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A gas ?oW sensor system, and method for gas ?oW rate 
measurement and self-calibration to overcome problems 
caused by degradation. Gas ?oW rate is accurately measured 
by determining the poWer dissipated at a constant differen 
tial temperature of a gas ?oW sensor, under conditions Where 
its poWer dissipation is independent of its resistance. The gas 
?oW sensor is adjusted to a prede?ned diiferential tempera 
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applied to the gas ?oW sensor, to compensate for changes in 
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gas ?oW sensor. This offsets the adverse effects of use and 
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GAS FLOW SENSOR SYSTEM AND METHOD OF 
SELF-CALIBRATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to gas ?oW sensors, 
or exhaust gas mass ?oW sensors using thin or thick ?lm 
resistor heaters, otherWise knoWn as hot ?lm anemometers. 
More particularly, the invention relates a gas mass ?oW 
sensor system and the self-calibration of gas mass ?oW 
sensors. 

[0003] 2. Description of the Related Art 

[0004] Various applications require measurement of the 
mass ?oW rate of a gas or a mixture of gases at ambient or 
elevated temperatures. In particular, automotive applications 
measure exhaust gas mass ?oW rates or fresh air mass ?oW 

rates, for example in engine control. 

[0005] Hot ?lm anemometers are often used in gas ?oW 
measurement equipment, Wherein they are suitably pack 
aged Within a protective housing, and placed in a gas exhaust 
pipe, or the like, Within the gas ?oW path a de?nite direction, 
typically either parallel or perpendicular or at any angle to 
the gas ?oW. Previously, gas ?oW rates have been deter 
mined by ?rst measuring an anemometer’s resistance, then 
estimating its temperature from the resistance, and measur 
ing its voltage or current to calculate velocity or average 
mass ?oW rate of the gas. HoWever, certain problems arise 
When measuring the mass ?oW rate of hot exhaust gas Whose 
temperature and density varies With engine performance and 
other operating conditions. Speci?cally, since exhaust gas 
temperatures vary over different operating ranges, error may 
be introduced into the gas ?oW rate measurement. 

[0006] A variety of problems exist With conventional gas 
?oW rate measurement techniques. For example, anemom 
eters have been knoWn to degrade in the exhaust gas 
environment over time, due to thermal cycling and soiling 
by dust transported by the exhaust gas. Because of this 
degradation, the heat transfer coef?cient of the anemometer 
varies over time and introduces error into the gas mass ?oW 
rate measurement. Also, since an anemometer is present in 
a harsh and elevated temperature environment, electronic 
components attached thereto are placed outside this harsh 
environment and are connected to the anemometer via 
connection cables or the like. Variations in resistance of the 
anemometer and the connecting cables, especially during 
equipment changes, introduce error into gas ?oW rate mea 
surements. That is, the anemometer and any connected 
electronics are not interdependent. Furthermore, mounting 
and orientation of the anemometer, ie in parallel to or in 
perpendicular or in any other ?xed angle to gas How, may 
also introduce error if it is not mounted in a gas tight, leak 
proof manner in its harsh, high temperature and high pres 
sure environment. Another problem is that since the exhaust 
gas may comprise a mixture of different gases such as CO, 
CO2, oxides of nitrogen (NOX), HC, carbon soot, particu 
lates, Water, oxides of sulfur (SOX), and the like, and have 
concentrations Which vary by engine type, engine perfor 
mance, fuel quality and operating conditions, the density of 
the exhaust gas varies and may cause errors in the gas mass 
?oW rate measurement. Furthermore, errors in gas mass ?oW 
rate measurement may occur due to variation in diameter of 
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exhaust gas pipes or manifolds and the location of the 
anemometer in the exhaust gas pipe. 

[0007] The present invention provides a gas mass ?oW 
sensor system and a self-calibration method to overcome the 
problems of conventional sensors, particularly those caused 
by degradation due to long term use in harsh, corrosive, high 
temperature, high pressure, varying gas density exhaust gas 
environments. 

[0008] It has been found that accurate calculation of gas 
?oW rate can be achieved by determining the poWer dissi 
pated in a gas ?oW sensor, rather than its voltage or current. 
This is because, under certain conditions, poWer dissipated 
in the gas ?oW sensor may be independent of the gas ?oW 
sensor’s resistance, as Well as the resistance of any cables or 
connections betWeen the gas ?oW sensor and other compo 
nents of a gas ?oW sensor system. 

[0009] Also, poWer dissipated by the gas ?oW sensor 
varies With gas ?oW rate and gas temperature. Thus, When 
the gas ?oW sensor is maintained at a prede?ned differential 
temperature, as compared to the temperature of the gas or 
other medium, the poWer dissipated by the gas ?oW sensor 
is proportional to the gas ?oW rate. Thus, to reduce error in 
gas ?oW rate measurement, the present invention uses this 
method to determine poWer use or poWer dissipated by of the 
gas ?oW sensor, independently of its resistance. 

