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This invention relates to a system for indi 
cating the working conditions and operat 
ing efficiency of fluid pressure apparatus such 
as condensers and the like. More particu 

5 larly, the invention is concerned with a sys 
tem embodying a combination gauge or in 
strument, responsive to pressure and tem 
perature, designed to afford an easily read 
able indication of whether or not the pres 

10 sure and temperature conditions bear a pre 
determined proper relationship to one an 
other. 
The present invention is based upon two 

principles, one of which is Dalton's Law of 
13 Partial. Pressures, viz., that: The total pres 

sure of a mixture of gases is equal to the sum 
of the separate pressures which the gases 
would exert if each alone occupied the whole 
volume. The other principle is that, in a 

22 system where certain pressures in one part 
of the system bear a definite relationship to 
certain temperature conditions existing in 
another part of that system during proper 
operation of the latter, any indicated varia 

25 tion in said relationship will show that the 
system is not operating at desired efficiency. 
Each of these principles, and a combination 
of the two, may be utilized to iocate the 
source of certain inefficiencies of the system. 

Although, as above generally outlined, the 
invention is capable of wide and varied use, 
it will be particularly described and dis 
closed in connection with a vapor condenser 
for steam, ammonia, or the like. 

Excessive pressures (inadequate vacuum) 
may arise in condensers, whether the vapor 
to be condensed is normally either above or 
below atmospheric pressure, due to such, 
causes as air leakage into the system, dirt in 

4) the condenser, baffles or division plates car 
ried away, inefficient separating pumps, in 
sufficiency of cooling medium, too high a 
temperature of cooling medium, or uncom 
pensated height of the barometer. It is es 

45 sential that an adequate vacuum be main 
tained, not only to operate at high efficiency 
the engines or other apparatus exhausting 
into the condenser, but also to attain a proper 
efficiency for the condenser and the plant 

50 as a whole; and, accordingly, it is a major 
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object of my invention to provide means 
for showing, at a glance, that one or more of 
the above mentioned factors is causing ex 
cessive pressure. - 

If a perfect vacuum were created in the 
condenser, the absolute pressure would be 
zero, i. e., 14.7 pounds below atmospheric 
ressure when the barometer stands at 30'. 
When only a partial vacuum is created, a 
corresponding absolute pressure will exist. 
For saturated vapor, or a mixture of the 
vapor and its liquid, the absolute pressure is 
a function of the temperature and hence, if 
the vapor in a condenser were pure (free 
from air and other non-condensible gases) 
its temperature could be taken and its abso 
lute pressure calculated there from. How 
ever, it is practically impossible to have 
air-free vapor in a condenser, and hence the 
temperature of the vapor indicates only that 
pressure due to the pure vapor present. The 
total pressure is greater, being the sum of 
that of the pure vapor and that due to air or 
other gases present. 
If the vacuum gauge fitted on the condenser 

is accurate, the absolute pressure can be ob 
tained by calculating the difference between 
the gauge and barometer reading. The dif 
ference between the absolute pressure, thus 
obtained, and the absolute pressure corre 
sponding to the temperature of the vapor 
(obtained from saturated vapor tables) rep 
resents the partial pressure of any air or 
other foreign gas present. That is, if air 
is present, the thermometer indicates a bet 
ter vacuum than actually exists. This meth 
od of determining inefficiency by calculation 
is too complicated. Some means should be 
provided for mechanically indicating or re 
cording the working conditions so that quick 
readings may be had and immediate steps 
taken to correct the conditions contributing 
to the plant inefficiency. I have found that 
such a means can be formed from pressure 
and temperature responsive instruments, de 
signed and correlated in any one of several 
ways, as follows. 
The combination instrument may comprise 

a thermometer having an element responsive 
to the temperature within a gaseous space 
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(the condenser) and designed to record such 
temperature in terms of that pressure which 
a particular vapor, such as steam known to be 
within said space, should have at said tem 
perature; and a pressure-responsive element 
designed to record the actual total pressure 
within the space. These elements preferably 
are so related, as by specially designing either 
or both of them, that their indicators will 
be in substantial coincidence whenever the 
vapor is pure, i.e., when the total indicated 
pressure is one that actually corresponds 
with the temperature of the vapor. The in 
dicators may consist of pens, and a common 
chart may be provided upon which said pens 
may record the temperatures and pressures. 
If the lines drawn are in coincidence, the 
vapor is pure; but if the lines are spaced the 
degree of spacing represents a corresponding 
amount of foreign vapor or gas within the 
condenser. The method, then, may general 
ly be said to consist in graphically indicat 
ing the total absolute pressure of a vapor in 
selected units; and graphically indicating, 

