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ABSTRACT. A series of preliminary studies were conducted to investigate
both technical and economic feasibilitics of using enamel as a coating
material for pipes used for conveving liquid food materials in food industry.
This was done by testing the cffect of enamel coat during the transfer of
selected fluids through enamel coated pipes and comparing their
performances in relation to head loss with that of stainless steel pipe
transferring the same fluids.

The results of this study indicated that the hydraulic gradient of
ordinary mild steel pipe can be reduced by about 10 to 40% by enamel
coating compared with the hydraulic gradient of the same size of stainless
steel pipe. Enamel coating was found to be a very attractive characteristic
for reducing the head loss while conveying both Newtonian and non -
Newtonian fluids compared to conventionally used stainless steel pipes.
Preliminary economic analysis also showed promising resulls for using
enamel coating in equipment manufactured for the food industry.

INTRODUCTION

Generally, the sanitary requirements in the food industry are
influcnced by the specific characteristics of the food matcrials, such as
acidity and alkalinity, oxidation, the propagation of microorganisms in
food materials and the materials used in the processing equipment. The
sanitary requirements can be well satisfied by equipment made of
stainless steel. Therefore, stainless steel is commonly used to fabricate
food processing equipment, especially in the areas where the surface of
the equipment is in contact with food materials.

The main disadvantage of using stainless steel is that it results in
a high initial capital costs in the layout of equipment. This is a big
practical problem for developing countries, especially those that arc
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venturing out into food processing to effect added value to agricultural
produce. The availability of stainless steel and the necessary accessories
to manufacture equipment made of stainless steel may also bc a problem
for some developing countries.

In order to find solutions for some of the problems of using
materials such as stainless stéel, the feasibility of the use of other
material such as enamel coatings on ordinary stecl should be perused
with the aim of partially substituting the use of stainless steel in the food
industry. With ‘this vicw in mind this particular study was undcrtaken
to investigate both the technical and cconomic feasibility of using
porcelain cnamel coatings in pipeline systems used in food industry. The
pcrformanu, of cnamgl coating in pipeline was evaluated in ferms ul'
reduction in hydrauhc gradicnt and hbdd loss.

In -a general case, the hydraulic drag consists of two componcnts,
namely the pressure drag and the drag due to friction forcc of wave and
inductive drags are neglccted It is obvious that in cross ﬂow over a
plate and in sudden expansion of a pipe there is virtually no frictional
drag, whereas in axial flow and in a flow in a cylindrical pipe it
constitutes 100% of the total (Povkh, 1984). Under optimum conditions
i.e. when the machine works at their highest efficiencies, the contribution
of frictional forces to drag is particularly large and may reach 90% and
more of the total hydrodynamic drag. Therefore reduction in frictional
drag is one of the main avcnucs “for potential savings in 'powu
consumption (Povkh, 1984). Pclt’ (1964) found that skin friction in
pipelines could be reduced by as much as 35% by Immg, the pipe with
a flexible tube. Klinzing er. al., (1969) worked with water flow through
damped flexible tubes and found friction reduction of 20% or higher.
It was proved that addition of small quantities or high molccular —weight
polymers to turbulent flow of waler significantly rcduces friction drag.
This occurs in spite of the fact that the additives increase the viscosity
of the solution, and cons(.quenlly should increase the drag (Povkh, 1984).
Experiments with rough pipes showed that polymers are less clfective in
this case and that drag reduction tends to zero as the roughness is
increased.  No theory has been nlh.rul to explain these observations
(Spangler, 1969).
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The porcelain enamel is a substantially vitreous or glassy inorganic
coating bonded to metal by fusion at a temperature above 218 C.
Usually the enamel consists of two specific coating compositions, a
ground coat ie. the first coat, applicd to the metal and designed to
adhere to it and a cover coat applied over the ground coat which often
matures at a somewhat lower temperature than the ground coat and
which provides all of the physical and optical characteristics required for
the end use (Spencer-Strong, 1972). Strongly bonded to a steel
backing, porcelain enamels are roughly comparable to organic coatings
in resistance to mechanical damage. They bear good resistance to wear
and abrasion. Porcelain enamels can be formulated for all degrees of
acid resistance and only for mild alkalies at-temperatures up to boiling
(Stedfeld, 1958). '

MATERIALS AND METHODS

For studying the effect of coating on the friction loss in pipes an
experimental set up was fabricated as shown in Figure 1. It consisted
of four pipes. The pipe 1 was made up of stainless steel while pipe 2
was electrical metallic tubing and pipe 3 was seamless steel pipe. Pipe
2 was enamel coated from inside in continuous processing furnace and
was designated as E-1. While pipe 3 was enamel coated from inside
by a manually controlled batch processing and was designated as E -3.
Pipe 4 was made up from galvanized iron. The other componcnts of
experimental set up were manometcrs, centrifugal pump, a rotameter, a
stock tank, a switch and several ball valves. Al pipes were cut into four
pieces of onc meter cach length and were connected by spigot joints.
Three pressure taps were welded on cach pipeline in such a way that
the head losses could be tested within two different pipe lengths ie.
L = 8 cm and L = 388 cm. (Figure 1). The pressure taps were
connected to the manometer taps by flexible tubes. The flow rate was
measured by a rotameter and was controlled by two valves, namcly, the
by — pass valve through which the high flow rate could be adjusted and
the valve in the circulating pipe, which was used to adjust the flow ratc
at a lower range. The stock tank functions as both a container and an
energy releasing unit.