[0010] Additionally, degradation of a gas ?oW sensor 
causes changes in heat transfer coef?cient (h) of the sensor 
over time, resulting in changes in poWer dissipation of the 
gas ?oW sensor. The gas ?oW sensor system of this invention 
applies experimentally established correction factors to the 
gas ?oW sensor, to compensate for changes in the heat 
transfer coefficient (h) caused by degradation. This self 
calibration offsets the adverse effects of use, aging, and the 
like of the gas ?oW sensor, thus reducing errors in gas ?oW 
measurement. 

SUMMARY OF THE INVENTION 

[0011] The invention provides a gas ?oW sensor system 
Which comprises: 

a) a sensor interface/control module; 

b) a temperature sensor for measuring the temperature of a 
gas, electrically connected to the sensor interface/control 
module; and 

c) a gas ?oW sensor, electrically connected to the sensor 
interface/control module; 

[0012] the sensor interface/control module comprising a 
microcontroller for monitoring the temperature of a gas as 
measured by the temperature sensor, and for adjusting the 
temperature of the gas ?oW sensor to a prede?ned differen 
tial temperature compared to the temperature of gas as 
measured by the temperature sensor. 

[0013] The invention further provides a method for deter 
mining gas mass ?oW rate through a gas passageWay, 
comprising: 
i) providing a gas ?oW sensor system Which comprises: 

[0014] 
[0015] b) a temperature sensor for measuring the tem 

perature of a gas, electrically connected to the sensor 
interface/control module; and 

a) a sensor interface/control module; 
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[0016] c) a gas ?oW sensor, electrically connected to the 
sensor interface/control module; 

[0017] the sensor interface/control module comprising a 
microcontroller for monitoring the temperature of a gas 
as measured by the temperature sensor, and for adjust 
ing the temperature of the gas ?oW sensor to a pre 
de?ned differential temperature compared to the tem 
perature of gas as measured by the temperature sensor; 

ii) measuring the temperature of a gas ?oWing through a 
gas passageWay by means of the temperature sensor; 

iii) monitoring the temperature of gas as measured by the 
temperature sensor, via the microcontroller of the sen 
sor interface/control module; and 

iv) adjusting the temperature of the gas ?oW sensor to a 
prede?ned dilTerential temperature compared to the 
temperature of gas as measured by the temperature 
sensor via the microcontroller of the sensor interface/ 
control module. 

[0018] The invention still further provides a method for 
self-calibration of a gas ?oW sensor system Which com 
prises: 
i) providing a gas ?oW sensor system Which comprises: 

[0019] a) a sensor interface/control module; 

[0020] b) a temperature sensor for measuring the tem 
perature of a gas, electrically connected to the sensor 
interface/control module; and 

[0021] c) a gas ?oW sensor having a heat transfer 
coef?cient having an initial value, electrically con 
nected to the sensor interface/control module; 

[0022] the sensor interface/control module comprising a 
microcontroller for monitoring the temperature of a gas 
as measured by the temperature sensor, and for adjust 
ing the temperature of the gas ?oW sensor to a pre 
de?ned differential temperature compared to the tem 
perature of gas as measured by the temperature sensor; 

ii) measuring the temperature of a gas ?oWing through a 
gas passageWay by means of the temperature sensor; 

iii) monitoring the temperature of gas as measured by the 
temperature sensor, via the microcontroller of the sen 
sor interface/control module; 

iv) adjusting the temperature of the gas ?oW sensor to a 
prede?ned dilTerential temperature compared to the 
temperature of gas as measured by the temperature 
sensor via the microcontroller of the sensor interface/ 

control module; 

v) determining the poWer dissipated by the gas ?oW 
sensor under conditions Where gas is ?oWing through a 
gas passageWay, With the sensor interface/control mod 

ule; 

vi) determining the poWer dissipated by the gas ?oW 
sensor under conditions Where no gas ?oWs through the 
gas passageWay, using the sensor interface/control 
module; 

vii) calculating any di?ference betWeen poWer dissipated 
by the gas ?oW sensor in steps (v) and (vi); and 
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viii) adjusting the value of the heat transfer coef?cient of 
the gas ?oW sensor With the sensor interface/control 
module until poWer dissipation of the gas ?oW sensor 
is substantially equal under conditions Wherein gas is 
?oWing through the gas passageWay, and under condi 
tions Wherein no gas ?oWs through the gas passageWay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shoWs a block schematic ofa gas mass ?oW 
sensor system of the invention. 

[0024] FIG. 2 shoWs a graphic representation of measured 
gas mass ?oW rate verses poWer use of a gas ?oW sensor, as 
a function of sensor degradation. 

[0025] FIG. 3 shoWs a graphic representation of a mea 
sured relationship betWeen heat transfer coef?cient con 
stants at Zero How and actual How. 

[0026] FIG. 4 shoWs a perspective vieW of examples of 
mounting device components. 

[0027] FIG. 5(a) shoWs a schematic representation of 
thermal paths through a gas ?oW sensor. 

[0028] FIG. 5(b) shoWs a circuit equivalent of the thermal 
paths shoWn in FIG. 5 (a). 