; for purposes of quick comparison, the tem 
perature of the vapor in units correspond 
ing to that absolute pressure which the vapor, 
if pure, would have at the measured temper 
ature. 

In the exhaust connection to a condenser 
the ratio of air to the vapor (e.g., steam) is 
so small that the air has very little effect on 
the temperature, so that a thermometer in 
serted in such connection will indicate a tem 
perture that substantially corresponds to the 
existing vacuum. But as the vapor passes 
downwardly and condenses, the proportion 
of air to vapor increases rapidly, and when 
the condition is reached where there are 
equal weights of air and vapor, a thermom 
eter at this point will show a temperature, 
(corresponding to the partial pressure of va. 
por only) that may be 10 or 20 degrees lower 
than that corresponding to the total absolute 
pressure of the vapor and air. The ther 
mometer might show 79°F. corresponding to 
a vacuum of 29' and the gauge show only 
28', yet both would be correct for what they 
are designed to measure. For these reasons 
it is preferable to connect the thermometric 
element into the condenser at a point sub 
stantially spaced from the vapor inlet in or 
der that the presence of air may be clearly 
indicated on the combination instrument. 
For example, the thermometer bulb may be 
disposed within the outgoing condensate. In 

60 

65 

such instances, however, the instrument af 
fords only an indication of the presence of 
foreign gases and gives no proper indication 
that the condenser may be operating ineffi 
ciently from other causes. Hence, in the 
preferred form of my invention, the bulb is 
inserted in the discharge of the cooling me 
dium. 
Under the usual conditions of condenser 
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design, the temperature of the circulated 
cooling medium rises about 15° or 20° dur 
ing its passage through the condenser. To 
obtain economy in heating feed water and 
to lessen absorption of air, the discharged 
medium should leave at as high a tempera 
ture as will produce the desired vacuum. 
This temperature should be, for example, in 
a particular plant approximately 4 to 8° 
below that temperature which corresponds 
with the vacuum. By making proper al 
lowance for this 4 to 8 difference in tem 
peratures, the temperature responsive mech 
anism may be so designed that, with its bulb 
located in the cooling discharge, its indicator 
will record values in terms of the absolute 
pressures which should exist within the con 
densing space at temperatures 4 to 8° low 
er than those to which the bulb is actually 
subjected. It follows that, if the vapor in 
the said space is pure, the pressure and tem 
perature indicators will draw coincident 
lines on the chart. However, lack of coin 
cidence will show not only the presence of 
foreign gases, but also other causes of ineffi 
ciency such as dirty condenser, scale on tubes, 
plates carried away, insufficient circulating 
medium, inlet temperature of circulating me 
dium too high, etc. 
The foregoing and other objects will ap 

pear in the following detailed description 
and its appended claims, when studied in 
conjunction with the accompanying draw 
ing, wherein: 

Figure 1 shows, somewhat diagrammati 
cally, my invention as applied to a conven 
tional condenser, the latter being seen in 
longitudinal section with the temperature 
responsive element connected into the out 
going condensate. 

Figure 2 is a modified fragmentary view 
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showing a portion of the condenser of Fig 
ure 1 with the temperature responsive ele 
ment projecting into the discharged cooling 
medium. 

Figure 3 is a face view of the efficiency in 
dicator or recorder, showing the pressure and 
temperature responsive instruments, com 
bined for producing chart readings. 

Figure 4 is a face view of a portion of a 
chart that has been taken from the recorder 
of Figure 3 after several hours service there 
O. 

