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INTRODUCTION

The ideal method of peeling a fruit
or vegetable would be one in which
the entire operation is completely
automatic. With the ideal method, the
peeling losses would not exceed the
weight of the histological skin and
there would be no appreciable loss in
quality such as taste, color, and keep
ing ability.

Present peeling methods vary con
siderably, depending upon the kind
of product and the intended use. Po
tatoes are peeled by abrasion or by a
combination of lye and abrasion.
Apples are peeled by a mechanical
knife, while tomatoes and peaches are
peeled through the use of steam, hot
water or lye. In some operations,
considerable labor is required in pre
paring the product for peeling, load
ing peeling units, removing skins and

r trimming operations. In some instan
ces, the product must be chemically
treated or handled in water to prevent
discoloration of the exposed flesh.
Where flesh is removed with the skin,
peeling losses are extremely high, 15
to 18 percent for apples. Such factors
affect the cost of peeling and the
quality of the finished product. It is
apparent that there is room for im
provement in peeling methods now
employed.

In 1956, Asselbergs and Powrie (3)
reported on a method of peeling
apples with the aid of infrared radia
tion. The method employed an in
sulated infrared tunnel with 30 kw
metal sheath radiant panels. Apples
were exposed in the tunnel for 8 to
30 seconds, depending upon the apple
variety, cooled in water and then the
peel removed by hand. Peeling losses
were less than 2.7 percent and the
apples did not brown when exposed
to air. Presumably, during exposure
of the apple to radiation, some steam
was formed in the intercellular spaces
immediately below the histological
peel. With the build-up of steam pres
sure, the intercellular connections in
this region were severed, allowing the
removal of the histological peel.

Another feature of this method is
that the depth of the cooked outer
layer of the flesh was less than 1 mm.
In processes which use steam or hot
water the layer of cooked tissue is

much deeper, and attempts to use
mechanical means to remove skins
after such treatment have resulted in
high flesh loss.

The employment of infrared radia
tion in peeling operations offered
the following possibilities:

1 Full or semi-automatic method of
peeling.

2 Reduced peeling losses.

3 Reduced cost due to the reduction
of hand labor required.

4 A higher product quality.

Further work was instigated to design
and construct an infrared tunnel and
a mechanical peel remover in order
to explore the possibility of peeling
products by the infrared process and
to determine the extent to which me
chanized peeling could be achieved
for apples, peaches, tomatoes and
plums.

DESIGN AND CONSTRUCTION
OF THE INFRARED TUNNEL

Preliminary investigations were car
ried out to determine if the main
effect for peeling was achieved by
direct infrared radiation or from con
duction-convection heating. Several
types of fruits were exposed to radia
tion from small panels powered by 3
to 4 kw of infrared lamps or tubes.

Further studies were conducted in
a commercial annealing oven heated
to temperatures of 1500° to 1800°F
by an electrical resistance wire. Tests
in the commercial oven included ex
posure of the fruit to direct infrared
radiation and secondly with the fruit
shielded from direct radiation by re
flective shielding. The test indicated
that the main effect for peeling was
obtained from direct infrared radia
tion. Where conduction - convexion
heating was the only method of heat
ing the product, as was the case when
the product was shielded in the com
mercial oven, charring of the surface
occurred before the desirable effect
was achieved. These results corres
ponded with those reported by Atkin
son et al (4) and Shields (11).

The tunnel was designed to give
maximum radiation intensity with a
minimum effect from conduction-
convection heating. This was achieved
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to some extent by the construction of

Figure I. View of exit of the Infra-red Tunnel

a tunnel with an open type design to
allow circulation of room air through
the tunnel. The original tunnel,
shown in figure 1, consisted of three
heating panels, 12 inches wide by 120
inches long, arranged so that the face
of each panel was on the side of an
18-inch equilateral triangle. This left
an open space of 3 inches on each
side of each panel. This, along with
the open end construction, allowed
room air to pass through the tunnel
by convection currents. The framing
was constructed so that the top panel
was on a horizontal plane and the
other two panels formed side panels
at 60 degrees to the horizontal. The
tunnel was not insulated but was
designed to minimize the escape of
direct radiation.

Each panel was composed of eight
6 by 30-inch sections. Each section
contained three 2500 watt infrared
quartz lamps. The quartz lamps,
which have a peak radiation at 1.1
microns, were selected as the radiation
source because their efficiency of con
verting input energy into infrared ra
diation is about 86 percent compared
to 57 percent for infrared quartz tubes
and 55 percent for metal sheath heat
ers (5), (6), (8), (9). Also, input
energy for quartz lamps generally is
100 watts per linear inch compared to
50 for quartz tubes and 65 for metal
sheath heaters. The wiring to the
lamps was arranged so that one, two,
or three lamps per section could be
turned on. In this way the tunnel
could be operated at total input of
60, 120, or 180 kilowatts.

