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Development of a Cashew Nut Fryer with a Suitable Agitator
Design Process and Frying Color Detection System
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Abstract

Background and Objectives: Frying cashew nuts requires experienced workers to stir the
nuts in hot oil to maintain the nut temperature in the frying pan and to determine when
to stop the process based on the desired nut color, hence reducing the risk of poor-tasting
products. The objective of this research was therefore to develop a cashew nut fryer by
designing a suitable agitator arrangement and integrating a color detection system to monitor
the color of the nuts.

Methodology: A model that can be used to simulate the agitator to determine the fluid
distribution pattern was devised. Then, the appropriate agitator rotational speed for frying
was determined by calculating the coefficient of variation. The color measurement system
was developed and utilized to capture the nut color in CIE L*a*6* color space to classify
the level of fried cashew nuts from the images collected during the frying process.

Main Results: Installing an additional agitator beneath the main agitator and adjusting its
orientation angle relative to the main agitator axis, bringing it closer to the pan surface, could
improve the fluid distribution around the center of the pan. The results from testing the
prototype show that the coefficient of variation at all five agitator rotation speeds dropped
below 30 percent within the first minute. The color measurement system results indicate

that the a* and b* values tended to increase as frying progressed toward completion, while
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the L* value tended to decrease.

Conclusions: The additional agitator improved fluid distribution across the pan. The coefficient
of variation from testing on the prototype was below 30 percent within the first minute at
all agitator rotation speeds. The color measurement system successfully classified the fried
cashew nuts into three levels: beginning, medium, and proper frying. When cashew nuts
were fried with the aid of the temperature control system and color detection system, the
recommended frying time was found to be 8 minutes, resulting in a suitable product color
for consumption.

Practical Application: The results from this research can be applied to other fryers or stirring

machines that require product classification based on color.

Keywords: Frying Machine, Cashew Nuts, Design, Agitator, Color Detection System

Introduction
I\ a ¢ & a da \ | a g A

wziAnmudduivasygianluaanisugnegluuisgininvesusemelng lngiud
'51mavi']ﬂmL“fJuLma'aL‘wwzUQﬂmzmqﬁmwmﬁmnﬁthﬁwi’mqmﬁmﬁ NAUIAMAIYUYUENTD
Na(ﬂLL@%LL‘UEE‘ULmﬁfﬂmzﬁwﬁmv\l’mﬁﬂﬁﬂmﬂgﬂLL‘U‘U wu nseuludnde nmen wseUTITAYIA

& ' a & & a o & al ° DXy | P A
wanuzaunuanesdundadueitanunsavinelabidungulailueged Tnenseuiunis
‘1/1amﬁ‘v’haeﬂu{]fuﬁgﬁuﬁfué’fﬂ%’LLiNmﬂﬂumimm’{wmﬂ%’mw%ammﬁdﬁmﬁmmmqﬁmwmé
1ASUAIMLSAUBEN19 DTl UUNNTUNITNDAAIB K IUALDI9E a1 savi b AnNISNSEae
AuSoulpagranisdamalidvoundnusa i unudLANA 1 TUAINALIT I YUY
1 Na v =l a W a ) =l =3 2 (Y]

wharAu anwunsaviuliazluuisuUsemuwasiinnIsuaniniderie aziulaintadelu
ﬂizmumim@LmﬁﬁmzmqﬁmwmﬁﬂﬁaaﬂmauyizﬁﬁuﬂizﬂauiﬂﬁaaasjwﬁaEJ 3 Jadumienume
ANMNSDUVDIUNITY N15NTEINYFIVDIUAAULUWAUNUAVULNOALAL AV IUAANLUITRUNIUS

nAEiNgRnssuveetinasnniseentuuluinniuleglinamansveslaeruiu
(Computational Fluid Dynamics, CFD) agaaglunisusziiiunisindeuiivesusslualaaznin
Wy [1-4] wazdengluns@nvinansenuainnisesniuuiusaluniuvseduriansanea
e v = Al a o | Y a )
lvinanisindounvesvedlnaimvunzauduudasUseinnaulannga [5-6] nsdudunanis
ANWINLUUINABIAINAIEIUITYINNNSNAABUIS e lduUSEaNT VIR USUSIU (Coefficient
of Variation: CV) Tun1snaaauninisnszanesvasvadlua [7-8]

1aNINTATBAINNITOINUUUNIINTLANYFIVBUNAAULUWAUNIUA L UL LA M UN O ALAD
sruumIuANANgnaasnisneanlutdaduddyiiinadesafwasaanuudiFulseniuves

Tongtib et al. (2025). “Development of a Cashew Nut...,” Science and Engineering Connect 48 (1), pp.53-68