With continued reference to the drawing, 
wherein like numerals are employed to des 
ignate corresponding parts, and with partic 
ular reference for the moment to Figure 1: 
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The letter C designates generally a con 
plete condenser of any conventional type, 
comprising a body 5 forming a condensing 
chamber with the headers 6 and 7 at its ends. 
The headers are sealed from the chamber by 
vertical plates 8 between which are intercon 
nected a plurality of pipes 9. The header 7 
has an inlet opening 10 for a cooling medium 30 
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such as cold water, and a division plate 12 is 
provided for causing the inlet water to pass 
through a number of the lower pipes 9 into 
the header 6 from which it is passed into the 

5 upper or discharge end of the header 7 by 
way of a number of the upper pipes 9. An 
outlet opening 13 is provided at the upper 
end of the header 7 to discharge the cooling 
water. 
The vapor (e. g., ammonia) to be con 

densed is led through an inlet opening 14, 
against a baffle 15 in the condensing cham 
ber, to be deflected into contact with the 
cooled pipes 9. The resulting condensate is 
carried off through an outlet 16. When the 
condenser and its auxiliary equipment is op 
erating efficiently, the temperature of this 
outgoing condensate will afford an indica 
tion of the temperature of the vapors being 
condensed. By taking this temperature, 
then, and simultaneously obtaining the 
pressure (vacuum) within the condensing 
space, one can, by calculation and by refer 
ence to the ammonia tables, determine 
whether there is an excessive amount of for 
eign gas (air) in the condenser. It is prac 
tically impossible to exclude all air, but the 
plant attendant should be informed at all 
times whether or not the air is present in ex 

0 cess and thus causing costly inefficiency. 
The present invention contemplates the ad 

dition of an automatic indicating system, re 
sponsive to the temperature and pressure just 
mentioned and from which readings may be 
obtained at a glance, for supplying the plant 
attendant with the necessary information. 
The indications preferably, but not neces 
sarily are permanently recorded on a clock 
controlled chart to show the performance of 

0 the plant throughout a long period of time. 
- SE automatic system comprises a recorder 
R connected to the condenser by lines 17 and 

6 

6 

18. The line 17 comprises a pipe terminat 
ing at one end in a bulb 19 which projects into 

5 the condenser outlet 16, and connecting at its 
other end with a steel tube. 20. The latter 
(see Figure 3) projects into the casing 22 of 
the recorder, is fastened therein by a clip 23, 
and then is wound into the form of a hollow 

0 spiral spring 24 closed at its end by a cap 25. 
The tube and its spring, the pipe 17 and the 
bulb 19 are filled with a fluid such, for ex 
ample, as mercury, so that in response to tem 
perature variations in the condensate the 

3 spring 24 will coil or uncoil slightly to move 
the cap 25. Movement of the latter is trans 
mitted to an indicating and recording pen 26 
by way of a pair of links 27 and 28that are 
pivotally interconnected at 29. The ink 27 

O is connected to the pen and designed to swing 
there with about a stationary pivot 30. The 
link 28 is pivoted, as at 32, upon the cap 25. 
The recorder has a clock-controlled pin 33 

upon which a chart 34 may be mounted for 
3 recordation of the temperatures throughout 

3 

a 24 hour period. For clarity of illustration 
the chart is removed in Figures 1, 2 and 3, 
and shown separately in enlarged detail in 
Figure 4. It will be observed that the above 
described portion of the indicating system 
might be so designed as to record the tempera 
ture of the condensate in terms of absolute 
pressure corresponding to such temperature, 
and that the pressure thus recorded would be 
correct if the ammonia vapor were pure. 
However, there might be considerable air 
present and, since the thermometer would not 
indicate its presence, I combine a pressure 
gauge with the thermometer in the following 
manner. 
The line 18 comprises a pipe having one 

