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THE STEAM PRESSURE COOKER
By W. V. IIALVEBSEN'I

The steam pressure method ol can.
ring has been adopted in homes and
Iactories for the preservation of non-
acid {oods. The reasons fo! adoptine
this method are apparent: ( I)  i t  is less
expensive because the period of proc-
essing is much shorter, and (2) certain
hc al.resislan! bacreria. including the
much dreaded Clos. botrulinu!, can be
k:illed with certainty at the high tem-
peratures obtainable in the steam pres-
sure cook, r.  The romarkpble el l jc iency
ol this process for comm..rc'al canning
is generally recognized. It must be ad-
nilted. however, that because cf inferi'
or equiprnent and less eJlicient opera_
tion, home canning by the steam pres_
srlre method is noi as successful as
could be expected. There is no question
but that the prjnciple is fundamental-
ly sound, but ihere appears to be a defi
Diie need for research direcled toward
eljminating those factors which malie
hcme canning less efficient than com_

'mercial 
canning.

The pressure gauge is used on almosL
all makes of household steam pressure

canning equipment as the sole means
for regulating the processing. Since
temperature and not pr:essure is the
srFri l iz ing agenl. i t  appears obviou.
that a thermometer which gives a di-
rect temperatute reading would be
more rel iable as a guide for the proc_

essing of locds. The principal obiec-
trons to a pressure gauge arer (1) ] t
does not differentiate between steam
p1'essure and air pressure ( air may be
present b:cause of incomplete ex
haust), 2) i t  may become inaccuratc
i, I  er a period of usP. and 13 i l  is ; | l
fluenced also by altitude. Failure ol the
operator to recognize the impoftance of
arly of these three facls may result in
the lcss of the advantages of the steam
pr.essure method.

Several writers on the subiect o{ cal l-

ning have pointed to the desirability of
having household steam pressure cook_
ers equipped with thermometers. For
e):amp1e, Stanley and Steinbarger (3)
s1.rte, 

"I t  is desirable, also, to have a
thelmometer set in the top, so that the
pr€ssufe can be checked against the
temperature." They lullher state,
"Pressure gauges may become inaccu'
rate after a period of use, Tamer (4)
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Figure l.
The auihor acknowledges the l ine

worh of Mr. Roy Kaylor, machinist at
the Univcrsity of Idaho shops, who
mcde the prescure gauge tester pic_
tured above.

\\ ' r i tes, 
"However, good catul ing plac'

r.ice should provide for a reliable thet-
mometer wlih which the actual tem^

Fcrature maly be determined. Th;- is
[ecessary not only because the atmos'
phere in the cooker may contain con-
siderable air but because gauges may
become laulty by use year after year

$'ilhout inspec'.ion and adjustment.'
Baragar (:1) ccncludes, 

'The test on
fifly_t1vo new and old gauges sho'wed
that many gauges being us€d on pres
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suLe cookers are seriously off-cal ibra-
t i cn  .  . '

It has been the alrthor's observalron
that the manufacturers of household
sieam pressure cookers do not general-
ly equip them with thermometers, and
the loregoing refelences substantiate
his clalim that the pressure gauges sup-
plied commonly become jnaccurate aft-
er a period of use, which results in
spoilage of canned lood and exposes
the home cannet to the perils of botul.
ism and the economic loss of food. It,
therefore, appears logical that the
nlanufacturers of steam pressur.e cook-
els should voluntari ly either equin
them with thermometers or develop
plessufe gauges which are accurate and
remain so urder use. Tmprovements
should also be made in the design and
construction so that entrapped air
more readily could be exhausted. Since
steam is lighter than the ail it dis-
plcces, i t  seems logical that he pe
cock should be inserted in the contain
er just above the level ol the water. 11,
u:ould prcbably be better if the iher-
lrometer were inserted at this point
r l :o. Barage| I  suggesls the desira
l . l l i t y  o l  deve lop ing  an  i u l oma l i c  a i r
release valve to el iminate the uncer'
tainty of knowing when al l  the air was
out of ihe cooker. Failure to do this
nay result in legislative programs
warning the home canners of the srrua,
tjon. Such 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
p;uages is portrayed by the data in
Table 1.

