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Abstract

Thermal insulation of drying equipment plays a very important role in minimizing heat losses during drying process. This
study is aimed at analyzing the performance of insulation using sawdust in a locally fabricated hot air okra dryer. The
effectiveness of the insulation was analyzed mathematically by evaluating the R-Value and the heat loss through the composite
wall of the drying chamber of the fabricated machine. The result showed minimal heat loss when compared to the value
indicated by the un-insulated okra dryer. The study further revealed that saw dust material can be used in local dyers to reduce
heat losses and cost of importing insulation materials by local industry in the country. The fabrication of saw dust insulated
okra dryer can lead to job creation in both small and large scale industry.
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Introduction

The thermal insulation is very important in reducing heat
losses through the wall of drying machine. The efficiency of
the drying process will be increased and the drying time
decreased by reducing the amount of heat losses in a dryer.
(Abano et al, 2014) M,

Lai (2017) B! confirmed that wood saw dust can be chosen
as filler material to reduce thermal conductivity in
perforated bricks because they are commonly found as
waste product with good potential due their lightweight, low
thermal conductivity and high specific heat.

According to phonphuak (2015) ! saw dust is a waste from
the wood and timber industry which can be used as a source
fuel in thermal process (biomas) and also as insulating
materials. Saw dust material residue can be incorporated in
clay to improve its thermal insulating capacity.

Chaurasia (1991) B, revealed that saw dust was tested as an
insulating material in the storage system and compared its
performance with the fibre glass wool storage system for hot
water applications under similar conditions. From this study,
it has been observed that the saw dust storage system also
gave good performance for retaining the solar heat hot water
up to the following evening. Based on this investigation, the
low cost and widely available saw dust may also be
successfully employed as an insulating material.

According to sprig, (2020), there are many available raw
materials which when properly processed can be converted
into first class insulators. Various types of straw saw dust
and similar fibrous materials are or may be converted into
efficient “loose fill” insulating materials. Thermal insulation
is one of the most important concept of a thermal energy
storage system.it is necessary to use thermal insulating
materials around thermal energy storage systems to in order
to minimise heat losses from the system. Poor thermal
insulation of the heat storage systems leads to high heat
losses (Ayusi, 2011) . In Nigeria there are many local
materials available for consideration as thermal
insulators.these local mmaterials are either available

naturally or are obtained as industrial.wood saw dust has
been used historically to insulate timber building in the us
and germany.

Egware (2018) ™, adopted the use of saw dust as an
insulating material to prevent heat from escape from the
internal chamber to the atmospher in a locally fabricated
saw dust fired oven for drying purposes.

Materials and Methods
The hot air okra dryer used for this study was locally

fabricated in Yola Adamawa State. The rate of heat transfer
through the composite wall of the drying chamber of the
machine was evaluated mathematically based on furrier law
equation of heat conduction. R-Value of each layer of the
composite wall was also determined. The composite wall
layers comprises 1cm thick aluminium with hot surface at
80° and 1.5 cm thick mild steel sheet with surface at
30°.These two layers are interposed by a third layer of saw
dust insulating material 4.5cmthick.The rate of heat transfer
is derived from the following mathematical expression:

Atoperall

Heat transfer rate, q=ZR:wmermar, (Raveendiran, 2008).
Where, atDL‘B?‘ﬂ” = Tl— T4
ERths:'mﬁE = 'Rdlumi:lzium +R5ﬁwdust+RM’iEd staal
£
R-Value, R=ka

Where, t= wall thickness of material (m)

K=thermal conductivity coefficient (r:_k)
A= Surface area of the wall (m?)

Considering heat loss through the vertical wall (vw) of the
drying chamber of the machine.
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For Aluminium layer,

t= 1cm=0.01m, ky= 230 */mk, 41=0.46%0.32=0.1472m?

Sawdust layer,

£2=20.045m, K1=0.059 "/ , 41=0.46x0.32=0.1472m?
Mild steel,
t3=0.015m, ¥1=43 “/imk, 41=0.46%0.32=0.1472m?