end opening into the condensing chamber 
and its other end connected with a steel tube 
35. The tube is firmly held upon the recorder 
casing by a lug 36 and adjacent said lug it is 
bent into a hollow spring 37 of Bourdon tube 
form. The spring is closed by a cap 38 which, 
in response to pressure variations, transmits 
the spring flexure to a pen 39 by way of a 
specially designed linkage. The latter com. 
presses a link 40 pivoted on the cap 38; a bell 
crank 42 pivoted at 43 upon the casing; a . 
link 44 pivotally interconnecting the link 40 
and one arm of the bell crank; an arm 45 
secured to the pen for oscillation therewith 
about the fixed pivot 30; and a link46pivotal 
ly interconnecting said arm 45 and the other 
arm of the bell crank. 
The above described pressure links and 

arms are so proportioned and related that 
the recordations made by the pen 39 will bear 
a predetermined relationship to the corre 
sponding temperature values. As may be 
seen by reference to the saturated ammonia 
tables, the temperature varies uniformly and 
takes a straight line when plotted, whereas 
the corresponding pressures vary non-uni 
formly to take a curved line. The described 
linkage is so designed as to record pressure 
in the same straight line relation that the tem 
perature values are indicated. It should of 
course be understood that the desire? relation 
ship may be produced by specially designing 
either the temperature or pressure linkages, 
or both; and that the chart 34 must be prop 
erly marked to correspond with the linkage 
designs. 
The linkage relationship is such that when 

the vapor in the condenser is pure the two 
pens will draw substantially coincident lines 
on the chart. This is because the total pres 
sure in the condensing space is that of the 
vapor, which pressure corresponds with the 
indicated temperature. However, the pres 
ence of a foreign gas will affect the pressure 
indication, but not the temperature reading, 
and hence the pen points will separate to 
draw non-coincident lines when air is pres 
ent. The degree of separation will show, at 
a glance, the amount of foreign gas present, 
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The particular chart illustrated in Figure 
4 is designed for use with the modification 
of Figure 2, but serves to show in general 
a type of chart that may be used in all cases. 
It has temperature and pressure scales placed 
thereon, and the hours of day and night in 
dicated. The lines 47 and 48 have been 
drawn thereon in two different colors by the 
pens 26 and 39 during actual operation of the 
apparatus of Figure 2. It should be under 
stood that this chart might be dispensed with 
and the pair of pens replaced by a pair of 
pointers to give instantaneous readings. It 
further should be noted that any other fac 
tor than coincidence might be used to indi 
cate 100% efficiency, so long as the factor 
satisfies the condition that the mechanical 
calculations may be quickly and easily read. 
With reference now to Figure 2, there is 

illustrated another embodiment where the 
only modification consists in placing the 
thermometer bulb 19’ in the discharged cool 
ing medium, and in redesigning the recorder 
R. so that its linkage will produce coin 
cidence of the pen points (at such times as 
the vapor is pure) in spite of the changed 
situs of the bulb. Under the usual condi 
tions of condenser design, the temperature of 
the discharge passing out through the open 
ing 13 should be about 4 to 8° below the tem 
perature corresponding to the vacuum exist 
ing in the condenser. Using 4 for example, 
this 4 difference may be compensated for b 
forming the chart (see Figure 4) in suc 
manner that each temperature value, which 
corresponds with a definite existing pressure, 
is marked 4° lower than that temperature 
value which would be found by reference to 
the Saturated vapor tables; and so designing 
the recorder linkages that coincidence of the 
pens will result when no air is present. The 
compensation might also be obtained without 
alteration of the values given in the vapor 
tables, merely by designing the thermometer 
so that it will indicate those values which it 
would have if the bulb were inserted as in 
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Figure 1 and if the 4° difference were proper 
ly maintained. M 
The arrangement of Figure 2 is preferred 

over that of Figure 1, for the reason that the 
recorder of the former is dependent not only 
upon the presence of foreign gas in the con 
denser, but also upon all other conditions 
which might affect the temperature of the 
discharged cooling medium. For example, 
such other conditions may consist of Scally 
tubes 9, dirt in the condenser, baffle 15 or 
division plate 12 carried away, insufficiency 
of cooling medium, or cooling medium in 
jected at too high a temperature. 
As previously stated, my invention is ap 