For apparent reasons these steam
pressure cookers are referr€d to by
nlimber. The names and aaldresses of
the owners, the manufacturers oi the
plessure cookers and the manufactuf-
ers of the pressure gauges have been
purposely omitted from the table. How
ever, the group is representa' ive in thal
the common makes are represented. I t
is not uncommon to find the pointer on

the pressure gauge to be fitted so
loosely that i t  wi l l  move freely back
and forth so as to vary from one to rwo
pounds without any change in pressure.
It is evident lrom 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, 1,1
had an error of two or more pounds,
live had an erro! of four or more
pounds and one had an error of live
pounds. It is unfortunate that a faulty
Sauge always indicates a steam pres,
sure greater than that which actualty
exists within the cooker. This is serrous
because it {ollows that the temperature
irside the cooker is not as high, and
the reJo re  no t  as  e f f cc t i ve  f o r  p l oce : s i ng
the food, as the gauge indicates.

Table 2 shows that the relationship of
steam pressure gauge rcading to tem-
perature is intluenced by altitude. The
pressure gauge actually measufes the
diflerence between pressures inside the
chamber and atmospheric pressure out-
side the chamber, v".hich accounls for
the fact that approximately one adali-
tional pound ol steam pressure must be
maintained inside the ptessure cooker
Ior each 200 feet of elevation above sea
level, in order to maintain a tempera-
ture equal to that of steam pressu!.e at
sea level. Since all manufacturers ol
pressure gauges adjust them to read ac-
curately at sea level, it is apparent
that increases in attiiude would re-
quire that the operator must either
maintain a higher steam pressure or
plocess 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 rrr-
accuracy of the pressure gauge caused
b:i use, it becomes appalent that the
combined errols may become so great
iu mountain states, where steam pres-
sure cookers are considered most urg'
ent, as io defeat the purpose of the
steam pressure method.

Table 2, page 16 shows the gauge

Fressure corfesponding to specit ied
process temperatures at various aLtr-
tudes.
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T A B L E  1
Tes ts  on  Househo ld  P ressu re  Cooke f  Gaugea

Numbe!
Years cooker
has been in

use.

Elevation at I
which cooker 1.rs useo, l

ReadinB o' IrrpssrD e garrge comparpd
to maslef gauge ar:

5 l b s . 10 lbs. 15 tDS.

1
2
3
4
5

,|
8
I

t 0
11
12
13
1,t

1 5
1 6
l't
18
19
20
2 1
22
23
2 1
25
26
27
28
29
30
3 1
3 2
33
31
35
3 6
37
33

1

1
75-20

z

5
3
5
1l-)
I
5
2
l
2
2
2
5
1
4
2
5

25,30
2
2
I
1 7

2650
2650
2650
2  650
2650
2000
4450
4450
4450
4450
4450
415{
4450
4450

4450
5950
4450
4800
4800
5800
5200
4900
49 00
595  0
6000
6000
6000
6000
5950
6000
59  50
5950
6000
6000
6000
6000
6000
1000

5'7 %
10

5lz-41h
5-6

8
6Y1

6-8
5

51/z
6-7
5
5-

5-5
3-41,/,

5

6
5
5

15
77

T7
16t6-11

15
14-15
16
:18

14-15
6-10
75r/2
t6y2

11

t5-771/2
20

16-19
,7 ,5
1 6

77 r9

75Vz
16-17

15
15'16
1 4 1 5
13-14
16-18

16

7712
10
10
11

20 lbs.

5
7
6

51/2'6
5
4-5

5\h
8

31/z 5
0,5
5

5
0

i
I

I

i

I

2
20
13
1
20

10
12

70tk-rz
10

9-10
11
13

9-10
5-10
10

Il lz
10
61/z

pr'esarue reSrslels
10"72y2

15
10 ,11
10,11
11 {2

14
72
11

72-74
10

10yz
7172

10
9

1 0 1 1
9-10
8 9

10,11
11

Considering that the elevations at
\" hich these cookers ate used vary be
tu/een 1000 and 6000 feet, it becones
apparent that one to three pounds' ad-
clitional pressuure should be allowed,
respectively. In the case ol plessure

cooker No. 20 it woutd be necessary to
have a pressure gauge reading of 11
pounds of steam pressure in orde! to
have a. processing temperature equal
to five pouunds of steam pressure at
sea level and a gauge readlng ol 17
pounds to secure the equivalent ol 10
pounds steam pr:essure at sea level.

The same ligures remain virtually true
for No. 23.

Baragar {1) states: "Further since
the temperatures indicated on pressure

.gauges are true ohly 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 malkings
of temperature on plessure gauge dials
should be taken with a reliable ther-
nlome!er.