[0029] FIG. 6 shoWs side cut-aWay vieW of a gas ?oW 
sensor of the invention having WindoWs on opposing sides 
of its protective housing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0030] The invention provides a gas ?oW sensor system 1 
shoWn in a ?rst con?guration in FIG. 1. As shoWn in FIG. 
1, the gas ?oW sensor system 1 is connected to a gas 
passageWay 10 such that the gas ?oW rate of a gas ?oWing 
through the gas passageWay may be determined. A gas 
passageWay 10 may comprise any suitable construction such 
as a tube, pipe, manifold or the like Which is capable of 
transporting a gas. 

[0031] The inventive gas ?oW sensor system 1 includes a 
sensor interface/control module 4 Which is connected to a 
temperature sensor 2 and a gas ?oW sensor 3. The sensor 
interface/control module 4 serves as an interface betWeen 

components of the system 1 and/or other optional externally 
connected components (discussed beloW), as Well as serving 
as a control center of the gas ?oW sensor system 1. The 
sensor interface/control module 4 may comprise any suitable 
control electronics as necessary for controlling the various 
sensors and components of the gas ?oW sensor system 1. 
Examples of suitable control electronics of the sensor inter 
face/control module 4 nonexclusively include data memo 
ries, data signal receivers, circuits, such as analog signal 
conditioning circuits, and ?rmWare such as in microcontrol 
lers, microprocessors, minicomputers, and the like. The 
sensor interface/control module 4 and its control electronics 
may comprise any suitable softWare or, codes necessary for 
the control and self-calibration, as described beloW, of the 
gas ?oW sensor system 1. 

[0032] An important feature of the sensor interface/control 
module 4 is its ability to adjust the temperature of the gas 
?oW sensor 3. This is preferably done via a microcontroller 
of the sensor interface/control module 4. Once a gas tem 
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perature is measured by the gas temperature sensor 2, the 
sensor interface/control module 4 is capable of processing 
temperature data relating to the gas temperature, and adjust 
ing the operating temperature of the gas ?oW sensor 3 to a 
prede?ned differential temperature compared to the gas 
temperature as measured by the temperature sensor. 

[0033] The sensor interface/control module 4 is connected 
to a poWer source. FIG. 1 shoWs an embodiment Wherein the 
sensor interface/control module 4 is connected to the supply 
voltage of a poWer source 21, for example, through terminal 
E. Supply voltages may vary by application. Suitable supply 
voltages may range from about IV to about 100V, more 
preferably from about 10 V to about 100V, and most 
preferably from about 20V to about 100 V. In one embodi 
ment the supply voltage is about 12V, in another embodi 
ment the supply voltage is about 24 V or more. The poWer 
source 21 may vary depending on the application. Examples 
of suitable poWer sources nonexclusively include DC poWer 
sources such as a battery or a regulated DC poWer supply. 
The poWer source 21 preferably regulates the sensor inter 
face/control module’s poWer, and protects the electronics of 
the sensor interface/control module 4 from reverse polarity, 
over voltage, electromagnetic interference (EMI), poWer 
surges, and the like. 

[0034] As shoWn in FIG. 1, the gas ?oW sensor system 1 
includes a temperature sensor 2 for measuring the tempera 
ture of a gas Which is usually ?oWing through a gas 
passageWay 10. The temperature sensor 2 is electrically 
connected to the sensor interface/control module 4. In one 

embodiment, a ?rst end of the temperature sensor 2 is 
connected to the sensor interface/control module 4, and a 
second end of the temperature sensor 2 is connected to gas 
passageWay 10. The temperature sensor 2 may be electri 
cally connected to the sensor interface/control module 4 by 
any conventional means such as via Wires, cables, or the 
like. In one embodiment, the temperature sensor is con 
nected to the gas passageWay 10 and/or the sensor interface/ 
control module 4 via a threaded connection, or by Welding 
or the like. 

[0035] The temperature sensor 2 may comprise any suit 
able device capable of measuring the temperature of a gas, 
particularly of a ?oWing gas. The temperature sensor 2 is 
further capable of transmitting gas temperature data to the 
sensor interface/control module 4. Various temperature sen 
sors are knoWn in the art and may be purchased commer 
cially, such as resistance temperature detectors (RTD), ther 
mistors, thermocouples, semiconductors, and the like. 

[0036] As also shoWn in FIG. 1, the gas ?oW sensor 
system 1 includes a gas ?oW sensor 3. The gas ?oW sensor 
3 is electrically connected to the sensor interface/control 
module 4. In a preferred embodiment, a ?rst end of the gas 
?oW sensor 3 is connected to the sensor interface/control 
module 4, and a second end of the gas ?oW sensor 3 is 
connected to a gas passageWay 10. The gas ?oW sensor 3 
may be electrically connected to the sensor interface/control 
module 4 by any conventional means such as via Wires, 
cables, or the like. In one embodiment, the gas ?oW sensor 
is connected to the gas passageWay 10 and/or the sensor 
interface/control module 4 via a threaded connection, or by 
Welding or the like. 

[0037] The structure and use of gas ?oW sensors, or 
anemometers, are knoWn by those skilled in the art. The gas 
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How sensor 3 of this invention preferably comprises an 
insulated substrate 23 encased Within a protective housing 
12, as shoWn in FIG. 4. Preferably, the insulated substrate 23 
is thermally isolated from the protective housing 12, via a 
thermal insulator 15 as described beloW. 

