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THE STEAM PRESSURE COOKER

By W. V. HALVERSEN*

The steam pressure method of can:
ning has been adopted in homes and
factories for the preservation of non-
acid foods.” The reasons for adopting
this method are apparent: (1) it is less
expensive because the pericd of proe-
essing is much shorter, and (2) certain
heat-resistant bacteria, including the
much-dreaded Clos. botulinum, can be
killed with certainty at the high tem-
peratures obtainable in the steam pres-
sure cooker, The remarkable efficiency
of this process for commercial canning
is generally recognized. If must be ad-
mitted, however, that because of inferi-
or equipment and less efficient opera-
tion, home canning by the steam pres-
sure method is not as successful as
could be expected. There is no question
but that the principle is fundamental-
Iy sound, but there appears to be a defi-
nite need for research directed toward
eliminating those factors which make
hcme canning less efficient than com-
mercial canning.

The pressure gauge is used on almost
all makes of household steam pressure
canning equipment as the sole means
for regulating the processing. Since
temperature and not pressure is the
sterilizing agent, it appears obvious
that a thermometer which gives a di-
rect temperature reading would be
more reliable as a guide for the proe-
essing of focds. The principal cobjec:
tions to a pressure gauge are: (1) It
does not differentiate between steam
pressure and air pressure ( air may be
present bezcause of incomplete ex-
haust), 2) it may become inaccurate
after a period of use, and (3) it is in-
fluenced also by altitude. Failure of the
operator to recognize the importance of
ony of these three facts may result in
the less of the advantages of the steam
pressure method.

Several writers on the subject of car-
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ning have pointed to the desirabilily of
having household steam pressure cook-
ers equipped with thermometers. For
example, Stanley and Steinbarger (3)
state, “It is desirable, also, to have a
thermometer set in the top, so that the
pressure can be checked against the
temperature.” They further state,
“Pressure gauges may become inaccu-
rate after a period of use.” Tanner (4)
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. The author acknowledges the {fine
work of Mr. Roy Kaylor, machinist at
the University of Idaho shops, who
made the pressure gauge tester pic-
tured above.

writes, “However, good canning prac-
tice should provide tor a reliable ther-
mometer with which the actual tem-
perature may be determined. This is
necessary not only because the atmos-
phere in the ccoker may contain con-
siderable air but because gauges may
become faulty by use year after year
without inspeclion and adjustment.”
Baragar (1) cencludes, “The test on
fifty-two new and old gauges showed
that many gauges being used on pres-
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sure cookers are seriously off-calibra-
TIGTIE

It has been the author's observation
that the manufacturers of household
steam pressure cookers do not general-
Iy equip them with thermometers, and
the foregoing references substantiate
his claim that the pressure gauges sup-
plied commonly become inaccurate aft-
er a period of use, which results in
spoilage of canned food and exposes
the home canner to the perils of botul-
ism and the economic loss of food. It,
therefore, appears logical that the
manufacturers of steam pressure cook-
ers should wvoluntarily either equip
them with thermometers or develop
pressure gauges which are accurate and
remain so under use. Improvements
should also be made in the design and
construction so that entrapped air
more readily could be exhausted. Since
steam is lighter than the air it dis-
places, it seems logical that he pe-
cock should be inserted in the contain-
er just above the level of the water. It
would prebably be better if the ther-
mometer were inserted at this point
also. Barager (1) suggests the desira-
bility of developing an automatic air-
release valve to eliminate the wuncer-
tainty of knowing when all the air was
out of the cooker., Failure to do this
may result in legislative programs
warning the home canners of the situa-
tion. Sueh legislation or educational
program would be undesirable be
cause it would lessen confidence of
the public in the steam pressure can-
ner and retard the universal adoption
of this type of equipment.

The degree of inaccuracy cf pressure
guages is portrayed by the data in
Table 1.

For apparent reasons these steam
pressure cookers are referred to by
number. The names and addresses of
the owners, the manufacturers of the
pressure cookers and the manufactur-
ers of the pressure gauges have been
purposely omitted from the table. How-
ever, the group is representa’ive in that
the common makes are represented. It
ig not uncommon to find the pointer on

the pressure gauge to be fitted so
loosely that it will move freely back
and forth so as to vary from one to two
pounds without any change in pressure.
It is evident from these data that a
large proportion of the steam pressure
gauges used on household steam pres-
sure cookers are inaccurate. Of thirty-
eight representative gauges tested, 14
had an error of two or more pounds,
five had an error of four or more
pounds and one had an error of five
pounds, It is unfortunate that a faulty
gauge always indicates a steam pres-
sure greater than that which actually
exists within the cooker. This is serious
because it follows that the temperature
inside the cooker is not as high, and
therefore not as effective for processing
the food, as the gauge indicates.

