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UNITED STATES PATENT OFFICE 
2,468,768 

MEANS TO INDICATE THE PRESENCE OF 
WAPOR, N FLUID CONDUT SYSTEMS 

Emil A. Malick, United States Navy 
Application March 23, 1945, Serial No. 584,481 

8 Claims. (C. 177-311) 
(Granted under the act of March 3, 1883, as 

amended April 30, 1928; 370 O. G. 75) 

This invention relates to an improved method 
for detecting the existence of the formation of 
vapor in fluid conduit systems and an improved 
indicator for accomplishing the same. 

. . .In order to simplify the specification and claims 
... which are to follow, the broad term "vapor' shall 
be used generally hereinafter to indicate any 
compressible fluid such as gas, air, or any other 
substance having a density lower than that of 
the incompressible liquid in a fluid conduit Sys 
tem. 
The efficiency of operation of all fluid conduit 

systems and particularly those Systems adapted 
for metering fluid for an internal combustion 
engine, depends to a significant extent upon 
the condition of the fluid within the said system, 
e.g., whether or not the fluids are in compara 
tively liquid state as opposed to a combined liquid 
and vapor state. It is well known that existing 
fluid conduit systems do not function as efficiently 
nor as accurately when a combined liquid-vapor 
condition exists within the system. In less actual 
instances of operations, it has been demonstrated 
that the depreciation in performance of an in 
ternal combustion engine due to the presence 
of vapors often causes partial or complete failure 
of engine operation. In an effort to provide, 
in the fluid conduit system, some means for prer 
vention of failure of various parts of the System, 
due to these causes, which means would in turn 
reflect favorably upon the operation of the System, 
common practice includes certain auxiliary, 
booster, or emergency pumps, or other known de 
vices, which are intended to reduce or eliminate 
the formation of vapors. For a number of rea 
sons, it is undesirable to operate these pumps 
or other devices continuously. Accordingly, the 
common practice is to operate or begin the op 
eration of these devices manually, only after the 
presence of vapor in the system is detected by 
the operator, based upon the functioning of 
the engine. Such a procedure is undesirable in 
asmuch as it requires a conscious effort on the 
part of the operator and because the outward 
indication of the vapor function-its effect on 
the system-is often times difficult to diagnose 
(requiring an extensive knowledge of the par 
ticular system), and also because it is undesirable 
to permit the vapor formation to develop to the 
extent where actual mal-functioning is experi 
enced, especially in the case of an internal com 
bustion engine for an aircraft. 
An object of this invention is to provide an 

improved indicator for the detection of the par 
tial formation of vapor in fluid conduit Systems. 
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A further object of this invention is to provide 

a method for the detection of the partial forma 
tion of vapor in fiuid conduit systems. 
Other objects and advantages of this inven 

tion will become apparent as the discussion pro 
ceeds and is considered in connection with the 
claims and accompanying drawings wherein like 
characters of reference designate like parts in 
the several views and wherein: 

Fig. I is a cross sectional view of the device 
embodying this invention, 

Fig. II shows a cross sectional view of a modi 
fication embodied in this invention. 

Fig. III shows a cross sectional view of a 
further modification embodied in this invention. 

Referring now to the drawings, wherein for 
the purpose of illustration, is shown, an embodi 
ment of this invention, numeral 1 of Fig. I desig 
nates a casing or housing having a covering 2 
affixed to the top of the housing in any suitable 
manner. A fluid inlet passage 3 is provided 
in the bottom or base and a fluid outlet passage 
4 in the top of said housing, as shown. Orifices 
5 and 6 of suitable size are provided in the said 
fluid passages 3 and 4. Communicating with 
the inlet passage 3, and affixed thereto in any 
suitable manner, such as by a thread joint, is a 
Conduit adapted to allow passage of fluid or 
fluid and vapor from a main conduit line (not 
shown), carrying fluid under pressure, to the in 
let 3. It is to be noted that the housing is 
placed above the main conduit. 
Within the said casing of the modification 

shown by Fig. I are four expansion chambers 
9, to, ff, and 2 separated by three diaphragms 
3, 4, and 5, as shown, rigidly affixed at their 

outer circumference to the casing 2, as by weld 
ing or in any other suitable manner. 
Communication between chambers 9 and to 

is provided by a plurality of passages 6 having 
an orifice T in each of the said passages. A 
baffle f8 is provided, as shown, within the cham 
ber 9 over the opening of the inlet 3 to deflect 
the flow of fluid away from the passages 6 
nearest the said inlet 3. 
A shaft 9 is mounted on the three diaphragms 