[0038] This serves to reduce error caused by thermal 
energy loss of the gas ?oW sensor 3 due to conduction and 
the like. The insulated substrate 23 preferably comprises an 
electrically and/or thermally insulated material. Suitable 
insulated materials nonexclusively include ceramic materi 
als, glass, polymers, oxides of metals, and the like, and 
combinations thereof. A preferred insulated material com 
prises alumina. The insulated substrate of the gas ?oW 
sensor 3 preferably further comprises a heater element. 
Suitable heater element materials nonexclusively include 
platinum, nickel, nickel-chrome, or other similar metal 
thick-?lm or thin-?lm resistors, Which are coated With a 
protective insulating layer such as glass or a ceramic glaZ 
ing, or the like. 

[0039] The protective housing 12 serves to encase and 
protect the insulated substrate 23 of the gas ?oW sensor 3. 
The protective housing 12 may be present in a variety of 
shapes, such as a holloW cylinder or the like, as shoWn in 
FIG. 4. The housing 12 preferably comprises metal, but may 
comprise any suitable protective material such as plastics or 
the like. Examples of suitable materials for the protective 
housing nonexclusively include aluminum, steel, such as 
stainless steels chromium steel, high-nickel steel, superal 
loys, and alloys and combinations thereof. Superalloys are 
specialty alloy materials knoWn in the art Which include a 
high nickel content and exhibit desirable properties such as 
high strength, high temperature resistance, oxidation resis 
tance, and the like. An example of a superalloy material 
includes InconelTM materials, Which are commercially avail 
able. 

[0040] As shoWn in FIG. 4, the protective housing 12 may 
further comprises at least one or more openings or WindoWs 
20. As shoWn in FIG. 6, a pair ofWindoWs 20, 20 is present 
on opposing sides of the protective housing 12. The Win 
doWs 20, 20 serve to protect the structural integrity of gas 
?oW sensor during gas ?oW, by channeling gas ?oW through 
and around the gas ?oW sensor 3, in a more stable, laminar 
?oW. As shoWn in FIG. 6, the WindoWs 20, 20 are preferably 
located at an end of the protective housing 12, but may 
optionally be located elseWhere on the protective housing. 
The WindoWs 20, 20 may be of any suitable siZe as deter 
mined by those skilled in the art. 

[0041] In another embodiment, the protective housing 12 
further comprises a mounting device 18 for securely mount 
ing the gas ?oW sensor 3 to an article such as a gas 
passageWay 10 or the like. The mounting device 18 prefer 
ably alloWs for a tight, leak-proof mounting in high tem 
perature, high pressure, corrosive environments so that the 
gas ?oW sensor’s position, When attached to a gas passage 
Way or the like, is ?xed and stable. This reduces error in gas 
?oW measurements. The mounting device 18 also serves to 
maintain the gas ?oW sensor 3 at a ?xed direction or 
orientation With respect to gas ?oW direction. The gas ?oW 
sensor’s output is function of the gas ?oW sensor’s direction 
and the How direction. Should the gas ?oW sensor’s direc 
tion or orientation change in relation to gas ?oW direction, 
the effective area of heat transfer Ae varies, and poWer 
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dissipation Will vary With regard to Formula 4, illustrated 
below. The use of a mounting device 18 may help reduce 
error caused by such directional and/ or orientational changes 
in the gas ?oW sensor’s position. 

[0042] The mounting device 18 may comprise any suitable 
components for securing the gas ?oW sensor 3 in a ?xed 
position relative to an article to Which it is attached, such as 
a gas passageWay 10. In one embodiment, shoWn in FIG. 4, 
the mounting device comprises a mounting stud 7 attached 
to the housing 12 of the gas ?oW sensor. In one embodiment 
the mounting stud 7 is present on the protective housing 12 
such that the mounting stud 7 is aligned above the WindoW 
20, as shoWn in FIG. 4. The mounting device 18 may be 
attached to a complementary receiver unit 16 of an article to 
Which the gas ?oW sensor 3 is to be mounted. The mounting 
stud 7 may be designed to ?t together With a notch 8 of a 
Washer 9, shoWn in FIG. 4, Which Washer 9 is a component 
of the receiver unit 16 of a gas passageWay 10. The Washer 
9 may comprise copper or another suitable soft metal or like 
material, to provide a leak proof mounting of the gas ?oW 
sensor 3 to the gas passageWay 10. The receiver unit 16 may 
also comprise a mounting nut 11, and a spring Washer 17 to 
avoid unWinding of mounting nut 11 due to mechanical 
shock, vibration and/or thermal cycling. Other suitable com 
ponents such as guide pins and the like may be included in 
the mounting device. 

[0043] In another embodiment, the gas ?oW sensor 3 
further comprises a thermal insulator 15, as shoWn in FIG. 
5(a). The thermal insulator 15 may comprise a thermally 
insulated member, such as a sleeve or the like, Which 
envelops the insulated substrate 23 of the gas ?oW sensor 3. 
The thermal insulator 15 may otherWise comprise a ther 
mally insulated material Which is Wrapped around the 
insulted substrate 23 to thereby envelop it. The thermal 
insulator 15 may be present betWeen the protective housing 
12 and the insulated substrate 23, thereby thermally isolating 
the insulated substrate 23 from the protective housing 12. In 
another embodiment, the thermal insulator 15 envelops 
substantially all of the insulted substrate 23 except for a 
portion of the insulated substrate 23 Which is to be in contact 
With a gas ?oW path, as shoWn in FIG. 5(a). 