Testing the pressure gauge to deter-
mine its accuracy is a problem which
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night na'ural ly be assigned to a
nrcchanical engineer rather than a
h '  u . (w i [ e .  The  manu foc ' u re ] s  o I  p res -
si.re gauges adjust them to iead cor-
rect ly at sea level. No satisfactory
method Ior adjusting each gauge so as
10 compensate for the effect of altitude
has been found. The simplest methcd
r o r  d o / F - m r r i n d  $ . h . , h F f  a  . e r l a i n

steam pressure gauge is accurate is to
take it olf and send it back to the

would be l i t t le need for the pressure
g rugF. T"jme table' for procecsing
\irould th€n be tabula'ied for given tem-
peratures rather than steam pressure
readings.

If a mechanical engineer were to test
the gauge in the absence of a ther-
rqometer, he would piobably mount the
gauge along with a U-tube fllled with
n 'F rcu ry  I  ma rome le r '  and  de le rn ine
how high a given pressure reading

TABLE 2
Gauge Pressure Corresponding to Speci i ied Process Temperatures at

Va r i ous  A l t i t udes
TemD. Sea _I!"t  .bot" ""r t"""t* T
Des .  F  t eve t  

- -E i l o fd lD -2 i l 00@.

205
210
212
215
220
225
220
235
240
242
245
248
250
252
255
260

;
0 .9
2 .5
4 .2
6.1
8 .1

10 .3
11 .2
12.6
1,1.1

16_2
17.8
20.7

;
2 .0
2 .9

6 .2
8 .0

10.0
12.2
13 .1
11 .6
16.0
17.1
18 .1
19 .8
22. '7

1 . 8
2.4
3.3
4.9
6 .6
8 .5

10 .5
72.7
13 .6
15 .0

17.8
1 8 6
20.2

98 .9
100.0
101 .7
10  4 .1
101.2
110 .0
112 E
115 .6
116 .?
1 t8 .3
720.0
121 .1
I22 .2
723.7
126.7

0 .9
2 .3
2 .9
3 . 8
5 .3
7 . r
9 .0

11 .0

17.0
18 .0
19 .1
20.7
23 .6

0.5 96 .1

Prbl ished by National Canners' Assoc. in Bul let in 26L, page 14, Apri l  1939. Used b-y
Derm jss ion .  ( 2 )

ftranufacturers. One of the principal
manufaciuters of pressure cookers
rnakes the foi lowing olfer: 

'Send your
gauge to .--, regardless ol the make
(I cooher you are using, with only 50
cents. It your garlge is found accurate,
we will return it to you, postpaid, with
a refund of 25 cents, charging you only
25 cents lor handling, packing and

Dostage." It would seem logical to edu-
cate users of pressure cookers to have
their steam pressure gauges tested each
year, and a statement of this type
should be included with the directions
supplied by ihe manulaclurers ot pres

sure cookers.
The most logical solution would be to

cquip the cooker with a thermometer
scl that the pressure gauge could be
cl'.ecked against the actual tempera-
ture. Under these condit ions there

\'"-ould force the column of mercury.
S i r ch  a  l es l  c ,  u l d  bes l  be  madc  i n  a
laboratory. This would necessitale that
the presslrre gauge be r.mjved from
{he ccoker and be sent to the testing
luboratory. The service would be srmi_
lar 10 that ofler€d by the commercial
company outlin€d above. In an elabo_
riite experimental testing sei Baragar
(1) us€d a cooker equipped with (1) a
lnercury thermomPter. r2) a coppeJ _

(onsranlan thermo.ouple for measuring
temperatures within the cooker (3) a
lately valve. l4) an aulomatic air re_
lease valve, (5) a petcock for releasing
steam, (6) an opening for the gauge to
be tested and (?) a mercury lnanome-
ter to be used as the slandard for com-

l)ansons.
Another method which has been used

es t ' ns i ve l y  r n  t he  home  i s  p l ac ing  ,

;
1 . 4
3 .0

6 .6
8 .6

10 .8
11 .7

1 4  6

1 6 7
18 .3
21.2

0.4  I  0 .9
L0  1 .5
1 .9  2 .4
3.1 |  3.9
5 .2  5 .7
? .1  I  7 .6
9 .1  9 .6

11 .3  11 .?
12.2 | 12.7
1:t.6 14.1
15 .1  I  15 .6
16 .1  16 .6
1 t . :  1 7  . 1
18 .8  i  19 .3
21.'.t 22.2

;
1.1
2 ,7

6 .3
8 .3

10.5
11 .4
19.9
1,1.3
15 .1
16 . I
18 .1
21 .0
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maximurD-.. temperature. thermometer,
inside the'pressure cooker in a can of
water and proceealing to h€at the cook:,
er iust as one woultl Pqgll. !o plgcSisi
canned food. Let the prcssule.riset to 10
pounds. If the pressure g.oef- ab-ql'-e- 10.