3, 4, and 5, and carries on its lower extremity 
in the chamber 2, a suitable electrically respon 
sive U-shaped element 20 having a contact point 
2 on the inside of the U, as shown, grounded to 
the body of the housing adapted to close a circuit 
by contact with an electrical contact point 22 
supported by an insulated arm 23, when the shaft 
9 is moved upward. Leads 24 and 25 are con 
nected to the housing f and the arm 23, respec 
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tively, and operate a suitable electronic signal 
or control which may take the form of a simple 
battery circuit comprising, as shown, the leads 
24-25, a battery 42, a lamp 44 and a Solenoid 
coil 48 which is adapted to operate a valve or an 
electrical switch shown diagrammatically at 46. 
Suitable insulating material 26 is provided, as 
shown, between the portion of the U-shaped ele 
ment 20 and the arm 23 to prevent closing of the 
electrical contact when the shaft 9 is moved 
downward. 
The upper extremity of the shaft f 9 carries a 

biased spring 27 in the expansion chamber if, 
adapted to counteract the differential pressure 
existing across the diaphragm 4 during the flow 
of fluid from the chamber 9 to the chamber 0, 
and to provide a positive assurance of separation 
of contact points 2 and 22 during non-opera 
tion. An adjustable tension screw 28 threadedly 
engages cover 8 and bears on spring 27 to give 
control of the compression on said Spring. Ports 
29 are provided in the chambers f and 2 to 
permit breathing of the chambers. 
In the modification of this invention shown in 

Fig. I the function is the same as that shown 
in Fig. I, and the structure differs only in that 
the expansion chamber f2 and diaphragm 3 are 
omitted and the electrical contacts 2 and 22 are 
modified and located within the spring 27 in the 
expansion chamber . The contact point 2 is 
grounded to the housing 2 and a suitable insula 
tion 30 is provided to separate the contact point 
22 from the grounding effect of the housing 2. A 
wire or open bridge 3 is provided over the inlet 
passage 3 to limit the downward movement of the 
shaft 9 and still permit the unrestricted pas 
sage of fluid and vapor into the chamber 9. 

in the Imodification of this invention shown in 
Fig. III the function is the same as the modifica 
tion shown in Fig. II and the structure differs 
only from that modification in that the expansion 
chamber and diaphragm 5 are omitted. The 
spring 2 is located in the chamber f) and is rig 
idly effixed to the diaphragm is. The shaft 9 
is affixed to the spring 27 and the diaphragm 4 
by any suitable means, as shown. The adjusting 
screw 23 is provided with an opening 32 adapted 
to slidably receive, under pressure seal, a plunger 
33. The lower end of the said plunger 33 is rig 
idly affixed to the shaft 9 in any suitable man 
ner. A contact point 2 is provided at the upper 
end of the plunger 33 and is grounded to the 
housing 2 through the said plunger. A housing 
34 carrying a second contact point 22, suitably 
insulated, is provided to protect the contact points 
from dirt, etc. The circuits in modifications 
shown in Figs. II and III as in the modification 
shown in Fig. I are closed by grounding the insu 
lated contact 22 against the grounded contact 2. 

During normal operation in the presence of 
fluid flow in the main conduit, there will be a 
certain amount of fluid flow into the inlet pas 
sage 3 and thence through the chamber 9 into 
the chamber 10 and into the outlet 6. Inasmuch 
as the flow into the chamber 0 from chamber 
9 is controlled by orifices , a slight pressure dif 
ferential will normally exist across the diaphragm. 
4 which is compensated for by the spring 21. 
Transient variations in the fluid pressure in the 
main conduit will have an inappreciable effect on 
the pressure in the chamber 9 due to the dampen 
ing effect of the orifice 5, and accordingly the 
differential pressure across the diaphragm 4 will 
not be markedly affected, since this is also to a 
large extent a. function of the Orifice 6. 
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4. 
It is a known hydraulic phenomenon that for 

