Air Leakage in Controlled-Atmosphere Storage
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N the CA (controlled-atmosphere) Meclntosh apple stor-
I age it is desirable to ohtain an ai:mmphere of % percent
oxygen and 3 percent carhon dioxide as rapidly as pos-
sible after storing the fruit. In such rooms a level of 3
percent oxygen 15 obtained by allowing the respicing fruft
te utilize and thereby reduce the oxygen level in the room.
Any delay in acquiring the 3 percert oxygen level will tend
to shorten the potentinl storage life of the fmit, Since fo
sealed CA storage room is 100 peccent gastight, any move-
ment of air through small keaks may be expecied to influence
the rate at which the oxygen level is reduced. The move-
ment of air through small leaks in such storage rooms, the
effect of this leakage in (erms of added oxygen, and 2
method of reducing the influx of oxygen are discussed below,
Dwuiring the 1952 apple storage scason, observations made
on’a 3300-bu-capacity CA room indicated that a pressure
fluctuation -occurred, b was thought that the temperature
gycling of the room conld canse the specific volume of the
atmosphere in the room to change and thereby create nega-
tive and positive pressures during the cooling off and warm-
ing portions of the temperature cycle. Since the stoucture is
cigid but not hermetic, the room would “breathe” with each
temperature cyde. It was concluded that, i the atmosphere
did expand and conkract, an appropriate contraction and ex-
pansion chamber might be wsed to reduce the amount of
breathing and thereby increase the rate at which the oxygen
level dropped after closing the room. A project was set up
. to study the problem during the 1953 storage scason,
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Fiz. 1 Apparatus tor measuring rate of leakape: (1) microman-’
ometer, {2) flow meter, and {3) air compressor

Experimental

The study reported in this paper was made at the [arm
stoage of a4 Massachusetts apple grower who had bwo similar
CA storage rooms. These rooms were Duilt in 1932 accord-
ing to the general specifications given by Smock (3)%. The
toums were lined with aluminum sheeting and equipped
with a sheet metal door in addition to a standard refrigecator
door. The aluminum sheets were overlapped, and all joints
caulked, The refrigeration system used F-12 as the refrige-
rant. One refrigeration system served both rooms; the
temperature in each room was controlled by a remote bulls
thermostat that operated the liquid line solenoid valve to
that room, Fach room was equipped with a scrubber con-
strncted according to plans outlined by Smock and Van
Doren (3).

The first phase of the project was measuring the rate of
leekage of the rooms. A method was devised using a small
air compressor for supplying air under pressure, a rotometer
for measuring air flow, a valve for regulating air flow, and a
micromanometer for measnring the difference between room
and atmospheric pressure. This apparatus is illustrated in
Fig. 1. The rotometer was calibrated for air flows of 25 io
200 cfh. ‘The first step in the testing procedure was to seal
the room and allow it to cquilibrate in temperature with the
surrcundings.  Air was then metered inte the room at the
rate af 25 cfh until the differential pressure teached a con-
stant value, At this point the air was leaking out of the
room at the same rate it was being added; therefore, the
manometer reading was the differeptial pressure causing 25
cfh of lcakage. The rate of fow was then increased to the
next lngh&r valug, and the entire procedure repeated. The
result is a graph relating pressure differential with rate of

#Numbers in parentheses refer to the appended bibliography.
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Fig. 3 Fxpansion bag connected to room

leakage; in Fig. 2 the leakage rate graph for the two rooms
under stndy is illustrated. The maximum pressute put on
the room was relatively low Decause it was felt that high
pressure would serve no useful puspose in this test and
_might cause moce leaks in the room.

Since pressure differentials were lo be studied, two re-
cording differential manometers were obtained, and onc was
connected L0 each room. A temperatura-sensing clement was
located in each room and conneded to a multiple-point
recarder so that a continuous record of temperature in the
room would be available. The empty rooms were refrige-
rated at this time and several tests made to detenmine the
pressure fluectuations, Empty room tests showed definfte pres-
surc fluctualions accompanying temperature changes.

