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ABSTRACT

A low cost food processing tray dryer was designed and constructed using locally
available material. The dryer design temperature was such that various types of solid
food material can be dried. The maximum temperature specified was 80°C. For better
design and operational performance, a survey and design appreciation exercises were
carried out on the available tray dryers in the Faculty of Technology, University of
Ibadan, and Ibadan. The performance of the dryer was tested using (Dioscorea genus)
slices at different thickness and various temperatures and it was found that at higher
temperatures and smaller thicknesses the product being dried lose their moisture
content at a faster rate. The dryer was able to dry the sample product weighing
approximately 24g initially to 8.86g at different time for different temperature as outlined
below. For 70°C it dried at 19.5hr, for 60° C it dried at 32hr, and for 50°C it dried at
38hr In order to show the effect of temperature, thickness of product to be dried and
velocity a computer program was written using visual basic (software) to simulate the
performance characteristics.
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INTRODUCTION

Drying is one of the oldest preservation processes available to the mankind, one we can track since
prehistoric times. In today’s food market, dried foods play an important role in the food supply chain. The
main feature of this process consists of reducing the water content in order to avoid or slow down food
spoilage by micro-organism. At this point'some understanding can be derived from the vocabulary
employed. Common words found are: drying” or “dehydration” or even “dewatering”, Dewatering is
usually employed for the process of redueing the water content without phase change by using physical
means. However, drying and dehydration are used commonly in the literature. hen considering transferring
water from a solid/liquid to a gas, a phase change occurs, thus high energy consumption is involved.

Energy consumption is one of the major concerns in drying not only for its cost but for the associated
environmental effect.

RESEARCH METHODOLOGY
MECHANICAL DESIGN: Different theories of mechanical dryer designs were compiled and analyzed
in order to arrive at the optimum method for design of dryers. User friendly computer software was

developed to automatically generate performance characteristics parameters based on the specification of
input data.

-DESIGN PROCEDURE
The basic principles governing Dryer design are:
i. Principle of conservation of energy
ii. Heat transfer
Heat is transferred by: (1) Conduction (i) Convection (iii) Radiation
The rate of heat transfer by conduction is governed by Fourier’s law, which is written as:

Q = MERETEIEEN : | oot smrmsomsoron s « » eyt s » 8 g+ koSSR FRRS 0SSR B i R 1
Where Q= heat transfer rate (Watts)
K= thermal conductivity of conducting material (W/m °C)

= Area of surface in the perpendicular direction to the heat flow (m)
DT= temperature gradient DX

The rate of convective heat transfer is governed by Newton’s law of cooling.
Q = hA dT
Q rate of heat transfer (w)
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h = Convective heat transfer co-efficient (w/m*k) A—
irecti j m
A Surface arca (measured normal to the direction o Tow )

The rate of heat transfer by radiation by a perfect radiator or black body is governed by Stefan-Boltzmann
law for black body radiation. .
E,= T e S
o = Stefan Boltzman constant = 5.669 X10° _ W/m* k , :

E, - Energy radiated per unit time and per unit area ( W/m®)
T = absolute temperature of radiation ("K)

HEAT INSULATORS _

[nsulators are materials which conduct heat at a very low rate, that is poor conductors of heat, in t!le Dryer,
the material used as insulators and the size of the dryer usually determines the thickness of the insulators
required, after specifying the temperature, the thickness of insulator required is calculated from the
equation below:

Il

q - Q = BT - uivoiosnsrnessans cnnnnensssnmsnssnoss  NComLosness (4)
A _ )
Where U = the overall heat transfer co-efficient (W/m’k) q = heat flux (w/m”)

Other parameters have the usual meaning
1

U= & F A Foadg  F T T
ki ky Ky h; YOO NO)
dxy, dx,..... dx, = thickness of plate, wall or insulator (for composite walls) (m)
kl. K2 ...... kn = Thermal Conductivities of material (w/m. K)
h; = convective heat transfer coefficient, inner wall (W/m? .K)
ho = convective heat transfer coefficient, outer wall (W/m? .K)

DRYING RATE/DRYING TIME
Rc = hA (Ta-Tw)

