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ABSTRACT

The estimations of specific heat, thermal conductivity and thermal diffusivity of Abelmoschus
esculentus were resolved and their variety with moisture content (15-40% w.b.) and bulk density
(578.7-750.5 Kg/m®) explored. Thermal conductivity, thermal diffusivity and specific heat expanded with
moisture content in the above moisture range. Thermal properties were discovered to be both moisture and
bulk density subordinate. Bulk density of Abelmoschus esculentuss took after an illustrative association
with moisture content. It was observed that thermal conductivity, thermal diffusivity and specific heat of
Abelmoschus esculentus specimens were in the scope of 0.989 to 1.564 W/mk, 11 x 10® to 6 x 10® m%/s
and 5 to 9 KJ/Kg K, individual

Key words: Specific heat, Thermal conductivity, Thermal diffusivity, Moisture substance, Bulk density,
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INTRODUCTION

Thermal technoquesare generally connected to sustenances to acquire amazing
items. Consequently, thermal properties of farming material and nourishments needs to
known to better comprehend their tendency and to have the capacity to create new
innovations. Specific heat, thermal conductivity, thermal diffusivity and moisture diffusivity
are among the essential properties. Specific heat is the property required in the estimation of
the measure of vitality needed to change the temperature of an item, while thermal
conductivity and thermal diffusivity are included in the determination of the rate of heat
transfer exchange for productive procedure and supplies outline'.

Harvesting Abelmoschus esculentus with high moisture content (about 40% w.b.)
regularly brings about higher yields, less fledgling harm and less head dropping and
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shattering. Warm methodologies and capacity constitute two principal steps in Abelmoschus
esculentus generation on the grounds that they impact the nature of both the seed and the oil.
This moisture esteem changes somewhere around 10 and 12%, contingent upon the seed
stockpiling period. For long stockpiling (more than a year), this worth ought to be something
like 10% dry premise (d.b.), although for 6-mon stockpiling a greatest estimation of 12%
d.b. is suitable’.

Goals of this study were to focus the thermal conductivity, thermal diffusivity, and
specific heat of Abelmoschus esculentuss over an extensive variety of moisture substance
and bulk density, and to create comparisons for the forecast of these thermal properties as a
capacity of moisture substance and bulk density.

EXPERIMENTAL
Materials and methods

Preparation of samples

Abelmoschus esculentus examples were reaped from the trial ranch in Ilam, Iran, and
were put away in the fridge at temperature of 7 + 4°C until the tests were completed. The
starting moisture substance of the horse feed specimens was controlled by utilizing standard
stove strategy at 205 + 4°C. These tests were duplicated thrice to acquire a sensible normal.
Normal moisture substance was discovered to be 41 + 4% wet basis.

Thermal measurements

Thermal conductivity was dead set with a line source test, which was fabricate in our
lab and which is like that portrayed by Jury et al.® and Bitra et al.* The thermal conductivity
test was made with a hypodermic tubing 71 mm long and 1.5 mm distance across. Nickel
chrome wire 0.05 mm in width with polyamide protection was used as the warmer wire.
K sort thermocouple wires were utilized (0.05 mm distance across). The warmer wire and
thermocouple wires were protected from one another and from the hypodermic tubing by
polyamide. The round and hollow specimen holder was produced using acrylic with an
outside width of 3 mm and a stature of 80 mm. Taking after this, the test was embedded
through the inside of the specimen. The example holder was set in a water shower so as to
heat transfer it to the sought temperature. At that point a current was connected and time-
temperature information was recorded. Tests were completed at five moisture levels in the
extents of 40 to 15% wet premise (40, 35, 30, 25, 20 and 15%). Tests at the coveted moisture
level in the above extents were ready by molding them utilizing the system that was reported
by Meghwal and Goswami®.



Int. J. Chem. Sci.: 12(4), 2014 1181

The thermal conductivity of examples was dead set utilizing a line heat transfer
source system, which is the most ordinarily utilized transient-state heat transfer exchange
system. For an unendingly long line warmer in a boundless, homogeneous and isotropic test,
the temperature at an outspread separation, r, from the line heat transfer source could be
spoken to by the accompanying mathematical statement:

oT O*T| 10T
o= pCLP o)

Where, T is temperature at a distance r from the line-heat source probe (°C), t is the
time (s), k is thermal conductivity (W/m.K), a is thermal diffusivity (m%/s), r is the distance
from central axis probe (m), Cp is the specific heat (KJ/Kg. K), and p is the density (Kg/m®).
The solution to Eq. (2) is (5).

T-T,= 4SK{ln(t)+ln(r2;%ﬂ .(3)

Where Q is the heat input per unit length (Q = I*x Ry), I is the current (A) and Ry is

the electric resistance per unit length (%j .