An endless chain conveyor to which
stainless steel wire holders were at
tached every 5 inches carried the pro
duct through the length of the tunnel.



Five-inch spacing was selected so that
the shielding from radiation would
not occur from adjacent fruit. The
conveyor was positioned so that the
fruit was centered in the cross-section
area of the tunnel when it travelled
the length of the tunnel. The speed of
the conveyor chain could be adjusted
to permit exposure time between 5 to
60 seconds.

In the construction of infrared tun
nels with opposed panels of high in
tensities, the cooling of the reflectors
and of the metal lamp end seals was
a major consideration. For long lamp
life, the metal end seals of lamps must
be kept below 650°F (8), while the
maximum permissable reflector tem
peratures depend upon the type of
reflectors employed. With input of
7500 watts per 6 x 30-inch section,
cooling was definitely required. Data
on air cooling supplied by manufac
turers indicated that it would be dif
ficult to cool the unit at the high
intensity desired. Two fans of total
capacity of 1000 cfm were used for
cooling the top panel, while the two
side panels were cooled by two fans
of total capacity of 1700 cfm.

A number of reflectors can be em
ployed for infrared, gold and alumi
num being selected generally. Gold
reflectors were selected as they have
reflective efficiencies of 95 to 98 per
cent over the infrared spectrum as
compared to 75 to 90 percent for
aluminum and 60 to 85 percent for
chromium plating (1) (13). Although
gold reflectors are the most efficient,
their heat tolerance is only 500°F (8).
Aluminum reflectors, on the other
hand will stand up to temperatures of
800°F (8) but are subject to acidic
action of fruit juices.

OPERATION OF TUNNEL

When the tunnel was put into op
eration at full power, burning of the
gold reflectors occurred after ten
minutes. Damaged reflectors were re
placed and the original fan capacities
were boosted by increased hp to the
present values. Although this allowed
operation of the tunnel, the gold re
flectors gradually blackened. To en
able the work to continue, the reflec
tors were then replaced by polished
stainless steel reflectors. As steel has a
reflective efficiency of only 60 percent
over the infrared spectrum, the effi
ciency of the tunnel as an infrared
radiator was greatly reduced. No
problem has been encountered with
the metal end seals of the lamps and
loss of lamps has been primarily
through breakage.

To determine the efficiency of the
tunnel as a radiator, readings were
taken in the tunnel by an infrared

radiation meter similar to the one
described by Kemp et al (10). In
reference to figure 2, readings were

(45.72 CM)

Figure 2. Cross-section of tunnel for energy calcula
tions.

taken with the face of the meter in
plane #1 and also in plane #2. Plane
#1 was parallel to the top panel, while
plane #2 was at 60° to plane #1 and
so viewed the open space between
two panels. Both planes passed
through the mid-point of the cross-
section of the tunnel. It was assumed
that the reading taken in plane #2
would be equivalent to readings taken
in plane #1 but with the meter face
rotated 180 degrees to view the bottom
half of the tunnel. Calculations were
then made to obtain the total energy
received from above and below by
1 cm wide strip in plane #1 across
the tunnel width 45 inches from one
end. Readings were taken with 1, 2, or
3 lamps per section in operation and
the data recorded in table 1. Readings
were taken in plane #1 at 45, 18, and
12 inches from one end of the tunnel

to show "end effect" on radiation in
tensities. The efficiency of the tunnel
as an infrared radiator at 45-inch po
sition was determined in the following
manner:

Calculations for 3 lamps per section
in operation—

(1) Rated input = 180,000 watts

(2) Input per In cm of tunnel length
180,000

= 120' x2.54

(3) Theoretical output with lamp
efficiency of 85%

= 594 x 0.85 = 512 watts/In cm

(4) Length of strip across plane #1
can be shown to be =

594 watts

18.0" x Tan 30° x 2.54

Cos 30°

(5) Area of 1 cm strip across plane
#1 == 30.45 x 1.0 = 30.45 cm2

(6) Infrared intensity (meter read
ings) on the 1 cm strip

(a) Plane #1 = 2.62 watts/cm2
(b) Plane #2 = 2.37 watts/cm2

(7) Total energy received by 1 cm
strip

(a) From top half of tunnel =
2.62 x 30.45 = 79.9 watts

(b) From bottom half of tunnel =
2.37 x 30.45 = 72.4 watts

Total - 152.3 watts

(8) Efficiency = 152.3 x 100=29.6%
512.0

Operation temperatures were ob
tained with the use of iron-constantan

thermocouples and a potentiometer.
Air temperatures were taken in the
tunnel, behind the reflectors, and in

30.45 cm.