Hence we have,

ty

. 0.01 k
RA:umim'um = k.4, = 2ox01e7z = 0.0003 /w

ty 0.045 L
Sawdust = Fady = oosex01a72 = 5.1817 */w

ts 0.015 A
R.'-ﬁ:dsrss: = k.4, = saxoae2 = 0.0024 /}w,

Therefore, we have

Z'Rthsrmnt (ij :Rﬁluminium +R5::wdusf+ RMEM stesl :00003+5
1817+0.0024=5.184 */w
Heat loss through the vertical wall

_ T,-T, 20-30 50
ERthermai(pwy) = 5.184 = s.ie4 =9.65 W

(vw).q,,,

Since the drying chamber has 2 equal vertical walls, the
total heat loss through wvertical wall is given by the
expression:

qrprﬁ:(ywjzzqu: 2x9.65=1929w

Considering the horizontal wall (uw) of the drying chamber,
we have sum of R-value is equivalent to:

t
ZR HW = K, 4,

£y 0.0l
= k
Rﬂ.lumimum = K, gwAaw = 230x0.207 = 0.0002 KW

t, 0.045

Rsawaust = Komwdeww = oosax020r = 3.685%hw  Rugseea =
ty 0.015 X
Eymwasmw = a3x0207 = 0.00169 */w
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Hence

zRﬂis:‘mﬂl HW) :RA!uminium +R5'ﬁwdust'+RMild stesl

=0.0002+3.685+0.00169=3.687 */w

Heat loss through the Horizontal wall (aw)

T.-Ty 20—30 50
ERthermalpew) = 3.687 = 3.687 =13.56wW

! qE'W =

Since the drying chamber has 2 equal horizontal wall (aw),
the total heat loss through vertical wall is given by:

qtom!(:—:w)=2q[-:w =2x 13.56 =27.12 w

The total heat loss through the machine insulated walls,
Qrotar=Gwme + Qo = 19.29 + 27.12 = 4641w

For the uninsulted drying chamber, the heat loss through the
wall was analyzed as follows:

Considering the vertical wall of the drying chamber, we
have the heat loss through the un-insulated vertical wall as;

T, 4T,
Tuvw= ZRypw

ZRyvw = Rajuminium wait + Ruid steet wait, We get
IRy =0.0003 +0.0024 “/w = 0.0027"/w.

Since the two walls are equal in size, total Resistance for the
un-insulated vertical wall is expressed as:

ZReorar v = 2(ZRoww) = 2% 0.0024= 0.0054" /w.

Heat loss through the vertical un-insulated wall,

T, +T, B0-30 50
uvw= EReoeal vvw = 0.0054 = 0.0054 =9259 w

Considering the horizontal wall, we get

ERUHLV = Rﬂlumiuium wall +RMa’:d steel wall = OOOOZR/W +
0.00169 = 0.00189"/w..

Since the two un-insulated horizontal walls are equal, the
total resistance is expressed as:

ZReocar yrw = 2(ZRumw) = 2% 0.00189 =0.00378 " /w

Heat loss through the horizontal un-insulated wall,

T, +T, 80-30 50
Quaw = TRtoral ygw = 0.00378 = 0.00878 =13228 W

Table 1: Result of thermal insulation effectiveness using saw dust material

Elements % R-value(*/w) Am?) | At(c) Heat loss(w)
Vertical wall 1 5.184 | 0.1472 50 9.645 21
Vertical wall 2 5.184 | 0.1472 50 9.645 21

Horizontal wall 1 3.687 0.207 50 13.308 29
Horizontal wall 2 3.687 0.207 50 13.308 29
Total 17.74 | 0.7084 46.41 100
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Table 2: Result of un-insulated Okra Dryer

www.newengineeringjournal.in

Elements %

R-value(*/w) A(m?) | AtYc)

Heat loss(w)

450K

FRONT ELEVATION OF OKRA DRAYER

Vertical wall 1 0.0027 0.1472 50 9257 21
Vertical wall 2 0.0027 0.1472 50 9257 21
Horizontal wall 1 0.00189 0.207 50 13228 29
Horizontal wall 2 0.00189 0.207 50 13228 29
Total 0.00918 | 0.7084 44970 100
451
Loz 23 32 45 X
_t-z.-:»:
3200 2600
\—Fl'{).{)l)
10,00 5.1‘»2
{
20
e | | | |
3510

END ELEVATION OF OKRA DRAYER

Fig 1
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Thermal circuit for the dryer wall

Fig 3

Result and Discussion

The result presented in table 1 above shows the values of R-
Value and the heat loss calculated for the insulated okra
dryer, while table 2 revealed the R-Value and the heat loss
for the non-insulated okra dyer. From the result of the
analysis, It was observed that the heat loss through the
composite wall of insulated okra dryer is 46.41w.This
shows that the saw dust material used as insulator has
significantly reduces heat loss when compare to the result of
heat loss 44,970w presented in table 2 for the similar non-
insulated okra dryer. In this area study, therefore there is
need to encourage the use of locally available insulation
material to reduce heat loss in drying system.

Conclusion

In conclusion it seen that saw dust material has the
capability of minimising heat loss in a locally fabricated
okra dryer. This phenomenon showed that locally available
material can be used as insulation material without
importing them from United Kingdom. The okra dryer is a
device that can create Job and also ease the process of
preserving okra in urban and rural area.
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