Table 2 shows that the relationship of
steam pressure gauge reading to tem-
perature is influenced by altitude. The
pressure gauge actually measures the
difference between pressures inside the
chamber and atmospheric pressure out-
side the chamber, which accounts for
the fact that approximately one addi-
tional pound of steam pressure must be
maintained inside the pressure cooker
for each 200 feet of elevation above sea
level, in order to maintain a tempera-
ture equal to that of steam pressure at
sea level. Since all manufacturers of
pressure gauges adjust them to read ae-
curately at sea level, it is apparent
that increases in altitude would re-
quire that the operator must either
maintain a higher steam pressure or
process the food longer in order to use
for canning time tables which are based
cn sea level. Since the error due to al-
titude is in the same direction as the in-
accuracy of the pressure gauge caused
by use, it becomes apparent that the
combined errors may become so great
in mountain states, where steam pres-
sure . cookers are considered most urg-
ent, as to defeat the purpose of the
steam pressure method.

Table 2, page 16 shows the gauge
pressure corresponding to specified
process temperatures at various alti-
tfudes.
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TABLE 1
Tests on Household Pressure Cooker Gauges

‘ Years cooker | Elevation at

Reading of pressure gauge compared
to master gauge at:

Number has been in | which cooker

use. is used. J 5 1bs. 10 1bs. 15 1bs,
1 al 2650 [ B 10 153
2 2660 7 12 AT
3 1 2650 \ 6 12 17%
4 | 15-20 2660 515-6 1015-12 1636-17
5 \ 2 2660 ‘ 5 10 105
6 2000 4-5 9-10 14-15
7 4450 5% i 16
8 2 | 4450 8 13 18
9 [ 20 4450 314-5 9-10 14-15
10 | 18 4450 \ 0-5 5-10 6-10
11 1 4450 | 5 10 1514
12 20 4450 | 6 11%% 16%
i3 4450 | 5 10 15
14 [ 4450 | 0 64 11
. | [ At 20 1bs. pressure registers 16.
15 \ 4450 5-T% \ 10-12%% 15-17%
16 | 5950 10 | 15 20
17 4450 515-41% 10-11 15-16
18 b 4800 5-6 10-11 15-16
19 3 4800 6-7 11-12 16-17
20 \ 5 5800 8 14 16-19
2 | 10 5200 614 T2 17.6
22 il 4900 6 11 16
23 ( 5 4909 6-8 12-14 17-19
24 2 5950 b 10 15
o5 1 6000 534 10% 151
26 | 2 6000 | 6-7 1112 16-17
27 2 6000 5 10 15
28 2 6000 5- 9 | 15
29 5 5950 5-6 10-11 15-16
30 1 6000 5-514 9-10 l 14-15
31 4 5950 3-41% 8-9 ] 13-14
32 % 5950 5 10-11 [ 16-18
33 b 6000 6 hEi 16
3 25-30 6000 — | — ’ —
35 2 6000 6 | 12 { Al
26 2 6000 5 } 10 L 15
37 1 | 6000 | 5 | L0 \ 15
38 17 ‘ 1000 [ 6 | 1k \ 16

Considering that the elevations at
which these cockers are used vary be-
‘tween 1000 and 6000 feet, it becomes
apparent that one to three pounds' ad-
citional pressuure should be allowed,
respectively. In the case of pressure
cooker No. 20 it would be necessary to
have a pressure gauge reading of 11
pounds of steam pressure in order to
have a, processing temperature equal
to five pouunds of steam pressure at
sea level and a gauge reading of 17
pounds to secure the equivalent of 10
pounds steam pressure at sea level.

The same figures remain virtually true
for No. 23.

Baragar (1) states: “Further since
the temperatures indicated on pressure

- gauges are true only when the gauge

calibration is correct and readings are
being taken at sea level, the use of
these temperatuures as a processing
guide is misleading and the markings
of temperature on pressure gauge dials
should be taken with a reliable ther-
mometer.