TABLE 1. OPERATION OF TUNNEL AS AN INFRARED RADIATOR

Particulars Energy Intensities
(Watts/In cm of tunnel length)

1 Lamp 2 Lamps 3 Lamps

342.0 512.0
1. Rated infrared lamp output

(85% of input) 170.0

2. Actual tunnel output 45" from one end
(1) Plane #1
(2) Plane #2

(3) Total

3. Efficiencies %

4. Tunnel variation Plane #1 only
(1) 45 in. from end
(2) 18 in. from end
(3) 12 in. from end

34.8 53.4 79.9

33.6 51.5 72.4

68.4 104,9 152.3

40.3 30.7 29.6

79.7

— — 77.5

— — 76.5
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the wireways. Temperatures were also
taken on the back of the reflectors

and on the quartz lamps next to the
metal end seals. These temperatures,
recorded in table 2, indicate that the
reflectors under full load were consid

erably above the 500°F safe tempera
ture level for gold reflectors. The max-

For a thermocouple with 1.0 inch
exposed leads of 0.032 inch diams

A = 2 [v x 0.032 x 1.0 x (2.54)2
(0.032 x 2.54)2] = 1.3 cm2—IT X

c = 5.672 x 10-12 watts cm-2 deg-

TABLE II. TUNNEL TEMPERATURES

DEGREES F

Particulars Number of Lamps per Section
in Operation

One Two Three

1. Tunnel air (corrected) 380 720 850

2. Reflectors 195-340 420-645 575-780

3. Air in wireways 105-135 135-180 140-210

4. Quartz lamps next to end seals 200 320 510

G = -1-=4x 5.762 x 10-12 watts
R

cm—2 deg—' x 1.30 cm2 x (846 deg)3
= 0.018 watts deg

The responsibility "r" of the ther
mocouple, the emf developed due to
radiation effect is defined as

r — — = P x R
G

where P = thermoelectric power of
a thermocouple (for iron constantan,
54x10—3mv deg C—1). For a black
body absorber, all the radiation energy
received will be absorbed and cause
a rise in temperature of the thermo
couple until equilibrium is reached.
But in this case the absorptivity of the
thermocouple leads are 0.6 so that
r = 0-6 x P x R

= 0.6 x 54 x 10—3mv x deg—1 x
1

0.018 watts deg—1
= 1.81 mv watts—1 or

= 1.81 mv per watt of radiation

received by the thermocouple.
The radiation intensity as measured

by the radiation meter was 2.62 watts
cm—2. Therefore, the total energy
received by the thermocouple leads
was 2.62 x 1.30 = 3.41 watts.

Therefore emf of the thermocouple
caused by radiation

= 3.41 watts x 1.81 mv watts—1

= 6.17 mv

The corrected mv reading for air
temperature would therefore be 29.70
-6.17 = 23.83

Corrected temperature = 850°F.

To date, the tunnel has been suc
cessfully employed in treating apples,
peaches, plums and tomatoes in pre
paration for peeling. The skin on the
plums and tomatoes often burst and
began to break away from the flesh
while still in the tunnel. Table 3
gives data on the treating time and
tunnel capacity. The time required
for treating was affected by variety
differences and fruit maturity (2) (3).

REMARKS ON TUNNEL
OPERATION

The data in table 1 shows that the
tunnel in its original form was far
from efficient. There were basically
two reasons for this: (1) tunnel design,
and (2) reflectors. It is expected that
a new tunnel could be constructed
with greatly reduced input to achieve
the same output intensity of the pre
sent tunnel. The use of newly develop
ed ceramic gold - plated reflectors
which will stand operational tem
peratures of 1000°F or the use of
water-cooled reflectors offer consider
able scope for improved efficiency.
With reduced input, extensive use
could be made of reflective shielding
to contain all direct radiation. (A
revised tunnel using ceramic gold-
plated reflectors was constructed in
1962).

imum temperature of quartz lamps
next to the end seals, 510°F, indicated
sufficient cooling was obtained for
long life of the seals. The wireways
were held at sufficiently low tempera
ture for type of wiring being employ
ed. The range of temperatures re
corded showed the effect of location

of reflector, etc., the higher tempera
tures being associated with the upper
portion of the tunnel.