[0044] The thermal insulator 15 is desirable since, When 
the gas ?oW sensor 3 is maintained at its differential tem 
perature, heat is typically lost through tWo main paths, 
conduction 13 or convection 14, as shoWn in FIG. 5(a). 
Under loW ?oW conditions, heat dissipates due to conduc 
tion across the shortest or least resistance path. If heat loss 
due to conduction is more than at loW gas ?oW rates, error 
introduced in the measurement increases, since certain cal 
culations such as Formula 4 (beloW) assume heat loss due to 
conduction to be Zero. Also, at loW gas ?oW rates, thermal 
resistance due to conduction has less than thermal resistance 
due to convection. As shoWn in FIG. 5(b), the circuit 
equivalent of FIG. 5(a), the conduction and convection 
resistance paths are shoWn in parallel. At temperature T, R0 
represents the conduction resistance path, and RCOD repre 
sents the convection resistance path. RC is typically less than 
R at Zero How, and RC is typically greater than RCOD at con 

actual gas How. 

[0045] Thus, the thermal insulator 15 serves to reduce 
poWer dissipated by the gas ?oW sensor 3 at no How (Zero 
?oW), thereby increasing the dynamic range of the gas ?oW 
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sensor 3 at given sensor speci?cations, and reducing errors 
in gas ?oW rate measurement at loW How and no How. The 
thermal insulator 15 may comprise any suitable material 
Which is thermally and/or electrically insulating at high 
temperatures. Examples of suitable insulating materials non 
exclusively include ceramics such as porous alumina 
ceramic materials, loW density aluminum oxide, polymers 
such as high temperature polymers, plastics, oxides of metal, 
clays, and the like, and combinations thereof. 

[0046] As shoWn in the embodiment of FIG. 1, the tem 
perature sensor 2 and the gas ?oW sensor 3 are attached to 
the sensor interface/control module 4 via connecting cables 
5, 6 to terminals A and B of the sensor interface/control 
module 4, respectively. The sensor interface/control module 
4 may be connected to a controlled area netWork 24 (CAN) 
or the like, via outputs such as terminal C, as shoWn in FIG. 
1. The controlled area netWork 24 may serve to communi 
cate data to an engine control unit, a monitoring module, or 
other external devices. In addition, as shoWn in FIG. 1, 
analog outputs 22 relating to gas temperature output, gas 
?oW rate output, and the like, may be connected to the sensor 
interface/control module 4, via connections such as D1 and 
D2, respectively. 

[0047] An objective of this invention is to accurately 
measure the gas ?oW rate of a gas Which ?oWs through a gas 
passageWay or the like. As stated above, an accurate evalu 
ation of gas ?oW rate can also be achieved by determining 
the poWer dissipation of the gas ?oW sensor 3, rather than its 
voltage or current. PoWer dissipated by the gas ?oW sensor 
varies With gas ?oW rate and temperature of the gas. By 
maintaining the gas ?oW sensor at a prede?ned differential 
temperature compared to the temperature of the gas, the 
poWer dissipated by the gas ?oW sensor is independent of 
resistance, independent of ambient gas temperature, and 
proportional to the gas ?oW rate. This method also reduces 
error and computation time in determining gas ?oW rate. 
Measuring the gas ?oW sensor’s poWer use or dissipation, 
rather than voltage and current, also avoids interdependence 
of the sensors and the sensor interface/control module, such 
that various sensors can be connected to the sensor interface/ 
control module With reduced error. 

[0048] In use, the gas ?oW sensor system 1 is preferably 
positioned as shoWn in the embodiment of FIG. 1, such that 
the gas ?oW sensor 3 and the temperature sensor 2 are each 
connected to both a gas passageWay 10 and a sensor inter 
face/ control module 4. Preferably, the gas ?oW sensor 3 is at 
least partially placed into a potential gas ?oW path. It is 
preferred that the gas ?oW sensor 3 is positioned such that 
it Would be either parallel to gas ?oW or perpendicular to gas 
?oW, When a How is present. 

[0049] The temperature of a gas Within the gas passage 
Way 10 is measured by the temperature sensor 2. Preferably, 
the temperature sensor 2 measures the temperature of a gas 
?oWing through gas passageWay 10. The temperature sensor 
may also measure the temperature of gas Within the gas 
passage 1 under no How (Zero ?oW) conditions. 

