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ABSTRACT

A line heat source apparatus was fabricated, calibrated and used to mea-
sure the heat transfer through a 50.8mm diameter for four (4) cassavaroot
varietiesnamely NR8082, IM S30572, NRO21201 and Nwaibibo at 5 min,
intervals. The temperature readings obtained through Omega HH 147 RS
232 Data logger 4-way thermocouple were used to calculate the thermal
properties (thermal conductivity, K; thermal diffusivity, a; specific heat, C;
and density p, for two moisturelevelsranged from 50% -69% wet basis. The
result showed that thermal conductivity ranged from 0.23 to 0.37Wm*K?,
thermal diffusivity and specific heat variesfrom (3.01t0 3.8) x 10'm2s? and
1.5181t0 3.283Kj/Kg°K respectively, while the density ranged between 417
to 466 Kgm3Thisresult confirmed that thermo-physical properties are de-
pendent on moisture content, and significantly between varieties NR8082
and IM S30572 at P<0.05, but no differencewas observed between IM S30572,
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NR021201 and Nwaibibo (P>0.05).
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INTRODUCTION

Cassavaisthefourth most important energy staple
inthetropicsand the sixth global sourceof caoriesin
human diet apart from maize, riceand wheat? and Ni-
geriapresently ranksasthe number one producer inthe
world®¥. Cassavaisuitilized asfood for humanwhen pro-
cessed into starch, gari, fufu lafun and abacha, while
somesweet variety (low cyanide) are eaten raw, boiled
or roasted assnacks. It isalso needed in other industries
such asthetextile, in glucose production, in biotechnol -
ogy, for laundry starch and for ethanol production.

Thepresdentid initiativeon cassavaestimatesthat

by 2007, asizable part of the produce would be ex-
ported™, with a flourishing local demand also in
place®®. With these intended boost of cassava pro-
duction, standardization of quality for export becomes
pertinent!*®l Oneof the quality attributes of agricultura
product isthethermo-physical propertiessuch asther-
mal conductivity, thermal diffusivity, specific heat ca-
pacity and density arerequired to eva uate, design, con-
trol and model heat transfer processes such asrefrig-
eration, freezing, drying, during variousfood process-
ing operation’@.

Ashred® reported that acommitteewas set up dur-
ing 1949-1978to determinethetherma datafor various
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food stuffsbut cassavawas not among the determined
foodstuffs probably the root crop was not important to
thewesternworld asitistotheAfricansand Nigeriain
particular. Internationa Ingtitutefor Tropicd agriculture
(II'TA) and Standard Organization of Nigeria(SON) in
2005 published standards for cassava products and
guiddinefor export, unfortunately nothingwasmentioned
onthermo-physica properties(TPP).

Mogt of thethermo-physical propertiesof food Suffs
used today arederived or estimated onthebasisof smi-
lar foreign foods. Thisiswrong because most foodstuff
vary chemically with location, hence as recorded by
Comini and Barind® TPPwill dsovary. Thusany em-
pirical model of TPP devel oped for each specificfood
materid should giveamoreaccurate prediction.

Thermo-physica propertiesarethereforeimportant
inview of the search for process optimization between
thedifferent aspect of quality, under and over process-
ing, andamof minima energy consumptionaswell asan
instrument for eval uation of aternative processes’®2,
Inview of theon- going, thiswork determinesthe TPP
of 4 cassavavarietieson two moisturelevels. Thiswill
hel p usestablish dataon TPP of thesevarigtiesand moni-
tor the effect of moistureinthem. Thesedatawill help
food engineersand othersto design effective processing
method for thesecommodities.