. . I — v 8 (6)
- Where R, = Constant rate of drying kg s™
A = surface are of solid ~ m?
h = heat transfer co-efficient W/m?. K
g s = drying air temperature 0C
T = wet solid temperature °C
A, = latent heat of vaporization of water (KJ/Kg™)
Substituting the above values into the equation we have.
Re = 1.12 kg water m? S
As the drying rate is constant, the drying time tc may be expressed as
tc = Ms (x;-x,)
2 R PRI S tetlor 7
Where X;, X, .= initial and final moisture content respectively M = mass of bone dry solid
HEAT LOAD CALCULATION AND DETERMINATION OF INSULATION THICKNESS
To raise the temperature of air in the drying chamber from ambient temperature of 30°C to 80°C.
Q _ G L0 riica i smmomprnmamass sssmmmmnass s essrommtmmnsonsennsseenens (8)
Ma = R ©)
Where Q = the heat required (J)
M, = mass of air in drying chamber (kg)
Pa = density of air in chamber(kg/m")
V. = volume of air in drying chamber (m*)

HEAT LOSS THROUGH THE WALL

In order to maintain the air mass temperature when heating, the rate of heat loss through the walls of the

dryer has to be evaluated and compensated for. In the steady state the heat transfer rate entering the left
face is the samc as that ieaving the right face (see figure 7) thus,

q = L=T; ,q = T,-T, and q= T,-T,
X1o/K 2A XKy A A0 (10)
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Together this gives

q = Ti =T,
KA KA KagA

q = T, -T,

A Bl T o5l T Gl eesesbssi s st S s s (12)
K Koz Kag

This equation is known as Fourier’s law for composite wall (metal-insulator-metal) as in the case of the
dryer design. Wall thickness

Vertical wall
For inner surface .
q = BLCT G~ Tad vacvononenoninnmmasssussumissnismissiessissns i (13)
A
Ty—Ts = (TeT, ) (14)

Knowing T,, T, and Ts we can easily obtain T, and thls wxll be used when calculatmg the thickness of the
insulating wall using the Fourier’s law for composite wall.

q = Ty - T,
A Xpt Xog F X3p ccemriemieircrrnmsensmessensn s R NGod, (15)
K> Ko Ksy )

X1, X33, X34and q can be calculated, kyy Ky, ka4, ko and Ts are known. For vertical plate:
h=he=0.95 (DT)", (16)
Where DT = Temperature difference
(i)  Horizontal wall (top) heat surface facing downward from
We have h=0.61 (DT)"s

L = vertical or horizontal dimension, (m)

RESULTS AND DISCISSION

In order to characterize the design dryer, some tests were carried out. The working drawihgs for the
construction of the dryer are shown in figures1=5 while figure 6 shows the drying characteristic for yam at
70° C for different thickness (treated and untreated).

® Yam Slices (Dioscorea genus) were dried in the dryer at various thicknesses

There were six samples of yam slices as shown in table below. From the above, we are able to see how the
thickness of the product dried affects the performance of the dryer. It was observed that product with
small thickness dries faster than those with higher thicknesses. All samples had the same dimension,
length (20mm), breadth (80mm) Tests were also carried out on the dryer using yam (Doscoreagenus) as
the test sample but at different temperature namely 50°C & 60°C and the following result were obtained
and compared with that of 70° using the same sample size and weight.

This is shown below: in table 1-3.1t could be seen from the above figures that the higher the temperatures
the faster the drying time of the product. But lower temperature yields better final moisture content.

Table 1: Samples of yam slices dried at 70°C

Sample Thicknes(mm) Mass (g) Treated/Untreated

S/N ,

| 202 ) 10 11.86 Treated

2 301 20 21.1 Untreated

3 328 10 12.08 Treated

4 433 20 22.25 Treated

5 103 20 23.73 Treated

6 213 |10 13.16 Treated
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Table2: Yam siices dried at 70° C, 60 °C & 50 °C

Temperature "C Initial moisture content kg Final moisture | Time taken
content kg to dry (hr)

70 23.73 8.86 19.5

60 23.1 8.08 32
| 50 23.6 7.86 38

Table 3: Yam slices dried at different temperatilres
Sample Imitial weight KFinal weight (g) Time taken to get to final
(2) weight (mins)