[0050] The temperature of the gas, as determined by the 
temperature sensor 2, is then preferably communicated to 
the sensor interface/control module 4. This may be done in 
a variety of Ways, such as by sending a temperature data 
signal from the temperature sensor 2 to the sensor interface/ 
control module 4. Preferably, the sensor interface/control 



US 2007/0144250 A1 

module 4 receives such data relating to the gas temperature, 
and a microcontroller of the sensor interface/control module 

4 monitors the gas temperature as measured by the tempera 
ture sensor. The microcontroller then adjusts the temperature 
of the gas ?oW sensor 3 to a prede?ned differential tem 

perature compared to the temperature of gas as measured by 
the temperature sensor 2. Preferably, this prede?ned differ 
ential temperature is a temperature Which is higher than the 
gas temperature as measured by the temperature sensor 2. 
For example, in one preferred embodiment of the invention, 
the gas ?oW sensor 3 is maintained at a prede?ned differ 

ential temperature of 50° C. above the gas temperature. If the 
gas temperature should rise to a higher temperature, the 
temperature of the gas ?oW sensor 3 is adjusted to rise to 500 
C. above the higher gas temperature. If the gas temperature 
should fall to a loWer temperature, the temperature of the gas 
?oW sensor 3 is adjusted to fall to 500 C. above the loWer gas 

temperature. In a preferred embodiment of the invention, 
Where the gas temperature is 2 100° C., the gas ?oW sensor 
3 is maintained at a prede?ned constant differential tem 
perature of 150° C. above the gas temperature. 

[0051] Upon maintaining the gas ?oW sensor 3 at its 
prede?ned differential temperature, poWer dissipated by the 
gas ?oW sensor at this adjusted temperature may be deter 
mined accurately, and thereafter the gas ?oW rate of gas 
?oWing through the gas passageWay 10 may be determined 
accurately, via the sensor interface/control module 4. 

[0052] With heat transfer characteristics of the gas ?oW 
sensor 3 at a constant temperature, the poWer dissipated by 
the gas ?oW sensor 3 can be calculated using Formula 1: 

P=hAeAT (Formula 1) 

Where: 

[0053] P is the poWer dissipated by the gas ?oW sensor; 

[0054] h is the heat transfer coef?cient of the gas ?oW 

sensor; 

[0055] A6 is the effective area of heat transfer; and 

[0056] AT is the difference betWeen gas temperature 
and gas ?oW sensor temperature. 

[0057] The heat transfer coef?cient (h) of the gas ?oW 
sensor, according to King’s laW may be represented as 
Formula 2: 

(Formula 2) dwwluz dz h = k0 + k1( 

Where: 

[0058] kO and k1 are constants dependent on the gas ?oW 
sensor dimensions; 

[0059] p is gas density; and 

[0060] U is gas velocity. 
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[0061] Considering the cross sectional area (AP) of a gas 
passageWay in Formula 2, one arrives at Formula 3: 

[(1 dm 1/2 (Formula 3) 
h : k0 + Ap dz 

Where: 

[0062] AP is the cross sectional area ofthe gas passage 
Way; and 

[0063] dm/dt is the average mass ?oW rate of the gas. 

[0064] Substituting Formula 3 into Formula 1, the poWer 
use of the gas ?oW sensor 3 is shoWn in Formula 4: 

(Formula 4) AeATkl dm 1/2 
P: AEATko + 

[0065] The above calculations assume heat loss due to 
convection only. 

[0066] An analysis of Formula 4 Would shoW that Where 
AT is maintained constant, and Where the gas passageWay 10 
diameter or cross sectional area and effective area of heat 
transfer A6 of the gas ?oW sensor 3 are accounted for, the 
poWer use of the gas flow sensor 3 is proportional to the 
average mass ?oW rate of the gas. Thus, based on Formula 
4, poWer dissipated by the gas ?oW sensor Would not be 
dependent on the resistances of the gas ?oW sensor or any 
connecting cables. This reduces error in determining mass 
?oW rate. 

[0067] In one embodiment, a feature of the invention is the 
self-calibration of desired components or parameters of the 
gas ?oW sensor system. That is, the gas ?oW sensor system 
is capable of adjusting itself to counteract the adverse effects 
of use, aging, degradation, and the like, thus reducing error 
in gas ?oW measurement. In a preferred embodiment of the 
invention, the gas ?oW sensor system 1 is capable of 
self-calibrating the heat transfer coef?cient (h) of the gas 
?oW sensor 3. The present invention is preferably capable of 
performing self-calibration periodically and automatically. 

[0068] During no How (Zero ?oW) conditions, the poWer 
dissipated by the gas ?oW sensor depends on the heat 
transfer coe?icient (h) of the sensor. Each gas ?oW sensor 
has a heat transfer coef?cient having an initial value. Deg 
radation of the gas ?oW sensor 3 due to thermal cycling, soot 
collection, and the like, causes the heat transfer coef?cient 
(h) to vary over time, introducing error in the mass ?oW rate 
measurement. Thus, degradation of the gas ?oW sensor 
affects the poWer dissipated by the gas ?oW sensor. This 
appears as a variation in poWer dissipated by the gas ?oW 
sensor under How conditions versus no How (Zero ?oW) 
conditions. In the present invention, a measured variation in 
poWer dissipation is corrected by softWare or codes embed 
ded in ?rmware of the sensor interface/control module 4, 
speci?cally via softWare or codes embedded in the micro 
controller of the sensor interface/control module 4. 