A bag 12 by 16 ft (flar size) made of vinylite plastic
sheeting was attached to reom No, 2 as shown in Vig. 3 asa
means of reducing pressure differentials. Tnitially the bag
was connectad to the room with 13 LD, hose and 1% Am,
Std. pipe. In March, 1954, some 2% I.D. flewible metal
hose was obtained; this was used to connect the bag to the
room for o 3-day test period.

The bag was hung from the ceiling as illustrated in
Fig. 3. The bottom of the bag was supparted by skraps about

6 ft below the ceiling in an effort to reduce the pressure

required ta move and hold air in the bag. It was found that
supporting the bottom of the bag was not encugh; so a few
wecks after installation one side of the hag was ticd back to
maintain mote 2ir in the bag at equilibrium pressuce. Room
No. 1 was not equipped with a bag and therefore would
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serve as a contrel in the evaluation of the breather beg.
The rooms were filled to capacity with apples during the
latter part of September. The recording thermometers and
manometers were operated the entire length of the storage
season giving a completc peessure and temperature record
for bath rooms. In addition the operator of the storage
mezsured the oxygen and carbon dioxide levels twice daily.

Results and Discussion

The breather bag appeers 1o have had a marked effect in
reducing the oxygen level in the rooms under study, as
illustrated in Figs. 4 and 5. The oxygen levels plotted on the
graph in Figs. 4 and 3 arc an average of the two daily read-
ings. The oxygen level in the No. 2 room (initially con.
nected to the breather hag) was reduced to 2.7 percent in 23
days. The No. 1 room (initially without the bag) had an
oxygen levcl between 7 and 8 percent, 22 days after sealing;
zbout G percent, 40 days after sealing. A breather bag was
connected to the No. 2 room on October 31, 42 days alter
the room was sealed. Bight days aller the bag was con-
nected to the No. 1 room the oxygen level was rednced to
2.2 percent. A serious I'-12 leak developed in toom Mo, 2
and required that the door be removed and the leaic repaired.
Although the door was off for only an hour, the oxygen
level the following day {January 5, 1954) was 15.4 percent.
The oxygen level was redvced to 3.1 percent in 22 days as
illustrated in Fig. 5; during this petiod the room was con-
nocted to the beg.

The pressuce variations of room No. 2 are iliustrated on
the recatder charts shown in Figs. 6, 7, and 8. It is obvious
when the pressure differentials of Figs. 7 and A are com-
pared that the {%-in L. hose and pipe arc tov small.

When the rooms were connected to the breather bag, it
was diffienlt to keep the oxygen lovel up to between 2 and 3
petcent. 1t was found that, if the bag was disconnected or
shut off, the rooms wonld maintain an almast constane oxy-
gen level without sdding any ventilating alr. On several
occasions the CA oxygen content went above the desired
level; at these times the bag was connected ta the room and
the oxygen level was brought down in a fow days,

One of our breather bags was used hy Smock and Bran-
ton (4) for a few weeks during December, 1933, aod
Januaty, 1854, Their rcsults indigeted thatsthe bag helped
to reduce the oxygen level of the room, The hag plus
nitrogen gas had more effect than the bag alone.
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Fig. 4 (Left) Oxygen lewel in storage room No. 1 doring sforage season o Tig. 5 (Righs} Oxygen level In storage room Mo, 2 dering
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An analysis was made of the variables affecting the oxy-
gen level of the CA storage in an attempt to rationalize the
resulls oblained, The quantty of alr drawp dinto the storage
during each temperatnre cycle was obtained by using the
differential pressure data illustrated in Figs. 6, 7, and 8 to
find the rate of leakage from Fig 2. A curve of kakage
rate as a function of time was then plotted, and the area
under the cutve, leakage per cycle in cubic feet, was ob-
tained by mcasuring the area under the curve with a plani-
meter and multiplying by the wit area factor, The average
of a number of these analyses gave the leakage through
cracks per temperature cycle as 4.27 ca ft without the
breather bag, 1.72 coit when the bag was connected with
the 1%-in hose and 6.65 e ft when the 2%-in hose was used.