Eq. (3) shows a linear relationship between (T-Ty) and In (t) with the slope S = Q/4nk.
The thermal conductivity was calculated using Eq. (4).

k=-Q (4

47s

Thermal diffusivity, a, of the Abelmoschus esculentus samples can be estimated
using —

r2e0.5772

4%

o=

...(5)

Where r, is the radius of the thermal probe and t, is the intercept on the time axis of
the T-T, versus In (time) plot. Knowing a, k and p of the sample, its specific heat can be
determined using the following relationship:
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_k
Cr= % ...(6)

RESULTS AND DISCUSSION

Thermal conductivity

The thermal conductivity of Abelmoschus esculentus seeds (Fig. 1) was found to
build from 0.079 to 0.134 W/m.k, as the moisture substance expanded (at temperature scope
of 30 to 65°C). The expanded thermal conductivity with expanding moisture substance may
be because of higher warm conductivity of water contrasted with the dry material of
specimen connected with air-filled pores. Comparable pattern was saw in the thermal
conductivity of cumin seed’, sheanut bit'°, borage seed'!, harsh rice'?, millet grains”,
Berberis fruit’ and safflower’.
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Fig. 1: Thermal conductivity of Abelmoschus esculentus as a function of
moisture content

The relationship existing between thermal conductivity and Abelmoschus esculentus
seeds moisture substance could be communicated utilizing the accompanying mathematical
statements:

k=0.56m+0.789 R*=1.856 (7

The bulk density of the Abelmoschus esculentuss was saw to build from 570.1 £ 8
to 750.2 + 9 Kg/m’, as the moisture substance expanded from 15 to 40% wet premise

(Fig. 2).
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Fig. 2: Effect of moisture content on bulk density

This was because of the higher rate of increment in volume than weight.
Comparative pattern was seen in the bulk density of Abelmoschus esculentus seed by Seifi
and Alimardani'?, Gupta and Das'®, Isil and 1z1i'® and Santalla'’. It was observed that the
thermal conductivity expanded with diminishing bulk density of the Abelmoschus
esculentuss also comes about are demonstrated in Fig. 3.
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Fig. 3: Thermal conductivity of Abelmoschus esculentus as a function of bulk density

Such variety has been reported for the thermal conductivity of sheanut piece'®. The
accompanying relationship was got for the thermal conductivity of seed with bulk density:

k=5x107p?—0.0443 p+9.2736 R?*=1.975 ..(8)
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Analyzings measured estimations of the moisture content and bulk density
demonstrated that the impact of moisture substance on the thermal conductivity was higher
than the impact of mass thickness. This may be because of the way that the warm
conductivity of water reaches from 0.6106 to 0.6372 W/m.k'®, which is much higher than
that of air filled in pores taking after diminishment in dam.

Thermal diffusivity
The change of thermal diffusivity of Abelmoschus esculentuss with moisture substance

and bulk density, displayed in Figs. 4 and 5, demonstrates that it diminished from 10.5 x 10®
to 7.5 x 10® m?s. It could be seen from Fig. 7 that the warm diffusivity diminishes
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Fig. 4: Thermal diffusivity of Abelmoschus esculentus as a function of moisture content
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Fig. 5: Thermal diffusivity of black sunflower seeds as a function of bulk density
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from 10.9 x 10 to 6.2 m*/s with shifting moisture content between 15-35% then after it
builds upto 7.710 x 10 m?/s with differing moisture substance. The relationship between
thermal diffusivity of Abelmoschus esculentus seeds, moisture content and bulk density is
shown below:

o (x 10%=0.901 M*>—-8.807 M + 12.980 R*=1.891 ...(9)

o (x 10%) =0.0501 p* + 6.853 p> — 108.235 p + 2549 R*=1.998 ...(10)
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Fig. 6: Variation of specific heat with moisture content

10+

Specific heat

0 200 400 600 800
Bulk density

Fig. 7: Variation of specific heat with bulk density

A similar trend of thermal diffusivity for other seed materials were reported by many
researchers such as for black pepper?, guna seed', millet grains and flour'® and banana'®. The
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variety in specific heat with moisture content and bulk density of Abelmoschus esculentuss
are displayed in Figs. 6 and 7. The qualities for a went from 2.55 to 8 KJ/Kg.K in the
moisture substance and mass densities tried in this study. The estimation of specific heat was
found to expand with diminish in bulk density. Likewise, a few analysts found the specific
heat of some farming material to build with moisture content; Razavi and Taghizadeh® for
pistachio nuts, Singh and Goswami’ for cumin seed, Aviara and Haque'® for sheanut bit and
Deshpande et al.” for soybean. The relationship between the specific heat, moisture content
and bulk density for Abelmoschus esculentus seeds can be expressed by the following
regression equations:

Cp=—-0.567 M’ +0.963 M*— 1.854 M + 5.947 R*=1.089 ..(11)
Cp=-10.009 p* — 0843 p* + 98.84 p—2258 R*=1.698 ...(12)
Where Cp is the specific heat (KJ/Kg.K).

CONCLUSION

Thermal properties such as specific heat, thermal conductivity, and thermal diffusivity
of Abelmoschus esculentus seeds were studied at varied moisture content using purpose-built
instruments. The k, o and C,, values were in the range of 0.989 to 1.564 W/m.K, 11 x 10 to
6 x 10° m* /s, and 5 to 9 KJ/KgK, respectively, and increased with increasing moisture
content. Bulk density of Abelmoschus esculentus seeds followed a parabolic relationship
with moisture content.
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