56

Handae n1svendngiuszaunisalazlianfuiiisananatlunisvensgrafeiusazdunnaing
Yoadnushfiunuivarnentindiy :niamsianunsaiaundunisinseidananey
Ielpenisifivteyavesnmangluszuy RGB wiulasanduusdidussuuinnsgiu CIE L*a*0*
WlemAnasmuraanAeuYeIsERUE [9] Mntusuhlusuunsesuaudivesd [10] nadlady
sriunnatiesdnansnhluliduteulslunsesnuuussuununuso ULy

mndymitnaniundu Safuiiivescuddeididunaniunsimuieiomeonudnuzaas
Aumuddieniseeniuulassaidluniuliuinrauiunisen lnganuisaviliudnuyaisiuniusg
nszangldehshiatansenuareenuuUsTUUNTISUATe ALEaNE s RN us NN senLiioth
W#lunsmuaumalin- Tnndufadsasiouttgmnsdemeiiatulihenduiuasanuioud
limanean saludinsussudamdsnunaznaiflilunismendsazaeanaldinglughuidomas [11]
wagiindsnasdaliiuiamivgusuluiuilasnuideiuiaduaesdufomsssniuulasads
TuANILLAYNTRRNUUUSE UUATIATUE

Objectives
- Wawazeanwuulunuildlunsnenuinuesiaeiuniud
- BONUUUTZUUATIITUEvLunuiuvnudnldauaussuula-Unndiufa

Methodology
Tuduwesisnsiselunuiluialuassdiie druusnillunsiauazosnuuugaluinniuuay
NadaumAdNUsEansvaInNLUsUTIN (Coefficient of Variation, CV) Wiainn1snszanevas
vadlva wavdrunasaduniseaniuuszuunTITUATRILEANzIRIN UGV noa o1t Ju
Reoulvlunismuauszuula-Unnduia
nsaLuazaanuuuluianIy
matareonwuuluinmuiltlunuyumurewesradmsulivenudauzaisiumiud
msiansannwarnansvediva [1,5,12] lngordednwasiar JUiveamaafoungesuielaain
aun139e3nYNIa (Conservation Equation of Mass) flenasiuvesnaninaiiuazeendsuing
[ c{' 2 ] A a < =
AIvANIIUgnT ISR awewasnaludsunsmvantuazliei s Jureadlvan
= Y M v a v ¢ [J
Tudndalale aunisdeeusndunauanadu (1)

oip _ 5. =
o> =V (V) 1)

Tongtib et al. (2025). “Development of a Cashew Nut...,” Science and Engineering Connect 48 (1), pp.53-68



57

dlo p e anuvwduresvedlarhau (kg/m?), V fie nnwesanuswesvediva (m/s)
waziansanusazluuRuveveslnaInaun1sleysnylumudy (Conservation Equation
of Momentum) TAEHATINVBIIIWIMUANNTEINUUUTINSAIUANIYINAUERTIN SR LLUAS

4

Tuwwsinvesvadlvalulsuesamuauuasleinsuduvednanfudamluld aun1sdeysny
Tuudunanadu (2) - (8)

ax XZ

T4V (puV) =+ 24 22 4 Tt g pf, 2
97y, @ 97y,

T LT (o) = =T+ E T2 2 pf, (3)
W) |, 5. oy = — 2P 4 Dz Py 0,

o TV (pwV) = =2+ 25+ T+ 2R+ pf (4)

dlo w,v uay w Ao nudageslufiaunu x, v was z auadisu (m/s), P fis Anudufinggyi
fusinmsmuau (N/m?), 0 fle anudusaanduiiuiia (Vmd), T fe enuduidou (Vm?) uas
f@e é’mflahuﬁuaaLmﬂﬁxﬁwuuﬁuﬁwaqﬂ%mmmu@um'aﬁ'mﬂ’ﬂsuawaﬂua (N/kg)

Mndurhnsauuuaeuienadeudnvaznisiadouiiveesiva (p = 1,000 kg/m?)
foglunssnzruadusiguinans 76.2 wuues (30 ) Fwnnvuaeieilivenluiamis
yuvu lngvhnsairswuuiraswedunuiielinnevedlvasuin 13.5 wufang x 7.5 wuRiumg
i 1.27 wuiwns Addnvasiduumniianuaiadewuulunng (Curved blade) Baiflunau
1 Tuidunuudrasayaiinils (First model) uazifisiluiaLde (Pitched blade) Afvwadnninluiin
#andu 1 g Wnewdavluivunn 11.5 wufiwng x 7.5 Wudwng v 1.27 wuRmsTagfndd
fundshnaluiandnfunumguvihsgsdestusnumuedduinuuunnalieluinuuuiunssng
LﬂuLLUUﬁflaawmﬁam (Second model) ﬁnmfu?jqﬁ']msmaaumsmwﬁaﬁﬂmLLu’ﬂﬁumiLﬂﬁauﬁ
yoswadlvaiinud 5 sefu (mievesnmiEieseusiowd, rom) e 8.9 rpm, 11.9 rpm, 14.9
rom, 17.9 rpm wag 20.9 rom waﬁlé’mméﬁ Figure 1 s?i"ﬂLﬁu’j’lLL‘UURT’]aa&ﬁﬂﬁ%ﬁﬂﬁmiﬂﬁzmﬁlﬁa
vosadlvaiiaausluuinaidlunnaedeuiiinu (wansisgnasdifeumumiudesnisiva)
wiv3nafnasveinTsnsinnInszandivesedlva LansdegnasatlduumuauEes
voslmadiailndaud) esnuinasnanlsifansdulatulumulnensdusiazinanus
Tunsmyuvaslunmuilianunsaiilinisnszandivesvesivaanas (Fisure 1a, 1c, le, 1g uay 1i)
uidloueluiinidedunuuiaesyeindananadunuuiassyafidesnuitanansauidamnis
nszqndvaseymavedlvalsfuandly Figure 1b, 1d, 1f, 1h wag 1j Wevedlvanszanedaldiis
Wsuiadioumsnszaesivesaudouluthifunonyilisdauzsisfiunusdgnegieis