Ths average temperature cycle of the storage room under
study was abcut 0.5 F. The volume change calculated by the
general gas law PI7/T —PV/T for a room containing 4330
cu ft of atmosphere, for a 0.5 I' temperature change assum-
ing the pressure 15 constant is 4.4 cu ft, Using the same equa-
tion and temperature condicion, the pressure change for a
rigid hermelic room would be 0.4 in of water. The behavior
of the reom therefore can be explained by physical Taws,

The flexible breather bag, theoretically as part of the
room, permits the volume of the room to change as the
volume of the atmosphere in the room changes wilth tem-
perature and pressure. From a practical standpoint, we can
only approach this ideal situation becavse of the weight of
the bag and the pressure drop in the clements connedting
the expansion chamber with the room.

The oxygen wsed by the fruit vnder CA conditions of
3.5 percent O and 5 percent (.0 calculated from data pre-
sented by Van Doren (6) is 46.5 cu [t per day. The air Jeak-
age of room Mo, 2 (the praduct of the number of tempera-
tore cycles, average of 70 per day, and the leakage rate per
cycle, 4.26 cu ft) is 303.2 o ft per day when the room is not
comnected to the breather bag. Using a modification of the
formula presented by Sainshury and Gerhardt (2), the calce-
lated oxygen gain under the condition illustrated in Fig. 7 is
52.3cufl per day, With the bag connected under canditions
illustrated in Uig. 8 the oxygen gain is only 21.Gcuft per day.

An analysis of the refrigeration loads of the rooms under -

study showed that over 80 percent of the cooling load, after
removal of field heat, was due to the motors and fans of the
unit coolers and a carbon afr purifier. The unit cooler and
air purifier fans werc operated continuously,

Kidd and West (1} peint out that barometsic pressure
changes can affect the time required to obtain the desired
atmosphere. A study was made of cydes of the barometric
pressure at Amherst, Mass., between Octeber 1, 1953, and
March 1, 1054, 1t was fonad that the average major cycle
required six days and had a ranpe of 0.631n of meroury (8,58
i of water). The effect of these barometric pressure changes
on the storage rooms in this study is to increase the oxygen
level by about 13.7 en ft per haromerer cycle, or 2.6 ao ft per
day. It appears that the oxygen gam from barometric pres-
sute changes 15 small compared to the oxygen gain of a room
without a hreather hag, - 7

In generzl, this study indicates that a breather bag will
probably increase the rate of oxygen reduction of a CA
storage that has off-on tempetature control and is 92 to 95
percent tight according to Smock (3). The groatest benefit
will probably be in sinall roems with unit coolers.

1t is doubtful if the breather bag aids in reducing the

erygen gain from barometric pressuce cycles. Oxygen gain’

due to scrubbing vut carbon dioxide also seemns to be Deyond
control with the breather bag, since the volume of COy
scrabbed out must be replaced by air from outside the star-
agc if cquilibrium is to be maintained. The bag will im-
prove the operation of a tight room but will do little for a
lealey room.

Summary

Observations made during a one-yeat study of pressure,
temperature, and volume relationships of a CA apple stor-
agc have been outlined. A methed of testing'a CA storage
[or rate of leakage bas heen descibed and test data pre-
sented. Results from the use of a breather bag to increasc
the rate of oxygen reduaction have been discussed.
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Tig. 6 (Laft) Chart showing pressure Huctuaticns of storage room without bag + Fig. 7 (Cender) Chatl showing pressure fluctuations of
storage room connected to breather bag with 13%-in elements » Fig A ('R;_",qb:) Chart showing pressure ﬂuctuathns of storage room
connected to breather bag with 2%-in elements (Pressurcs in Pigs. 6, 7 and 8 are in inches of waler)