a given pressure the volume rate of flow of a 
liquid through an orifice is considerably less than 
that of a gas. The exact magnitude of the dif 
ferences in rate of flow for any given liquid and 
gas is a function of the size of the orifice and 
the pressure differential existing across it. Also, 
it is known that the critical velocity of flow 
through a given orifice is considerably lower for. 
a liquid than for a gas. The relative sensitivity 
of the indicator can be increased or decreased by 
altering the ratio of the size of orifices 5 and 
to orifice 6. For example by proper selection of 
the orifice 6, normal flow of liquid through said 
orifice 6, for the average pressure differential 
existing across it, can be made to flow, if desired, 
at or near a critical velocity condition. Inasmuch 
as the greatest pressure differential will at all 
times exist across orifice 6, it can be made to be 
the only restriction which is flowing in the critical 
region. 
Now, at the time vapor begins to form in the 

main conduit, it will be carried past the juncture 
of conduits 7 and the main conduit. Due to the 
form of this juncture, (not shown) and due to 
the fact that the vapor of lower density than the 
fluid, will lie above the fluid, and due to the fact 
that the indicator housing f is located above the 
level of the conduits 7 and main conduit vapor, 
(under the same pressure as the liquid will be 
carried up into the inlet passage 3 and thence 
into the expansible chambers 9 and 0. Inas 
much as the vapor in passing through the orifice 
5 will be flowing into the chamber 9 which is a 
lower pressure than existing in the conduit T, 
it will effect neither the volume nor the pres 
sure of the chamber 9. Inasmuch as the orifice 
6 permits the passage of fluid at or near a critical 
velocity and is the main control of flow through 
the indicator, the drop in pressure across ori 
fices it can be made small. As vapor passes 
through the said orifices , however, the vol 
une-rate of flow will increase somewhat and 
produce a momentary slight decrease in the vol 
ume of fluid in chamber 9, which in turn will af 
fect the differential across diaphragm 4 and 
thereby create a downward movement of the 
shaft 9; however this is not the effect which 
determines the operation of the indicator as en 
bodied in this invention but if present will not 
create an undesirable closing of the electrical 
circuit because the downward action on the di 
aphragm will be absorbed by the insulation 26. 
As vapor'passes through the orifice 6, however, 

there will exist a very marked increase in rate 
of volume flow through that Orifice due to the 
fact that the differential across this orifice is 
high. This will result in an immediate pro 
nounced reduction of pressure in the expansive 
chamber fo only, due to the reduction in volume 
of fluid in this chamber. Under the set of cir 
cumstances which will then exist, when the first 
flow of vapor takes place through the orifice 6, 
i. e. when all but a small portion of the fluid con 
tained in the chamber O consists of a relatively 
incompressible fluid, the release of vapor through 
the orifice 6 will cause the pressure in chamber 
10 to reach a value nearly that of the pressure 
in conduit 4. The result will be a pressure in 
chamber O considerably less than that in cham 
ber 9 forcing the diaphragm and consequently 
the shaft 9 upward thereby closing the con 
tacts 2 and 22. 
With closure of the contact points, the elec 

trical circuit can be made to start the operation 
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of those known devices in the fuel and/or fuel 
metering system which are included to alleviate 
the formation of vapor and which do not Oper 
ate continuously, or such other devices whose 
continuous operating characteristics differ from 
the characteristics desired during the presence 
of vapor. 

It is to be understood that the form of this 
invention, herewith shown and described, is to 
be taken as a preferred example of the same, and 
that various changes in the shape, size, and ar 
rangement of the parts may be resorted to with 
out departing from the spirit of this invention 
or the scope of the subjoined claims. 
The invention described herein may be man 

ufactured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
What claim is: 
1. A device for sensing vapor in a liquid con 

prising a pair of expansion chambers in a hous 
ing adapted to receive fluid under pressure, con 
duit means interconnecting Said chambers 
adapted to direct Successive fluid flow there 
through, discharge Orifice means in the second 
of said chambers adapted to effect a change of 
pressure in that chamber with respect to pres 
Sure in the other chamber when entrained va 
por in the fluid flows through the sensing de 
vice, and sensing means responsive to any change 
of pressure due to entrained vapor. 