The air temperatures taken in the
tunnel itself were corrected to elimin

ate the effect of direct radiations. Cal
culations employed are outlined by
Smith et al (12), and were as follows:

Thermocouple temperature correc
tion due to radiation effect-

Original thermocouple reading
= 29.7 mv

= 1045°F

= 846°K

The 29.7 mv response was due to
the emf developed in the thermo
couple my a thermocouple tempera
ture caused by surrounding air tem
perature plus direct radiation. For a
heated body, the heat loss G by radi
ation to its surroundings can be ex
pressed as

G —-i- = 4CT A T3
R

where A = to the surface area of the
body

T = to the absolute temp.
a = Stefans-Boltzman-

Constant

R = to the thermal resistance

to heat flow of a body to its
surroundings
G = total heat loss

TABLE III. EXPOSURE TIMES AND PRODUCTION RATES
OF INFRARED TUNNEL

Product

Apples

Peaches

Tomatoes

Plums

Exposure
times*

(Seconds)

15 - 45

5 - 15

5 - 10

5 - 10

No. of Fruits

per Hour

5,760 - 1,920

17,280 - 5,760

17,280 - 8,640

17,280 - 8,640

*At heat input of 180 kw and 5 inch spacing of fruit
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Future design will require an auto
matic feeding of the fruit to the tunnel
to maintain spacing between individ
ual fruits. A single line feed may be
replaced with a multiple line feed
which will require modification of
present tunnel design. The use of
gold in the reflectors does give pro
tection against acidic action of fruit
juices but does not overcome the fact
that juice will burn and cause a black
spot on the reflector. Because of high
absorptivity of the black spot, this
can cause a local spot of high temper
ature and may lead to burning of the
reflector.

DESIGN AND CONSTRUCTION
OF MECHANICAL PEEL

REMOVER

It was realized that, to achieve the
full benefit of infrared peeling, a
mechanical method of removing the
peels was required. When convention
al peeling methods are employed eg,
steam, the skin can be removed
readily but the depth of the soft
cooked area has limited the use of
mechanical peel removal systems. In
the preparation for peeling with in
frared, the exterior portion of the
flesh is left in a firm condition which
alows some mechanical handling
without undue flesh loss.

Figure 3. Peeling Unit and Peeled Apples.

Several approaches were made to a
possible means of removal of the skin
after infrared preparation, and this
included high pressure air or water
brushes, suction, and abrasion. With
tomatoes and plums, it appeared that
agitation in a water bath may be suf
ficient. Apples were found to be the
most difficult to handle as the skin,
although it was loose on the flesh,
retained its resistance to rupture.
Therefore, the main effort was con
centrated on apples, with the view
that any method that worked on
apples would also work on peaches.

The unit finally developed is shown
in figure 3. The peeling unit consist
ed of two rollers and a floating con
veyor belt. The rollers had a 3-inch
diameter steel core covered with 1 to

li/> inches of sponge material. The
rollers rotated in opposite directions
at 150 rpm. When an apple was placed
into the pitch between the two rolls,
it tended to be drawn between the

two rolls. The core of the rolls pre
vented this but the sponge material
wrapped around the contour of the
apple. The wrapping gave the sponge
sufficient frictional force on the skin

to pull and break the skin while the
apple rode between the rollers. As the
skin was pulled off, it was pulled
between the rolls which further strip
ped the skin from the apple.

The floating conveyor, which trav
elled at 800 fpm rolled the apples
lengthwise between the rollers and
also pressed the apples against the
rollers. The rollers were elevated at
the feed end so that the apples would
roll from the entry point to the
floating conveyor. Different sized
fruits were handled in the unit by
the adjustment of the centre distance
between the rollers. In actual practice,
it is probable that different sized
fruits will require adjustment in the
diameter of the rollers and the thick
ness of sponge material.

Materials that have been employed
on the rollers included Dunlop Pilo-
foam, urethane sponge and natural
sponge rubber. The Pilofoam gave the
best initial peeling action, but de
terioration of the rubber due to

fruit acid soon made it unfit for use.
Urethane sponge resisted the acidic
action but soon lost its ability to peel
because of the build-up of fruit juice
and pulp in the porous suiace. Nat
ural rubber gave encouraging results.
The original sheet employed was 1
inch in thickness but has a skin on
the surface. The removal of the skin
by grinding did not increase the fric
tional property of the surface and, in
addition, the open pores became filled
with juice and pulp and took on a
condition similar to that which had
occurred for the urethan-covered rol
lers.

The work to date indicated that
the best results would be achieved
from rollers made in the following
manner:

1 Sufficient sponge thickness to give
a good wrap, eg, for apples and
peaches, H/2 to 2 inches.

2 The surface of the material should
have a fine pore opening.

3 The density and resistance of the
material should approach that of
Pilofoam.

Rolls of this type of material may be
found completely unsatisfactory be
cause of sanitation problems.
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SUMMARY

The use of infrared peeling of
fruits and vegetables offers a saving
in material loss. As yet, sufficient me
chanization has not been achieved to
appreciably reduce handling during
peeling operations. This is mainly
due to the fact that a coring operation
is required to remove seeds or to aid
in the removal of peel. Work is being
continued on the peeling tunnel and
peel-removal devices.
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