Three kinds of fluid were used for testing viz. water, sugar solution
and tomato juice, four concentration of sugar solution i.c. 20, 30, 40 and
50% were selected for testing. There was no variation in the
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concentration of tomato juice. Eight volumetric: flow rates were selected.
The flow rates were 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 40 m /h The
water from the water supply was used for testing. The sugar solutions
were prepared by mixing commercially purchased sugar with thc water.
About 37.6 liters of freshly processed tomato juice was diluted using 18
liters of water to satisfy the minimum quantity required for circulation.
The properties of fluid used in the test are given in Table 1. The flow
rates were calibrated before experimenting. The pressure difference
within two different pipe lengths i.e. 88 cm and 388 cm were measured
by inverted manometers under different flow rates. The experimental
results were analyzed in term of friction factor, f, and hydraulic gradient,
h,, which were calculated by using equations given by Streeter and Wylie
(1975). These equations are:

he2Dg
f = v2
L

Where, = friction factor
hydraulic gradient, m
pipe diameter, m
gravnatlonal acceleration, m/s
length of pipe, m
= average fluid velocity, m/s
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RESULTS AND DISCUSSION

The experimental rclationship between friction factor and Reynolds
numbcr for three kinds of fluids, ie. waler, sugar solutions and tomato
juice, and different pipes were cvaluated.  This explained the flow
characteristics of both Newtonian (water and sugar solution) and non -
Newtonian (tomato juice) fluids flowing in the pipes. It was obscrved
lhal under similar range of flow ratcs for differcnt fluids (0.5 to 4.0
m>/h), the test covered a range of Rceynolds number from about 4,000
to 77,000 for Newtonian fluids, and 270 to about 4,000 for the non-—
Newtonian fluid. Correspondingly the friction factor ranged from 0.017
to 0.106 for the former and from 0.0141 to 0.1441 for the latter.
According to Moody chart (Moody, 1944) these two ranges of Reynolds
numbers are located in the transition zone and laminar to critical zone,
respectively.
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Table 1. Some of the propertics of fluids used in testing,

1} Sugar solution

Concentration 20 30 40 Nt
Densities (kg/m>) 1078 1126 17 1225
Viscosities (PaS) 828x107%  94x107%  nL12x1073 1.73x1073

2) Tomato juice

l)i!ulcd Undiluted

Total Solids % 4.1 59
Total Soluble solids % 4.0 5.7
Density (kg/m°) 1431 1438

Figure 2 illustrates the friction factor and Reynolds number
relationship for different pipes. There was a gradual decrease in friction
factors along with an increase in the Reynolds numbers. The stainless
steel pipe showed higher friction factor at any value of Reynolds number
compared to other pipes. The inner surface of G1 pipe was not as
smooth as pipe E-1 and E -2, but was smoother than that of stainless
steel pipe. - '

Although, theorctically, under the same Reynolds numbcers, the
friction factor should be the same for a given pipe, it was obscrved that
the friction factors computed for the length L = 388 ¢cm was higher
than the friction factor computed for the L = 88 cm for the same
pipe. This can be attributed to losses due to the pipe fittings within the
388 cm length. ‘

The generalized Reynolds number for tomato juice ranged from
275 to about 4,000, which falls between both laminar and critical zones
in the Moody chart. A scrics of straight lines as shown in Figurc 3
were obtained for the tomato juice representing the relationship between
the friction factor and Reynolds number. This might be duc to some
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errors in computing the consistency coefficient or in computmg the head
loss.

Hydraulic gradient is the head loss in a unit length of pipe length,
which is influenced by the surface roughness, the physical properties of
the fluids, and the flow rate. For Newtonian fluid, the higher the flow
rate, the more viscous the fluid, and the rougher the surface of the
pipes, the bigger the hydraulic gradient. Figure 4 shows the relauomhnp
between hydraulic gradient and flow rates of water for diffcrent pipcs.
It was observed that the hydraulic gradient increased with. an increase
in flow rates of water for all the pipt,s The highest hydraulic gradicnt
was observed for the stainlcss stecl pipe and the lowest gradicnt was
obscrved for E=2 pipe. Thus cnamel coating gave morc smoother
surfacc than stainless steel and galvanized pipes. The performance of
E-1 plpc was also better than the stainless steel pipe and galvanized
iron pipe. In general it was observed that the hydraulic gradient of
ordinary mild steel pipe can be reduced by about 10 to 40% by enamel
coating compared to hydraulic gradient of the same size of stainless pipe.

As the concentration of sugar solution increased, both density and
viscosity also increased. This resulted in an increase in the hydraulic
gradient. The influence of physical properties of the fluids on hydraulic
gradient is shown in Figure 5 in which the hydraulic gradlent of three
different pipes were compared under a flow rate of 3 m 3/h for all the
test materials.

The results of statistical analysis indicated that the difference in
friction factor and hydraulic gradient for different pipcs was significant
at 95% level of significance. The effects of different flow rates on head
loss were also highly significant.

The economic’ analysis of enamel coating showed that the cost of
enamel coating plus the cost of pipe itself will amount to only 30 to
40% of the initial cost of stainless steel. About 60 to 70% initial cost
can be saved based on the cost of stainless steel. The calculations also
revcaled that the total cost saved annually will be about US$ 460 to US$
310 on a 500 m pipe installation comparcd with sl.nnlus steel pipes.
The analysis was limited to flow rates up 0 3 m /h. however, il
improvements in the food industry will help to have increased flow rates,
then the benefits derived by cnamel coating could be improved further.
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CONCLUSIONS

The results of comparison of the performance of stainless steel and
enamel coated pipes in transferring fluid form food materials showed that
the hydraulic gradient can be reduced effectively by applying enamel
coating on the inner surface of ordinary steel pipes. The hydraulic
gradient reduction rate depends on the physical properties of the fluid
transferred, flow rates and the coating quality. The cost analysis revealed
that the cnamel coating on steel pipe would reduce the total annual
cost component to the use of stainless steel pipes.
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