[0069] Thus, the sensor interface/control module 4 of this 
invention is capable adjusting the value of the heat transfer 
coef?cient of the gas ?oW sensor With the sensor interface/ 
control module until poWer dissipation of the gas ?oW 
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sensor is substantially equal under conditions wherein gas is 
?owing through the gas passageway, and under conditions 
wherein no gas ?ows through the gas passageway. Adjusting 
the value of the heat transfer coef?cient of the gas ?ow 
sensor may be done via the software and ?rmware of the 
sensor interface/control module 4’s components, while esti 
mating or calculating the average gas mass ?ow rate under 
conditions wherein no gas ?ows through the gas passage 
way. 

[0070] Under certain conditions, some small variation in 
power dissipation may be accepted, as may be determined 
by those skilled in the art. For example, a variation in power 
dissipation of about +/—3% of the base value may be 
considered acceptable. If the power dissipation variation at 
Zero power is greater than the acceptable levels, for example 
+/—l0% or more, then the gas ?ow sensor 3 would likely 
need cleaning or replacement. The sensor interface/control 
module 4 suitably adjusts the heat transfer coef?cient con 
stants, (kOAe) under no ?ow conditions and (klAe) under 
actual ?ow conditions in the computation of average mass 
?ow rate to compensate for changes in the heat transfer 
coef?cient (h) caused by degradation. 

[0071] The data of FIG. 2 shows that as a gas ?ow sensor 
degrades, power dissipated is reduced. According to FIG. 2, 
at a particular gas mass ?ow rate, a new sensor utiliZes more 
power than an old sensor, since a new sensor has a better 
heat transfer coef?cient than an old sensor which has 
degraded. This graph shows experimental results wherein 
power dissipation or loss and a corresponding decrease in 
gas mass flow rate relate to the collection of carbon soot on 
a gas ?ow sensor over time. 

[0072] It can be observed, in Formula 4, that when mass 
?ow rate is Zero, power dissipation is proportional to the 
product of Ae, AT and kg. Power dissipation is designated 
herein as PO. For a constant AT, the PO is proportional to the 
product of A6 and k0, which depends on the heat transfer 
coef?cient. At point “A” in FIG. 2, the PO for a new gas ?ow 
sensor is more, while the PO for a degraded sensor is less. In 
this invention, the variation in PD is measured when gas ?ow 
is Zero and the degradation of the gas ?ow sensor due to soot 
collection is estimated. 

[0073] The relationship between the heat transfer coeffi 
cient constants (kOAe) under no ?ow conditions and (kOAe) 
under actual ?ow conditions are established experimentally, 
as shown in FIG. 3. Thus, a measured power dissipation ‘Po’ 
at no ?ow, the heat transfer coef?cient constant (kOAe) at no 
?ow is computed and corresponding heat transfer coef?cient 
constant (klAe) under actual ?ow is estimated from the 
experimentally established data shown in FIG. 3. These 
values of heat transfer coef?cient under no ?ow and actual 
?ow are compared with the corresponding bas value of new 
sensor stored in the memory of the microcontroller of sensor 
interface/control module 4. The difference between these 
constants and the base value of a new sensor equals the error 
due to degradation, and this error is compensated in software 
while computing actual mass ?ow rate using Formula 4. 
This is done online. 

[0074] As stated above, if the measured error of the gas 
?ow sensor 3 is beyond a determined limit, the sensor 3 
should be cleaned or replaced. Furthermore, a gas ?ow 
sensor power measurement of Zero during calibration would 
indicate complete failure of sensor. The gas ?ow sensor 
system 1 preferably comprises a warning indicator for 
indicating whether replacement of the gas ?ow sensor is 
necessary. The warning device may, for example, provide an 
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audio, visual, or audio-visual signal to indicate that such 
replacement is necessary. In a preferred embodiment, the 
sensor interface/control module 4 comprises such a warning 
indicator. 

[0075] Variations in other parameters such as gas density 
(p) and the diameter of the gas passageway 10 may also be 
corrected by varying constants of the gas ?ow sensor 3 via 
software embedded in the ?rmware of the sensor interface/ 
control module 4, to reduce error. 

[0076] While the present invention has been particularly 
shown and described with reference to preferred embodi 
ments, it will be readily appreciated by those of ordinary 
skill in the art that various changes and modi?cations may 
be made without departing from the spirit and scope of the 
invention. It is intended that the claims be interpreted to 
cover the disclosed embodiment, those alternatives which 
have been discussed above and all equivalents thereto. 

What is claimed is: 
1. A gas ?ow sensor system which comprises: 

a) a sensor interface/control module; 

b) a temperature sensor for measuring the temperature of 
a gas, electrically connected to the sensor interface/ 
control module; and 

c) a gas ?ow sensor, electrically connected to the sensor 
interface/control module; 

the sensor interface/control module comprising a micro 
controller for monitoring the temperature of a gas as 
measured by the temperature sensor, and for adjusting 
the temperature of the gas ?ow sensor to a prede?ned 
differential temperature compared to the temperature of 
gas as measured by the temperature sensor. 

2. The gas ?ow sensor system of claim 1 wherein the gas 
?ow sensor comprises a heater element. 

3. The gas ?ow sensor system of claim 1 wherein the gas 
?ow sensor comprises an electrically and/or thermally insu 
lated substrate encased within a protective housing. 