Tongtib et al. (2025). “Development of a Cashew Nut...,” Science and Engineering Connect 48 (1), pp.53-68



58

0.298 0383
0265 0340
0232 0298
0199 0255
0166 0213
0132 0170
0.099 0128
0.066 0.085
0033 0043
0 0
Velocity [m/s) Velocity [mis]
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0 0
Velocity [mis) Velocity [mis]

i. first model (20.9 rpm)

j. second model (20.9 rpm)
Figure 1 Results of the first and second models at 5 speeds
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a. 4 sampling locations b. Data collection example

Figure 2 Sampling and data collection locations
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Figure 3 Sampling location and data collection for color intensity calculation
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Figure 4 Relationship between frying time and distribution of coefficient of variation for

each rotational speed
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Table 1
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a. Cashew nut samples
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b. Color meter

Figure 5 Cashew nut samples and color meter

Table 1 Color intensities of cashew nuts at different times

Time . Examples 1 Examples 2 Examples 3 Examples 4
(minute) Replication L a b L a b L a b L a b
T1 1 66.25| 5.14| 2341 | 66.09| 528 | 1881 | 6252 | 6.24 | 18.81 | 66.31 4.7 | 23.46
2 T1 2 64.47 | 4.61 | 21.17| 6837 | 4.87 | 20.63| 6838 | 487 | 184 66 | 459 | 17.27
T1.3 67.34 | 492 | 21.03| 7038 | 4.27| 21.12| 7352 | 397 | 1991 | 67.86| 4.54 | 24.71
121 70.15| 3.44| 2412 | 66.15| 5.13| 2534 | 59.11 45| 18.49| 61.34 | 6.57 | 20.27
4 T2 2 63.92| 559 20.35| 66.79 | 4.13| 24.05| 68.48 4.6 | 1892 | 639 | 492 19.31
123 62.79| 4.16| 17.15| 64.65| 4.67| 1481 | 59.2| 805 | 23.93| 69.53 | 4.27 | 22.27
131 68.63 | 4.74 | 23.69 | 65.15 48| 21.3| 6741| 551 199 | 6837 | 562 | 21.16
6 T3 2 69.56 4.2 | 2592 | 6893 5.05| 21.11 64 | 467 | 1747| 649 | 555| 233
T3 3 68.71| 4.22 | 23.32| 64.09 6.51] 20.01 | 65.69| 519 | 204 | 6578| 594 | 21.28
T4 1 65.35| 6.21| 20.71 | 66.69| 6.53| 23.53| 66.96 | 4.95| 19.87 | 69.11 | 4.44 | 19.86
8 T4 2 66.84 | 491 | 1856 | 69.29 | 6.64 | 25.72| 66.48 | 6.14 | 23.1 | 65.37 6.4 | 24.51
T4 3 70.85| 539 | 2255| 66.04| 459 | 2454| 69.26 | 5.14 | 19.25| 67.15| 5.13 | 19.08
151 65.98 | 7.69 | 23.03| 69.97| 7.05| 244 | 6561 | 9.05| 24.49| 73.62 | 5.28 | 26.39
10 T5 2 66.46 | 8.05| 24.39| 69.72 | 7.14| 2451 | 68.84| 6.93 | 22.94 | 64.32 75| 232
T5 3 67.26 | T7.64 | 2444 | 66.29 | T7.53| 23.83| 62.05| 10.11 | 26.27 | 65.01 | 5.64 | 21.73
T6 1 66.45| 113 | 26.49 | 66.82| 8.96| 26.26 | 61.75| 9.53 | 27.39 | 55.12 | 13.88 | 27.34
12 T6_2 60.91 | 11.28 | 26.99 | 62.15| 12.66 | 28.67 | 64.6 | 1231 | 29.66 | 67.89 | 9.44 | 27.22
T6 3 59.27| 12.83| 288 | 62.44| 9.49 | 2543 | 61.95| 11.85| 26.71| 65.84 | 10.51 | 28.21
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Figure 6 Cashew nut color intensity clustering graph using K-means
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Figure 7 Frying test of temperature control system using color detection system
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