' per Bq- inch .

he because of.one pound fof elevation:
and two pounds for inagqlrlacy-r of the!
gauge. If, howe-v€r, a:similar.hrror ol
three pounds .was e.ncopBteredr att 6000i
leet elevation, it.would indicate three
pounds error dU€. tq.q"levaiioni ard the
pressure g_augq: shqqld.be acsjlrate :at
sea leyel, r A . thelmometgr '. $periially
sj-dted.,to..t}Iis. purpose lras,been: devel-
gppeal py one of .the leadhg inanifacl
.turers of such equipment. lher puncipalt ,
difliculty encountered in this method

, 1 7- 1 8

19'24

and the proces€ repeatedr at 15 pounds'
pressure. The following table shows the
tempelature in degreee-- tr'ahlenhei6
which coilespond-: with:l the coarect
steam ptessure at sea level:

Obserye.the steam pressure shown in
Tabla' 3:r cotresponaling to the tempexa-
ture obtained on the maximum tem-.
perature thermometef. (Intelpo1aie to
obtain fraitioiral pounds pressure),
subtract this from the. maximuh stea6
pressLrle gauge reading rpainlained
during- the testing process. The differ-
ence fe,presents the loss of steriliztng
powe; dub to.inirceuraey of ihe gauge
plus the altitude factor. For example,
if this method showed an error of three
pounds at 2000 feet elevation) it would

pounds,. note the highe$ hre-ssure.
reached. Remoyej ihe aooliei .flqrii the
heat and let it stand until lhe piessure
registers i,ero, when it cari $g pp6ned
and the thermometer reading recorded.'
T?le mercury should be 

-shaken 
down
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l-r.ot necessary to have any complicated
coupling connections.

The details of construction ale so
sjmple 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 ptunger
is made air tight by a 1ayer of lubricat-
ing oil, air pressure is transmitted
equally to the master gauge and the
gauge to be tested.

SUMMAiY
The steam pressure gauge is used on

almost all makes ol household steam
plessure cookeis as the only means of
jldicating the temperature within the
cooke!. Tests have shown that most
steam pressure gauges become inaccu-
rate after they have been in use fot
several seasons. The inaccuracy is sucn
that the gauge generally indicates a
steam pressure greater than thatwhich
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 atmospheric pressure outside the
chamber, which accounts for the fact
that approximately one additional
pouhd oI stFam pressure must be main-
tained inside the pressure cooker for
each 2000 feet elevation above sea level
iu orde! to maintain a temperature
equal to a given steam pressule at sea
level.

The eror due to inaccuracy ol the
steam pressure gauge plus the added
I,ressure to be allowed for elevation
often cohbine 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-
riicy ol steam pressure gauges ale out-
lineil. The simplest is to remove the
gauge and send it to the manufacturer.
However, a simple testlng device de-

veloped by the autho! is deslribed.
Several modifications in design ol

sieam pressure cookers are suggested
io 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 caming is a problem
of such magnitude that manufacturels
of this type of equipment should im.
prove theii utensils along the lines sug-
gested here in oider to €lard against
botulinus poisoning and to prevent un-
necessary waste due to spoilage. tr'ai1-
ure to do this must surely result in the
adoption of educatioual or government-
al control measures.

The seriousness of the condi ion of
steam pressure cookers lesled now in
use can be judged by ihe following
data: Ol 146 pressure cookers tested
30 pressure gauges were accurate; on
6ts gauges the dials were so loose that
they would shake back and lorth over
a range of one pound or more without
change in pressure: 31 fluctuated 2
pounds o! more and 6 lluctuated 3
pounds or irrore; 87 were inaccurate to
the extent that the dial also showed one
pound oI more pressule than they
should; 42 showed an inaccuracy of 2
o,: more pounds: 23 showed an inac
curacy of 3 or more pounds;13 showed
an inaccuracy of 4 or more pouhds; 3
showed an inaccuracy of 5 or more
pc\unds.
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