202 11.86g 4.04 690

301 21.18 1.39 930

328 12.08 Jvi | 750
433 22.235 7.4 930
103 23,13 8.80 1170

213 13.16 4.53 930

Tablc 4: BILL OF QUANTITIES

Item No | Item Description Quality Dimension Unit  Price | Total price | Location on Dryer
N N
1 Stainless 3 plate 8L X 4t N18,500 55,500 OQuler & inner
sheet - | plates
2. et X I 2 length 19.51t NS00 1,000 . IFrame
pipe
3. Fibre glass 3 bags - 2500 7,500 Inside Dryer
4, an hlade 1 $©0.14 800 300 Inside year of Dryer
A Thermocouple 1 700 700 Temp reader
G. Temperature i - 2,500 2,500 Temp control
control '
y Heating clement 1 - 2,000 2,000 Rear of Dryer — ]
8 Electric 1 - 1,800 1,800 Rear of Diyer
'/10hp
9. IFan control | 700 700
10 THeal  resistance | 2 100 200
capble :
11 Door llinges 1 250 250
12. Labour cosl ’ 15,000 15,000
13. Trausport Cost 2,500 2,500
Total N90,450

CONCLUSION AND RECOMMENDATION
The constructed Dryer is neat, efficient, fast and relatively simple in design. It has been tested and found
to be very silent in operation. It is capable of meeting the tough demand expected of it in the laboratories
and food industries. The dryer is recommended for use in our Industries, Laboratories in the Universities

and Private organizations where drying forms the major parts of their operations as this will improve their
productivities.
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'Computer proram Using Visual Basic to show how temerature
'Velocity and Thickness Of material being

'being Dried Could affect the drying Time when

'the parameters mensioned above are varied

Private Sub Commandl_Click()
On Error GoTo kunlel

v = CDbl(txtkv.Text)

den = CDbl(txtden.Text)

k = CDbl(txttc.Text)

pr = CDbl(txtpn.Text)

le = CSng(txtlen.Text)

u = CDbl(txtvel. Text)
re=(u*le)/v

txtrn.Text = CDbl(re)

nu = 0.0332 * f(pr) A(173)) *((re) ~ 0.5)
txtnn. Text = CDbl(nu)

h=(nu *k)/le
txthtc. Text = CDbl(h)
Exit Sub

kunlel:

MsgBox ("please you have left a text box empty please try again")

End Sub

Private Sub Command2_Click()
On Error GoTo kunle2

area = CSng(txtarea.Text)

lhv = CDbl(txtlhv. Text)

dwdm = (h * area * (at - vt)) / lhv
txtdmdt.Text = CDbl(dwdm)

Exit Sub
kunle2:

MsgBox ("please you have left a text box empty please try again”)

End Sub

Private Sub Command3_Click()

On Error GoTo kunle3

mcl = CDbl(txtmcl.Text)

emc = CDbl(txtemc.Text)

da = CDbl(txtemc.Text)

tp = CDbl(txttp.Text)

dmdt = (((0.3142 ~2) *da) / (4 * (tp ~ 2))) * (mc] - emc)
txtfr. Text = CDbi(dmdt)

Exit Sub

kunle3:

MsgBox ("please you have left a text box empty please try again")
End Sub

wn
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Private Sub Command4_Click{)
On Error GoTo kunie4
mc2 = CDbl(txtfme. Text)
mbds = CDbl(txtmbds. Text)
tc = (mbds * (mcl - mc2)) / dwdm
txttc. Text = CDbl(tc)
Exit Sub
kunle4: '
MsgBox ("please you have left a text box empty please try again™)
End Sub
Private Sub Command5_Click()
On Error GoTo kunle5
cmc = CDbl(txtcme.Text)
dtfr = (((mbds * (cmc - emc)) / dmdt) * (Exp((mc1 - emc) / (mc2 - emc) " -1)))
txtdtfrc. Text = CDbl(dtfr)
Exit Sub
kunle5:
MsgBox ("please you have left a text box empty please try again")
End Sub
. Private Sub Command6_Click()
On Error GoTo kunle6
tdt = (tc + dtfr)
txttdt. Text = CDbl(tdt)
Exit Sub
kunle6:
MsgBox ("please you have left a text box empty please fry again”
End Sub

Private Sub txtvt Change()
at = CSng(ixtat.Text)

vt = CSng(txtvt. Text)
ft=(vt+at)/2

txtft. Text = CSng({t)

End Sub
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