Testing the pressure gauge to deter-
mine its accuracy is a problem which
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might mna'urally be assigned to a
riechanical engineer rather than a

hcusewife. The manufacturers of pres-
sure gauges adjust them to read cor-
rectly at sea level. No satisfactory
method for adjusting each gauge so as
to compensate for the effect of altitude
kas been found. The simplest method
for determining whether a certain
steam pressure gauge is accurate is to
take it off and send it back to the
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would be little need for the pressure
gauge. Time tables ‘for processing
would then be tabulated for given tem-
peratures rather than steam pressure
readings.

If a mechanical engineer were to test
the gauge in the absence of a ther-
miometer, he would probably mount the
gauge along with a U-tube filled with
niercury (manometer) and determine
how high a given pressure reading

TABLE 2
Gauge Pressure Corresponding to Speciiied Process Temperatures at
Various Altitudes

Temp. Sea Feet above sea level o Temp.
Deg. | level 500 1000 2000 3000 4000 5000 6000 Deg. C.
200 — | — [ — | — | — — | 933
205 _— — e Ce = —— 0.5 0.9 96.1
210 - = == 0.4 l 0.9 14 | 1.8 2.3 98.9
212 0.0 0.2 | 0.5 0| 1.5 2:0 | 2.4 2.9 100.0
215 0.9 11 14 1:90 2.4 2.9 | 3.3 3.8 101.7
220 2.5 2.7 3.0 3.4 | 3.9 44 | 4.9 5.3 104.4
225 4.2 4.5 4.7 5.2 | b1 6.2 | 6.6 Il 107.2
230 6.1 6:3 | 6.6 Tl | 7.6 8.0 | 8.5 9.0 110.0
236 8.1 8.3 8.6 Sl 9.6 1000 S04 1L 0 T
240 10.3 10.5 10.8 11.3 ‘ Hlar R R R S L ol 3RS0 b
242 11.2 11.4 8 L1l 12200 T S I B aBal s
245 | 126 12.9 15.1 13.6 I S GRS | L5 15.5 118.3
248 | 1431 | 143 14 6 )it ‘ 15.6 160 [F =165 17.0 120.0
250 | il 15.4 15.6 161 | 16.6 LS N i 18.0 1211
2562 16.2 16.4 16.7 I 20 T 181 | 186 L0 122.2
255 17s g 18.3 18.8 19.3 ORI 2D 20.7 123.7
260 2R N ) 21.2 210 1 22.2 22.7 | 231 23.6 126.7

Published by National Canners’ Assoc. in Bulletin 26L, page 14, April 1939. Used by

permission, (2)

manufacturers. One of the principal
manufacturers of pressure cookers
makes the following offer: “Send your
gauge to - , regardless of the make
of cooker you are using, with only 50
cents. If your gauge is found accurate,
we will return it to you, postpaid, with
a refund of 25 cents, charging you only
25 cents for handling, packing and
postage.” It would seem logical to edu-

cate users of pressure cookers to have.

their steam pressure gauges tested each
yvear, and a statement of this type
should be included with the directions
supplied by the manufacturers of pres-
sure cookers.

The most logical solution would be to
cquip the cooker with a thermometer
so that the pressure gauge could be
chiecked against the actual tfempera-
fure. Under these conditions there

would force the ecolumn of mercury.
Such a test cculd best be made in a
laboratory. This would necessitate that
the pressure gauge be remoaved from
the cooker and be sent to the testing
laboratory., The service would b2 simi-
lar to that offered by the commereial
company outlined above. In an elabo-
rate experimental testing set Baragar
(1) used a cooker equipped with (1) a
mercury thermometer, (2) a copper-
constantan thermocouple for measuring
temperatures within the cocker (3) a
safety valve, (4) an automatic air re-
lease valve, (5) a petcock for releasing
steam, (6) an opening for the gauge to
be tested and (7) a mercury manome-
ter to be used as the s'andard for com-
parisons.

Another method which has been used
extensively in the home is placing a
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maximum. temperature thermometer.
inside the’ pressure cooker in a .can of

water and proceeding to heat the cook-.

er just as one would begin to process
canned food. Let the pressure rise to 10
pounds. If the pressure goes above 10
pounds,  note the highest pressure.
reached. Remove the cooker from the
heat and lef it stand until the pressure
registers zero, when it can be opened

and the thermometer reading recorded.
The mercury should be shaken downf

he because of one pound for elevation
and two pounds for inaceuracy:of the:
gauge. If, however, a similar error of
three pounds was encountered at 6000
feet elevation, it would indicate three
pounds error due to-elevation: and the
pressure -gauge should be accurate :at
sea level. A thermometer especially
suited to this purpose has-been devel-
opped by one of: the leading manufac-
turers of such equipment. The principal
difficulty encountered in this method