2. In a device for sensing vapor in a liquid 
the combination comprising a pair of chambers 
adapted to receive the fluid under pressure, con 
duit means interconnecting said chambers to di 
rect successive fluid flow therethrough, dis 
charge orifice means adapted to effect a change 
of pressure in the second of said chambers with 
respect to the pressure in the first chamber when 
entrained vapor in the liquid flows through the 
device, diaphragm means positioned between the 
chambers responsive to said change, and a sens 
ing device responsive to said diaphragm. 

3. A device for sensing vapor in a liquid com 
prising the combination of a pair of chambers 
in a housing adapted to receive the fluid under 
pressure, a movable partition wall common to 
both chambers, conduit means interconnecting 
said chambers adapted to direct successive fluid 
flow therethrough and discharge conduit. means 
including an orifice communicating with the sec 
ond chamber and effective to create a differen 
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tial pressure between the second and first cham 
bers when the fluid mixture of vapor and liquid 
flows through the device, said partition wall being 
movable in response to said differential pres 
Sure, and sensing means actuated by said wall. 

4. A device as set forth in claim 3, wherein 
the movable partition wall is constructed in the 
form of a diaphragm. 

5. A device as set forth in claim 3 wherein the 
conduit means interconnecting the chambers 
comprises a series of parallel conduits provided 
with orifices of predetermined metering char acteristics. 

6. A device for indicating the presence of a 
mixture of vapor and liquid in a fluid conduit 
comprising a housing connected to said conduit 
for fluid flow therefron, a pair of chambers in 
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said housing adapted to receive the fluid under 
pressure in sequential flow, a flexible diaphragm 
forming a common wall between said chambers, 
conduit means provided with restrictive orifices 
interposed between the two chambers adapted 
to create a pressure differential therebetween 
when the fluid is in motion, an inlet passage in 
said housing connected to one of the chambers, 
a discharge passage provided with a restrictive 
orifice connected to the other chamber adapted 
to discharge liquid at or near its critical velocity 
and to thereby create a greater pressure differ 
ential between said chambers when a mixture 
of vapor and liquid passes through said last 
named orifice and means responsive to the move 
ment of the diaphragm under said greater pres 
sure differential adapted to indicate the presence 
of Said mixture. 

7. A device for indicating the presence of a 
mixture of vapor and liquid in a fluid conduit 
comprising a housing connected to said conduit 
for fluid flow therefrom, a pair of chambers 
positioned in said housing adapted to receive 
liquid under pressure, a flexible diaphragm form 
ing a common wall between the two chambers, 
conduit means provided with restrictive orifices 
connecting said chambers for successive fluid 
flow therebetween, said conduit means adapted 
to create a differential pressure between said 
chambers across said diaphragm, the pressure in 
the said second chamber being less than that in 
the first chamber to thus actuate said diaphragm 
away from neutral position, resilient means post 
tioned in said housing adapted to counteract the 
differential pressure to return the diaphragm 
to neutral position, means to limit the movement 
of the diaphragm when the differential pressure 
decreases, an illet passage to the first chamber, 
an outlet passage from the second chamber 
adapted to pass liquid substantially at the critical 
velocity thereof and to pass vapor below the 
critical velocity thereof whereby the pressure 
differential between the two chambers is in 
creased when vapor alone flows through said last 
named orifice and means actuated by the dia 
phragm under the last named condition to indi 
cate the presence of the vapor. 

8. A device for sensing the presence of vapor 
in a liquid system, comprising a casing defining 
a pair of chambers and a communicating passage 
for liquid under pressure, said chambers having 
a common yieldable partition, an inlet orifice for 
one of said chambers, an outlet orifice for the 
other of said chambers calibrated at approxi 
mately the critical velocity of said liquid, where 
by the relative pressure in said chambers varies 
upon the flow of vapor through said outlet ori 
fice, and sensing means responsive to pressure 
differentials between said chambers when there 
is vapor in the liquid system. 

M. A. MACR, 
REFERENCES CTO 

The following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Number Name Date 

492,710 Carpenter---------- Feb. 28, 1893 
2,334.220 Samiran ----------- Nov. 16, 1943 