Review of thermal propertiesmeasurement

Thermal conductivity, K, therma diffusivity, a heat
transport properties. In order to measurethem, thesample
must be subjected to heat flow of known pattern*. The
Fourier’s equation describes the temperature field gen-
erated by thisheat flow according to theequation,

d [de] _ pCdT

dt| dt dt @

By thisimplication, themeasurement of therma con-
ductivity (K) can beby either steady state or transient
method. Onthe other hand thermal diffusivity (o) can
only bedetermined directly by transent method asre-
ported by Nesvadbd”). Thetemperature dependence
of theK and o are often neglected because of thein-
creased difficulty in solving the equation according to
Mellori®,

M ost researchers have used the method of mix-
turesto experimentally determine the specific heat of
biological products’®#. Thismethodinvolvesplacing
themateria in heated water ca orimeter and monitoring
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thetemperatureof until theequilibriumisreached.
Specific heat of materialsiscalculated from theen-
ergy balance equation between the material and the
water according to the report of Onwuka??. This
method assumesthat moi sture uptake by the material
will be negligibleduring the process of heat transfer.
Thismethod of mixtures (asteady state method) isnot
effectivefor cassavaroots because moisturelevel is
important in the experiment hencetheincrease or de-
creasewill dter thefindings. Inthisstudy specific heat
was calculated from measured values of thermal

diffusivity asgiven by thereationship:
K
C=oa @

where C- specific heat (j.kg'K*), K-thermal conduc-
tivity (w.m*K1), fi-density of the material (Kgm), o-
therma diffusivity(m?s?).

Eq. (2) wasused by Suter et a.? and Moysey et
a 12 to determinethe specific heat of peanut parts(Pod,
hull and kernel) and rapeseed, respectively.

Thelineheat sourcetechniqueismostly used for
TPP of granular materials. Thismethod isatransient
method with the advantage over the steady state for
short duration of experiment® whichisconsideredin
thiswork.

Thelineheat source method involvesapplying a
steady hest flux to the specimen and measuring thetem-
peraturerise at some point inthe specimen resulting
from the applied heat. When heat isapplied by asmall
diameter wireas heat sourceimbedded in aninfinite
homogenous cylinder (cassavaroot), temperaturewill
devel op according to the equation below;

02T 1 aT
dT=a|:ar—2+?+ BI’:I (3)
where, T-temperature (°K), r-radial distancefrom heat

source (M), t-time (s), Considering the equation pro-

posed by Carslaw and Jaegar®.
= Q [y det _
7= [In ro EC] “)
BLHQ=M=|2RT (5)
_ I”’Rd(Int)
Thenk = 4AmJIdT ©

where; T-temperature (°K), Q-Constant heat flux per
unitlength of wire(W.m™), r_-distancefrommeasuring
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point to heat source (m), A-Cross sectiona areaof root
(m?), I-current passing through theline heat sourcein
timeinterva (A), a-therma diffusivity, (m?s?), x-thick-
nessof theroot(m), L-length of thewire (m), J-Joule
equivaent of heat flux, ©=3.143, Ec-Euler’s constant
=0.57722.

MATERIALSAND METHOD

Four cassava root varieties namely NR
8082, TM S 30572,NR02/201 and Nwaibibo or lo-
cal variety were purchased from National Root Crop
Research Institute Umudike, Nigeria, whilethe PVC
pipe, fiber insulator, heater wire and ammeter where
obtai ned from Enugu, Nigeria. The cassavaroot was
measured geometrically after sel ecting two moisture
levelsfor each variety.

Figure 1 showsthe schematic diagram of the appa-
ratus used for theexperiment. A 76.2mm diameter and
152.4mm long PV C pipewas used asthe sample con-
tainer. Thesampleholder wasinsulated at thesidesand
endswith 25.4mm of fiber insulator. A hester wirewas
stretched along the axis of the cylinder containing the
cassavaroot. A constant power of 40w was supplied
totheheater wireviaA.C supply using aconstant cur-
rent of 0.2A asmeasured by theammeter and variable
withavariableresstor. Themaximum variationin power
supply for dl theexperimenta combinationwas+10w.