TABLE 3 : Y it

Temperature Correspondmg to Gauge: Reading in Pounds of =i
Steam Pressure (at Sea Level) :

Lbs. pressure

. Temp. Degrees

per sq. inch Fahrenheit
0 219.0-7
il 2154
2 2185
3 221.5,
4 2944
5 i e
-6 T e S o e e =
7 e o D
8 9847
9 237.0
10 239.4
11 e on 5 O
12 L 248 T
13 . 245.8
14 "947.8
15 249.8
16 251.6
17 253.4
18 255.4
19 257.0
20 258.8

and the process repeated at 15 pounds’

pressure, The following table shows the
Fahrenheit-

temperature in degrees -
which correspond . with | the
steam pressure at sea level:
Obgserve the steam pressure shown in
Table" 3" corresponding to the tempera-
ture obtained on the maximum tem-
perature thermometer. (Interpolate to
obtain fractional pounds pressure),
subtract this from the maximum steam
pressure gauge reading maintained
during the testing process. The differ-
ence represents the loss of sterilizing
power due to .inaccuracy of the gauge
plus the altitude factor. For example,
if this method showed an error of three
pounds at 2000 feet elevation, it would

correct

Is that it requires a suitable source of
heat and takes an hour or more to do'
the testing. =

Flgure 1 illustrates a surnple portab]e ‘
device developed by the author for test-
ing steam pressure gauges. The . disad-
vantages encountered in using this de-
vice are (1) it is necessary fo remove’
the pressure gauge from the cooker in
order to perform the test, and (2) the
master gauge, like the gauge on the
cooker, is {nfluenced by altitude. The
advantages are that it works very fast
and serves well for use in an education-
al campaign. Since all pressure gauges
used on household pressure cookers
bave the same size threaded base it is
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not necessary to have any complicated
coupling connections.

The details of construction are so
simple that they hardly need explana-
tion. The tester is operated by turning
the knurled knob which exerts a pres-
sure on a pump plunger. This plunger
is made air tight by a layer of Iubricat-
ing oil, air pressure is transmitted
equally to the master gauge and the
gauge to be tested.

SUMMARY

The steam pressure gauge is used on
almost all makes of household steam
pressure cookers as the only means of
indicating the temperature within the
cooker. Tests have shown that most
steam pressure gauges become inaccu-
rate after they have been in use for
several seasons. The inaccuracy is such
that the gauge generally indicates a
steam pressure greater than that which
actually exists within the cooker.

Altitude also influences the relation-
ship of pressure and gauge reading to
temperature of the steam inside the
pressure cooker. The pressure gauge
actually measures the difference be-
tween pressures inside the chamber
and atmospherie pressure outside the
chamber, which accounts for the fact
that approximately one additional
round of steam pressure must be main-
tained inside the pressure cooker for
each 2000 feet elevation above sea level
in order to maintain a temperature
equal to a given steam pressure at sea
level.

The error due to inaccuracy of the
steam pressure gauge plus the added
pressure to be allowed for elevation
often combine to create such a large
factor that it may entirely offset the
advantages claimed for the steam pres-
sure method of home canning.

Several methods for testing the accu-
racy of steam pressure gauges are out-
lined. The simplest is to remove the
gauge and send it to the manufacturer.
However, a simple testing device de-

veloped by the author is described.

Several modifications in design of
steam pressure cookers are suggested
to facilitate the removal of air and to
give a true indication of the effective
temperature inside.

This study indicates that the tem-
perature control in the steam pressure
method of home canning is a problem
of such magnitude that manufacturers
of this type of equipment should im-
prove their utensils along the lines sug-
gested here in order to guard against
botulinus poisoning and to prevent un-
necessary waste due to spoilage. Fail-
ure to do this must surely result in the
acdoption of educational or government-
al control measures.

The seriousness of the condilion of
steam pressure cookers tested now in
use can be judged by the following
data: Of 146 pressure cookers tested
30 pressure gauges were accurate; on
62 gauges the dials were so loose that
they would shake back and forth over
a range of one pound or more without
change in pressure: 31 fluctuated 2
pounds or more and 6 fluctuated 3
pounds or more; 87 were inaccurate to
the extent that the dial also showed one
pound or more pressure than they
should; 42 showed an inaccuracy of 2
or more pounds; 23 showed an inac-
curacy of 3 or more pounds; 13 showed
an inaceuracy of 4 or more pounds; 3
showed an inaccuracy of 5 or more
peunds.
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