is on an average
value of 278.5°C at a maximum heat
load condition, thereby obtaining the
maximum voltage, current, and power are
18.83V,5.67 A, and 107 W respectively.

2)On average, the temperature
difference of MCHEU is 50% higher
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than that of CHEU. 3) The output power
obtained by MCHEU is higher than
that of CHEU with an average value of
52%, and takes less time about 40% for
fully-charging a battery (12 V, 7.5 Ah).
Nevertheless, MCHEU usage does not
affect the thermal efficiency of the gas
cooking stove. 4) The efficiency of an
energy conversion obtained by MCHEU
1s 20%, which is higher than those of
CHEU about 2%.
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