Temperature measurements were made with
0.25mm diameter Teflon coated constantan thermo-
couple (Omega HH147, RS232 Data logger).One
probewas attached mid way a ong the heater, two other
probeswereinserted into the sample container from
the sides such that the end of the probewasat adis-
tance of 12.7mm form the heater wire as used by
Fasininaand Solhansanj (1995).

Thetemperature history of thethermocouplewas
recorded on acomputer via Omega data logger and
thetest was conducted on 50.8mm diameter cassava
root for both fresh and dried samples.

Dataobtai ned were used to determinethethermal
conductivity K according to eqg. (6), specific heat and
thermal diffusivity asin eg. (2), whiledensity wasde-
termined astheratio of weight of cassavaroot to the
volume. The moisture content was determined by the
method described by Pearsoni?®. Data obtained was
subjected to analysisof variance asdescribed by wetl,
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Figurel: Schematicof theTPPapparatus. Key: A-PVC pipe,
B-Thermocouplewire, C-Heat sour cewire, D-L agging mate-
rial, E-Root tuber s, F-Plastic stand, G-Voltageregulator, H-
AC-source, |-Conductor

RESULT AND DISCUSSION

Thermal conductivity

Thevaluesof the mean thermal conductivitiesof
the4 cassavaroot varietiesfor thedried and thefresh
samplesareshownin TABLE 1.

TheaverageK for fresh and dried samplesranged
from 0.23 to 0.37 Wm-1ok* and Sample NR8082
showed the highest K, where astheleast was obtained
from Nwaibibo. Therewas significant difference be-
tweenthedried andthefreshfor al varietiesindicating
that moistureaffectsthermal conductivitiesof materias
proportiondly. Significant differenced so exigsbetween
theK for varietiesNR8082 and IM S30572 but not in
others. Generdly thetherma conductivitiesarelow and
foodswith low therma conductivity are poor conduc-
torsof heat, so according to Ohlsson?!, heat transfers
through suchfoodsarevery low. Thermal conductivity
isameasure of amaterial’s ability to transmit heat.
Levenspiel (1973), suggested that it isthe proportion-
ality factor in heat conduction equation. Subsequently,
NR8082 variety hasthe ability to transmit hesat faster
than all other varietiesfor fresh and under dried condi-
tions. Rahman®! found that thethermal conductivity of
water surpassesall basic food components, therefore
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TABLE 1: Mean thermal conductivitiewm-°C K1) for dried
and fresh cassavar oot varieties

Moisture content. % Thermal conductivity

Samples (wm-eC K™)
Fresh Dried Fresh Dried
NR8082 56 69 0.37b 0.26a
TM530572 54 67 0.35bb 0.25ab
NR021201 52 66 0.33bb 0.24ab
Nwaibibo 50 65 0.32bb 0.23ab

a, b-means with the same subscript are not significantly differ-
ent (P>0.05)

TABLE 3: Mean specificheat capacitiesfor cassavavarieties
(Kjkg-2k)

TABLE 2: Mean thermal diffusivitiesfor dried and fresh
cassavaroot varieties (ax10-7m?s-?)

M oistur e content,% Thermal diffusivity

Samples (ax10-7m?s-h)
Dried Fresh Dried Fresh
NR8082 56 69 3.16a 3.80b
TMS30572 54 67 3.13ab 3.6bb
NR02/201 52 66 3.10ab 3.50bb
Nwaibibo 50 65 3.01ab 3.40bb

a,b means with the same subscript is significantly not
different(P>0.05 ) across row and along column

TABLE 4: Mean densitiesfor dried and fresh cassavar oot
varieties(kgm-?)