plicable to many other systems, where fluids 
35 

are utilized under pressures and tempera 
tures that may vary, for the purpose of in 
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dicating inefficiency or undesirable condi 
tions. 
Where, in my specification and claims, I 

refer to any particular fluid as a “gas', I 
wish it to be understood that this term may be 
synonomous with “vapor', and vice versa. 
Likewise, the term “pressure' is intended to 
include low and negative pressure (vacuum). 
The invention may be embodied in other 

specific forms without departing from the 
R or essential characteristics thereof. 
he present embodiments are therefore to be 

considered in all respects as illustrative and 
not restrictive, the scope of the invention be 
ing indicated by the appended claims rather 
than by the foregoing description, and all 
changes which come within the meaning and 
range of equivalency of the claims are there 
fore intended to be embraced therein. 
What is claimed and desired to be secured 

by United States Letters Patent is:- 
1. A method for determining the extent, 

if any, to which foreign gas is present in a 
volume of vapor, consisting in simultane 
Ously and automatically recording the tem 
perature and presure of the volume in selected 
units so related that the recordation reveals 
at a glance the presence and amount of any 
foreign gas in the vapor. 

2. A method for locating causes of ineffi 
ciency in a pressure fluid apparatus, consist 
ing in graphically indicating the total pres 
sure of the fluid in selected units; and graph 
ically indicating for purposes of quick and 
easy comparison, the temperature of the fluid 
in units corresponding to that pressure which 
the fluid, if pure, would have at the measured 
temperature. 

3. A method for ascertaining the cause of 
any inefficiency of a vapor condensing sys 
tem through which a cooling medium is cir 
culated, said method consisting in mechan 
ically indicating the pressure and temper 
ature of the vapor in selected units so related 
that the indications reveal at a glance 
whether or not the temperature and pressure 
bear a predetermined relationship necessary 

efficient operation of the condensing sys 
e. 

4. In the method defined in claim 3, said indicated vapor temperature being obtained 
from the discharged coling medium by com 
pensating for the normal temperature differ 
ence between said vapor and said discharged 
cooling medium. 

5. In the method of claim 3, said indicated 
vapor temperature being obtained from the 
condensate formed in the condensing system. 

6. A combination recording instrument 
for determining the presence or absence of 
foreign gas in a vapor, said instrument com 
prising a gauge designed to respond to the 
total vapor pressure and a device designed to 
respond to variations in the vapor tempera 
ture, and a chart associated with said gauge 
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and said device; said gauge and said device 
each having a marker and being designed to 
move said markers upon said chart E. 
corresponding unit values upon variation of 
pressure or temperature, whereby the marker 
positions may be utilized for determining, 
merely by inspection of the chart, the amount of foreign gas present in the vapor at any 
given time. 

7. An instrument comprising a thermom 
eter having an element responsive to tem 
perature within a gaseous space and designed 
to record such temperature in terms of that 
pressure which a particular vapor, known to 
be within said space, should have at said 
temperature; and a pressure-responsive de 
vice designed to record the actual total pres 
sure within said space. 
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8. In combination with a condensing sys 
tem having a vapor condensing chamber, a 
pressure-responsive device subjected to the 
total pressure existing within said space, and 
a thermometric device disposed for response 
to variations in temperature of the vapor be 
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ing condensed, said device being designed to 
indicate in related terms which may be 
quickly compared to determine the operating 
efficiency of the system. 

9. In the combination defined in claim 8, 70 

said devices being designed to indicate on a 
common scale and to show any discrepancies 
between each indicated pressure value and 
that value which the vapor, if pure, should 
have at the indicated temperature. 

10. In the combination defined in claim 8, 
75 

said thermometric device being subjected to . 
the temperature of the discharged cooling 
medium of the condenser system. 

11. In the combination defined in claim 8, 
said thermometric device having an element 
responsive to the temperature of the cooling 
medium discharged from the system, and 
said devices being designed to compensate for 
the temperature difference between said vapor 
and said discharged cooling medium. 

In testimony whereof I affix my signature. 
ROLAND G. REYNOLDSON. 
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