4. The gas ?ow sensor system of claim 3 wherein the 
electrically and/or thermally insulated substrate comprises 
alumina. 

5. The gas ?ow sensor system of claim 3 wherein the 
protective housing comprises at least one window. 

6. The gas ?ow sensor system of claim 3 further com 
prising a thermal insulator enveloping the insulated sub 
strate. 

7. The gas ?ow sensor system of claim 1 further com 
prising a mounting device for mounting the gas ?ow sensor 
to an article. 

8. The gas ?ow sensor system of claim 7 wherein the 
mounting device is attachable to a complementary receiver 
unit of an article to which the gas ?ow sensor is to be 
mounted. 

9. A method for determining gas mass ?ow rate through 
a gas passageway, comprising: 

i) providing a gas ?ow sensor system which comprises: 

a) a sensor interface/control module; 

b) a temperature sensor for measuring the temperature 
of a gas, electrically connected to the sensor inter 
face/control module; and 
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c) a gas ?oW sensor, electrically connected to the sensor 
interface/ control module; 

the sensor interface/control module comprising a 
microcontroller for monitoring the temperature of a 
gas as measured by the temperature sensor, and for 
adjusting the temperature of the gas ?oW sensor to a 
prede?ned differential temperature compared to the 
temperature of gas as measured by the temperature 
sensor; 

ii) measuring the temperature of a gas ?oWing through a 
gas passageWay by means of the temperature sensor; 

iii) monitoring the temperature of gas as measured by the 
temperature sensor, via the microcontroller of the sen 
sor interface/control module; and 

iv) adjusting the temperature of the gas ?oW sensor to a 
prede?ned differential temperature compared to the 
temperature of gas as measured by the temperature 
sensor via the microcontroller of the sensor interface/ 
control module. 

10. The method of claim 9 further comprising the subse 
quent step of determining the poWer dissipated by the gas 
?oW sensor at the adjusted temperature and thereafter deter 
mining the gas ?oW rate of the gas ?oWing through the gas 
passageWay, With the sensor interface/control module. 

11. The method of claim 9 Wherein the gas ?oW sensor is 
adjusted to a prede?ned differential temperature Which is 
above the temperature of the gas as measured by the 
temperature sensor. 

12. The method of claim 9 Wherein the gas ?oW sensor 
comprises an insulated substrate encased Within a protective 
housing. 

13. The method of claim 12 Wherein the protective 
housing comprises at least one WindoW. 

14. The method of claim 12 Wherein the gas ?oW sensor 
further comprises a thermal insulator enveloping the insu 
lated substrate. 

15. The method of claim 9 Wherein the gas ?oW sensor 
further comprises a mounting device for mounting the gas 
?oW sensor to an article. 

16. A method for self-calibration of a gas ?oW sensor 
system Which comprises: 

i) providing a gas ?oW sensor system Which comprises: 

a) a sensor interface/control module; 

b) a temperature sensor for measuring the temperature 
of a gas, electrically connected to the sensor inter 
face/control module; and 

c) a gas ?oW sensor having a heat transfer coef?cient 
having an initial value, electrically connected to the 
sensor interface/control module; 
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the sensor interface/control module comprising a 
microcontroller for monitoring the temperature of a 
gas as measured by the temperature sensor, and for 
adjusting the temperature of the gas ?oW sensor to a 
prede?ned differential temperature compared to the 
temperature of gas as measured by the temperature 
sensor; 

ii) measuring the temperature of a gas ?oWing through a 
gas passageWay by means of the temperature sensor; 

iii) monitoring the temperature of gas as measured by the 
temperature sensor, via the microcontroller of the sen 
sor interface/control module; 

iv) adjusting the temperature of the gas ?oW sensor to a 
prede?ned differential temperature compared to the 
temperature of gas as measured by the temperature 
sensor via the microcontroller of the sensor interface/ 

control module; 

v) determining the poWer dissipated by the gas ?oW 
sensor under conditions Where gas is ?oWing through a 
gas passageWay, With the sensor interface/control mod 

ule; 

vi) determining the poWer dissipated by the gas ?oW 
sensor under conditions Where no gas ?oWs through the 
gas passageWay, using the sensor interface/control 
module; 

vii) calculating any difference betWeen poWer dissipated 
by the gas ?oW sensor in steps (v) and (vi); and 

viii) adjusting the value of the heat transfer coef?cient of 
the gas ?oW sensor With the sensor interface/control 
module until poWer dissipation of the gas ?oW sensor 
is substantially equal under conditions Wherein gas is 
?owing through the gas passageWay, and under condi 
tions Wherein no gas ?oWs through the gas passageWay. 

17. The method of claim 16 Wherein step (viii) is con 
ducted by the microcontroller of the sensor interface/control 
module. 

18. The method of claim 16 Wherein the gas ?oW sensor 
comprises an insulated substrate encased Within a protective 
housing. 

19. The method of claim 18 Wherein the protective 
housing comprises at least one WindoW. 

20. The method of claim 18 Wherein the gas ?oW sensor 
further comprises a thermal insulator enveloping the insu 
lated substrate. 