Moisturecontent,%  Specific heat, (Kjkg-'°k)

M oisture content, % Densities (kgm™)

Samples - - Samples - -
Dried Fresh Dried Fresh Dried Fresh Dried Fresh
NR8082 56 69 1.830a 3.283b NR8082 56 69 456b 466a
TMS30572 54 67 1.731ab 2.972bb TMS30572 54 67 432ab 453bb
NR02/201 52 66 1.642ab 2.439%b NR02/201 52 66 424a8b 452bb
Nwaibibo 50 65 1.518ab 2.429bb Nwaibibo 50 65 417ab 449bb

a,b means with the same subscript is significantly not
different(P>0.05 ) across row and along column

moremoisture-highK.
Thermal diffusvity

TABLE 2 showsthe mean thermal diffusivity for
the cassavaroot varieties. Thisisthe property that quan-
tifiesamateria sability to conduct heat relativetoits
ability to store heat. Itistheratio of K to the specific
heat™. Theaveragethermal diffusivity rangebetween
3.01t0 3.8x10"m?s*NR8082 had the highest while
Nwaibibo theleast. Theresult showsasignificant dif-
ference between thea for dried and fresh samples, and
also between NR8082 and TM S30572.Substances
with highthermd diffusivity rgpidly adjust their tempera:
turesto that of their surroundings, because they con-
duct heat quickly in comparison totheir volumetric heet
capacity. Food materials are on thelow side and the
datacould beusedto predict cooling and freezing times
of agriculturad products.

Specific heat capacity

Thevariousaverage specific heat cgpacitiesfor cas-
sava varieties at two moisture levels are shown in
TABLE 3. Theaverage values of specific capacity of
cassavaroot for fresh and dried sampleswere 1.518
to 3.283 KjK g-*K-. The sample NR8082 maintained
the highest, while Nwai bibo the | east. When compar-
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a,b means with the same subscript is significantly not
different(P>0.05 ) across row and along column

ing thefresh and thedried, specific heat alsoincreased
with moi sture content. thisimpliesthat more heat will
be required to increase the temperature of sample
NR8082 than Nwaibibo and also more heat will be
required to increase the temperature of thefresh than
thedriedirrespective of variety. Laider and Keithi*4,
havereported that more hest isrequired toincreasethe
temperature of water than that of lipids. Thisconforms
tothisresult when the dried samplescould belikened
tolipidswith lower moisture content. Fraudorfl® have
reported that specific heat depends on moisture and
temperature of the materia Theresult obtained from
variation compilation by Lewis* on Irish potato at
moisture of 77.8 and 10.9 % were similar to that ob-
tained here on NR8082 but for moisture of 69 and 56
% respectively. Thistherefore meansthat adaptation of
the TPP of the much considered productswith similar
nutritional component or energy levelsisnot right snce
variationsarelikely occurrences.

Density

Themean dengtiesfor dried and fresh cassavaroot
variationareshownin TABLE 4. Theresult persisted
totheearlier trend that more moisture, higher density.
Thehighest density wasfound in NR8082 at 466kg/m?
and theleast in Nwaibibo with 417 kg/m® dried. The
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fresh samplesweresgnificantly differentindengty from
dried samples, while per variety difference existed be-
tween Nwai bibo and others (p<0.05).

Density has been defined asmass per unit volume
of amaterid(®?. Itisaproperty that affects convective
heat transport and could be employed in cooling or
freezing materid cond deringtheequationwhich defines
thermal diffusivity of materials. So theknowledge of
dengity of cassavaroot varietiesis necessary.

Thispaper hastherefore produced adatabank for
the TPP of cassavaroot varietiessd ected. Thermd con-
ductivity (K), thermal diffusivity(c.) specific heat (C)
and dengity (p) arethemajor TPPrequired to eval uate,
design control and model heat transfer processessuch
asrefrigeration, freezing, drying during variation food
processing operation as reported by Becker and
Frcke?. Inthiswork modeling wasnot considered with
just two moisture point but forms abench mark for
TPP of the selected root varieties. Moreresearch work
areexpected for moremoisturelevelsand various cas-
savaproducts, thiswill helpto predict functiondity and
easy handling of theroot and products.
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